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L&i gidi thiéu
Thuc hién mét sé diéu ciia Ludt Gido duc, B¢ Gido duc & Dao tao va Bo Y té dd ban hanh
chwong trinh khung dao tao Dwoc si dai hoc. By Y té to chirc bién soan tai liéu day - hoc cac mon co

& va chuyén mon theo chirong trinh trén nham ting bude xdy ding bo sach dat chudan chuyén mén
trong cong tac dao tao nhan luc y té.

Sach HOA PHAN TICH duoc bién soan dua trén chwong trinh giao duc cua Truong Dai hoc Y
Duoc Thanh phé Hé Chi Minh trén co sé chwong trinh khung da dwoc phé duyét. Sach dwoc cdc tdc
gid PGS.TS. Vé Thi Bach Hué, ThS. Phing Thé Pong, ThS. Tran Thi Triic Thanh, ThS. Phan Thanh
Diing, ThS. Nguyén Hitu Lac Thiiy bién soan theo phwong cham : Kién thirc co ban, hé thong ; noi
dung chinh xac, khoa hoc ; cap nhdt cac tién bo khoa hoc, ky thudt hién dai va thuc tién & Viét Nam.

Sach HOA PHAN TICH di dwoc Hoi dong chuyén mén tham dinh sdch va tai liéu day - hoc
chuyén nganh Dwgc st dai hoc ciia B3 Y té tham dinh nam 2007. BY Y té quyét dinh ban hanh la tai
liéu day - hoc dat chudn chuyén mén ciia nganh trong giai doan hién nay. Trong thoi gian tir 3 dén 5
nam, sach phdi dwoc chinh 1y, bé sung va cdp nhdt.

BoY te xin chdn thanh cam on cdc tac gid va Hoi dong Chuyén mon tham dinh da giup hoan

thanh cuén sach ; Cam on GS.TS. Tir Vong Nghl PGS.TS. Tran Tu An da doc va phan bién dé cuon
sach som hoan thanh kip thoi phuc vu cho cong tac dao tao nhan lyc y té.

Lan dau xuat ban, chung toi mong nhdan duoc y kién dong gop cua dong nghiép, cac ban sinh
vién va cdc doc gia dé lan xudat ban sau sach dwoc hoan thién hon.
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VU KHOA HOC VA PAO TAO-BO Y TE

LOI NOI PAU
HOA PHAN TICH la mot mon hgc danh cho céac hoc vién thugc nganh Hoa. O khoa Duoc cua
Truong Pai hoc Y Dugc Thanh phd H6 Chi Minh, mon nay dugc giang day cho:
- sinh vién Dugc nam thtr 3 (hé chinh quy 5 ndm)
- sinh vién Dugc nam thtr 2 (hé tap trung 4 nam)

nham trang bi cac kién thirc co ban vé hod hoc phén tich dé tir 6 sinh vién Dugc hiéu rd hon cac
mon Bao ché, Dugc liéu, Hoa dugc, Duogc luc, Kiém nghiém thudc 1a cac mon nghiép vu s& duoc
hoc tap ¢ cac nam ké tiép.

Hoa phén tich ciing la mot trong nhu‘ng mon hoc nham cung cap cac kién thirc nén tang rat quan
trong dé sau khi tot nghi¢p, du lam viéc & bat ky cac vi tri nao thi Dugc si cung xac dinh duge nhiém
vu cta minh 13 truc tiép hay gian tiép gop phan lam cho thudc phai ding vé chét luong va du vé sb
lugng khi té1 tay nguoi st dung.

Véi muc dich trén, bd moén Hoéa Phan tich — Kiém nghiém da bién soan sach Hod phan tich, tap
1, cho sinh vién nganh Dugc theo chi dao cua By Y t€ va B gido duc — dao tao.

Noi dung sach Hoa phan tich, tap 1, gdm céc phan sau:
Phan I: 13 phan dai cwong gdm céc chuong tong quat dé cap dén:
- Béi tugng, chitc ning va phan loai ctia hod hoc phan tich.

- Céc loai phan tng hod hoc, khai ni¢m va cac yéu td anh hudng dén can bang hoa hoc, hang so
can bang va dinh nghia vé hoat d9, nong do.

- Céc khai niém vé sai sd va tmg dung toan thong ké dé xir 1y cac két qua thu duogc tir thuc
nghiém nham dam bao do chinh xac theo yéu cau ctia nganh Duoc.

Phan II: 13 phan dinh lugng gdm cac chuong viét vé:

- Cach biéu thi va tinh toan néng d6 dung dich cia mot chat duoc sir dung thudong xuyén khi
phan tich.

- Nguyén tic va cach thé hién cac budc dé tién hanh phan tich khdi luong.

- Nguyén tic, phan loai, giai thich cac khai niém, co ché ciing nhu cac Umg dung cua cac phuong
phap phan tich thé tich: acid — base; oxy hoa — khir; két ttia va tao phuc chu yéu st dung trong nganh
Duorc.

Céc can bd giang ctia bd mon di cb ging cap nhét hoa kién thirc dé bién soan va van luén mong
gido trinh s& mang lai cho hoc vién kién thirc b ich, chinh xac.

Chung t6i kinh mong quy thay co, quy déng nghié¢p, quy doc gia va céc sinh vién doc k¥ va néu
nhitng y kién dong gop, chi gitip cac thiéu sot dé ching t61 hoan thién hon tai li€u giang day nay.
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Chan thanh cam on va mong nhan dugc nhimng ¥ kién dong gép quy bau cta quy vi.
Chii bién

PGS.TS. VO THI BACH HUE

Phan |

PAI CUONG

Chlr()’ng 1 i ]
DAI CUONG HOA PHAN TICH

MUC TIEU

— Trinh bay dwoc doi tirong, chirc nang va phén logi ciia hod hoc phan tich.
— Néu dvwoc noi dung cua hoa hoc phan tich.

— Giai thich dwoc cac budc thuc hién cua quy trinh phan tich.

NOI DUNG
1. MO PAU

Hoa phén tich la khoa hoc vé cac phuong phap xac dinh thanh phan hoa hoc cua chit va ciu trac
cua cac hgp phan c6 trong chat phan tich.

Cac phuong phap cua Hoa phan tich cho phép xac dinh dinh tinh mot chat, nghla 1a c6 thé xac
dinh xem chat phén tich dugc cau tao boi nhitng nguyén t6 ndo, nhém chirc ndo, va phan tich xem
cac nguyén t6 va cac nhom chirc d6 duoc sip xép va lién két v6i nhau nhu thé nao (phan tich ciu
truc).

Hoa phan tich nghién ctru cac phuorng phap phan tich dinh luong, dung cac phuong phap dé dé
xéac dinh thanh phan dinh luong cua cac nguyén td, cac hop chit hoa hoc trong chat phan tich.

Noi vé Hoa phan tich, ngudi ta cho rang day 1a khoa hoc vé céc phuong phap va phuong tién cua
phan tich hoa hoc va trong muc d¢ nhét dinh xac dinh ciu triac hoa hoc. Vé phuong tién c6 thé hiéu
d6 1a: dung cuy, thudc thir, chit chuan, ... Phuong phap va phuong tién cua phan tich thay doi thuong
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dua ra nhitng huéng méi, sir dung nhimg nguyén tic méi, ca nhimg hién twong tir nhitng linh
vuc ¢6 tir xa xua. Thi dy, trong thue nghi€ém phan tich hoa hoc hién nay phuong phap vat ly git vai
tro quan trong do la — phuong phap quang pho va vat 1y hat nhan.

. Can phén biét khai niém "hoa hoc phén tich" va "phén tich hod hoc". Hoa phan tich 1a khoa hoc
vé cac phuong phap phan tich, con phén tich hoa hoc la nhirg phuong phap duge dung trong thyc té
dé xac dinh thanh phan hoa hoc cta chat phan tich.

Nguoi ta con phan bi¢t khai niém “ky thuat phan tich” va “phuong phap phan tich”.

K§ thuat phan tich 1a dya trén c4c hién tugng khoa hoc dé thu thap thong tin vé thanh phan hoa
hoc cua chat phan tich. Thi du nhu k¥ thuat sac ky long hiéu nang cao, k¥ thuat cuc pho.

Phuong phap phan tich 1a tng dung cu thé cia mot k§ thuat phan tich dé giai quyét mot van dé
phén tich. Phuong phap cua phén tich do 1a phuong cach (cach) xac dinh, luén ching rd rang, danh
gia toan dién co6 can cu d€ xac dinh thanh phan cua doi twong phén tich. Thi du phwong phap phéan
tich vitamin C bang ky thuat cuc pho, phuong phap xac dinh phenol trong nude song dung k thuét
sac ky.

2. CHUC NANG CUA HOA PHAN TiCH HIEN DPAI
C6 thé chia ra lam 3 chirc nang (linh vuc khoa hoc):
2.1. Giai quyét cac van dé chung ciia phén tich

Thi dy: phat trién va hoan thién nhitng luan thuyét vé cac phuong phap phan tich.

2.2. Nghién ctru cac phuwong phap phan tich

2.3. Giai quyét cac nhiém vu cu thé ciia phén tich

Thi dy: su thanh 1ap chuyén nganh Ho4 phén tich vé thudc phong chong dich bénh.

CAu trac sau cua mon hoc nay co thé chia ra phén tich dinh tinh va phén tich dinh luong. Phén
tich dinh tinh giai quyét van dé 1a cac hgp phan nao co trong doi tugng phan tich, phéan tich dinh
lugng cho biét vé ham lugng cua tat ca hay cua tirng hgp phan.

3. PHAN LOAI

3.1. Phén loai theo dwong 16i phén tich
- Téng thé - Cuc bo - Truc tiép - Gian tiép
- Phan huy - Khong phan huy - Gian doan - Lién tuc

3.2. Phan loai dua theo thé tich va khdi lwgng chit phan tich

- Phan tich thé: luong mau thir chit ran 0,1 - 1 g, lwong mAu thir dung dich tir 1 - 100 ml.
- Phan tich ban vi lugng: luong mau thir tir 0.01 - 0,1 g, dung dich tir 0,1- 0,3 ml.
- Phan tich vi luong: lwong mau thtr tir 103 -1072 g, dung dich tur 102- 10" ml.

- Phan tich siéu vi lwong: lwong mAu thir tr 10 - 10712 g, dung dich tir 1073 - 10 ml.

3.3. Phén loai dua trén ban chit ciia cac hop phén ciia chit can xac dinh
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- Phén tich dong vi: chuyén nganh trong phan tich it st dung, nhung phén tich nay thuong dung
trong vat ly, mo, sinh hoc. Thi du nhu: xac dinh nude deuterium trong nudc thuong, cing nhu cua
oxy "nang' (dong vi OXy 18) trong hdn hop véi sy dong vi phd bién oxy 16. Phan tich dong vi can
thiét khi nghién ctru cac nguyén té nhan tao.

- Phén tich nguyén t6 (nguyén tir - ion): phan tich nhimg nguyén t6 ndo c6 trong ddi tuwong
nghién ctru, ham lugng 1a bao nhiéu.

- Phan tich phan ti: day 1a sy phat hién va xac dinh hop chat hoa hoc dugc dic trung bing khoi
lugng phan tr xac dinh. Thi du: phan tich hon hgp khi, xac dinh trong khong khi nhitng thanh phan
chinh (N,, O,, CO,, Oy, khi tro). Mot trong nhiing phwong phap phan tich phéan tir nguoi ta str dung
phuong phap
sac ky.

- Phén tich nhém chifc: Dbi véi phan tich hoa hitu co con c6 mot dang phén tich ¢ gitta phan
tich nguyén t6 va phan tir - d6 1a phan tich nhom chitrc. Phan tich nay trude hét xac dinh nhom chtc,
nghia la xac dinh tirng nhom hiru co ri€éng biét nhu nhoém carboxyl, hydroxyl, amin,...

- Phén tich c!lf'lt: Trong phan tich chit nguoi ta xac dinh trong dang nao c6 mit hop phan ta
quan tam trong doi tuong phén tich nay va ham luong cta nhiing dang nay. Thi du: trong muc do
nao cua sy oxy hoa c6 mat nguyén t6 As(III) hay As (V), trong trang thai hoa hoc nao c6 mat nguyén

t6 (thi du dong trong khoang chat c6 thé ¢ dang oxyd hay sulfit hay hdn hop nhitng hop chit nay).
Phén tich chét c6 nhiéu cai chung véi phan tich phan tir hay tudng.

- Phan tich tuwéng (pha): d6 la phén tich dbi tugng trong hé di thé. Thi du: sunfit va oxyd kém
phan bé trong khoang chat khong dong thé ma tao nhiing urong khac nhau. Nguoi ta dung cac
phuong phap khac nhau dé tich va xac dinh cc hé di thé tham gia trong thanh phan ciu tric (cac
tudng) riéng biét, khac nhau vé tinh chat, vé ciu triic vat 1y va phan tich nhau boi giéi han bé mat.

3.4. PHAN LOAI THEO BAN CHAT CUA PHUONG PHAP

Xac dinh theo dic tinh cua tinh chat do hay theo kha ning ghi nhan tin hiéu twong tng.
C6 thé chia ra:

- Phwong phap hoa hoc: 1a phuong phap dya trén nhitng phan ang hod hoc. Thi du: phan tmg
acid- base, oxy hoa - khur, két tia - hoa tan, tao phuec.

- Phuong phap hoa 1y, vat ly: phuong phap vat ly dya trén nhfrng hién tuong va qua trinh vat 1y
nhu phuong phap quang pho, phuong phdp so mau, vat Iy hat nhan,..

- Phu’o’ng phap sinh hoc: dya trén nhimg hién tugng ctia cudc séng (trao doi chit, ting truong,
trc ché cua vi sinh vat...), thi du nhu phuong phap phan tich vi sinh vat 1a dua vao qué trinh trao doi
chat cua vi sinh vat. Bang phuong phap vi sinh vat ngudi ta dinh lugng cac thude khang sinh, khang
nam, vitamin,...

4. PHAN TICH PINH TiNH VA PHAN TiCH PINH LUQNG
4.1. Phéan tich dinh tinh

Phén tich dinh tinh 13 x4c dinh cac nguyén td, cac ion, cac phan tir c6 trong thanh phan chat phan
tich.

Pé tién hanh phuong phap dinh tinh nguoi ta dung nhiéu phuong phap c6 ban chat khic nhau,
cac k¥ thuat, cac duong 161 khac nhau: phuong phap hoa hoc, vat Iy va hoa 1y.

4.1.1. Phwong phap hod hoc
Phuong phap hoa hoc 1a nhitng phuong phap dinh tinh dya trén cac phan tmg hoa hoc. Nhirng
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phuong phap trong phén tich dugc st dung rong rai trong thuc té, phuong phap nay khong doi
hoéi trang bi phue tap nhung con c6 mot s6 nhuge diém la: trong truong hop can phai tach chat ra
khoi cac tap chat va phai tich ¢ dang tinh khiét thuong rat khé khan, doi khi khong thuc hién duoc,
khong phat hién dugc nhitng lugng chat rat nho.

4.1.2. Phwong phap vat ly va hoa ly

. Phuong phap vat Iy va hoa ly la nhiig phuong phap dya trén cac tinh chat vat Iy ctia cac chat
can phan tich.

Thi dy: Sy nhudm mau ngon lira dén khi khéng mau thanh mau dic trung do cic hop chit bay

hoi ctia mét s6 nguyén t6 hoa hoc Na™, K,...

Phuong phap so mau ngon lira: Ngon ltra Na* ¢6 mau vang, K ¢6 mau tim, Ba" ¢6 mau xanh
luc nhat.

Phuong phap phan tich quang phé hdng ngoai, phuong phap do quang (quang phd hip thu),
phuong phéap cuc pho, phuong phéap sac ky v.v...

Dung phuong phép vat 1y va hoa 1y c6 thé tach dugc cac nguyén tb ma chung kho bi tich béi cac
phuong phap hoa hoc, phuorng phap vat ly va hoa ly ¢6 d6 nhay va d6 chinh xac cao nhung phai co
trang bi phuc tap, may moc dit tién khong phal tat ca cac co so déu trang bj duoc nén phuong phap
hod hoc van dong vai tro quan trong trong cong tac phan tich.

4.2. Phan tich dinh lwgng

Phan tich dinh luong cho phép xac dinh thanh phan vé luong céc hop phan cia hop chat da cho
hodc ctia hdn hop cac chat. Khac véi phan tich dinh tinh, phén tich dinh lwong cho kha nang xac dinh
ham luong cta cic hop phéan riéng ré cua chat phan tich hodc ham lugng chung ctia chat can xéac
dinh trong chét nghién ciru.

Céc phuong phap dung trong phén tich dinh luong:
4.2.1. Phwong phap phan tich hod hoc
- Phén tich trong lugng (phan tich khi luong)

Phuong phap nay dua vio phan tng két tiia cac chat can dinh lugng vai thude thu. Két tha duoc
tach ra khoi dung dich, rura that sach r6i nung hoac lam kho sau d6 dem can. Tur khoi lugng cia két
tua ta xac dinh dugc khoi lugng cua chat can dinh luong.

Phuong phép nay mat nhiéu thoi gian nhung kha chinh xAc.
- Phan tich thé tich (chuan do)

Phuong phap nay dua trén sy do thé tich dung dich thuég: thu da biét chinh xac ndng d¢ can ding
cho phan tmg v6i chat can dinh lugng. Phuong phap nay rat pho bién, dua trén cac phan Ung trung
hoa, tao phuec, tao két tua, oxy hoa - khu,...

4.2.2. Phwong phap phan tich vit ly va hoa ly (phwong phdp phan tich dung cu)
- Phuong phap phan tich vat 1y

Cac phuong phap phén tich dinh lugng cho phep xac dinh thanh phan ctia chit can phan tich
khong dung dén cac phan tng hoa ‘hoc. Pé xac dinh thanh phan chat can phan tich c6 thé do cac chi
s6 vé cac tinh chit vat Iy nhu: hé s6 khuc xa, d6 dan dién, nhiét,...

- Phuong phap hoa 1y

Céac phuong phép phan tich dua trén sy thay ddi tinh chat vat 1y cia mot hé can phan tich, su
thay doi d6 xay ra do cac phan ung hoa hoc xac dinh. Cac phuong phap vat 1y, hoa ly thu’omg dung:
cac phuong phép sic ky, cac phuong phap do quang, phuong phéap dién hoa, cuc phd, dién di,..
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5. CAC BUOC THU'C HIEN CUA MOT QUY TRINH PHAN TiCH
5.1. Mu thir - xac dinh doi twong

Pau tién phai xac dinh 1d muc tiéu (can nhiing thong tin gi) va yéu cau phan tich (dinh tinh hay
dinh luong). Thu thap thong tin vé mau thir: ban chat, ngudn gbc, cach 1dy mau, tinh trang mau va
bdo quan mau.

5.2. Lwa chon phwong phap

Lua chon phuong phap phan tich dua trén nhimg thong tin c6 trude nhu: c& mau phan tich,
phuong tién phén tich, yéu cau phan tich,.. D¢ dat két qua phan tich tot phu thudc nhiéu vao su lya
chon phuong phap.

5.3. LAy mau thir

bay la budc quan trong glhét trong ca quy trinh phan tich. Chon mﬁq dai dién co thanh phan phan
anh ding thanh phan mau cén phén tich. T mau dai dién chon va chuén bi mau lam thi nghiém va
phan tich theo yéu cau.

5.4. Xir Iy miu thir

Dé phan tich, miu thir phai duoc xtr Iy 14 tach cac chit can tré ra khoi hdn hop trude khi do. Pay
la giai doan quan trong trong phan tich.

5.5. Tién hanh do cac chit phén tich
Str dung nhimg dung cy, may moc thich hop dé do chét can phan tich.
5.6. Tinh tosn - xir 1y két qua phan tich

Céc dir liéu thu dugc xur Iy theo toan thong ké dé danh gia do tin cay cua két qua do duogc. Cac
budce trén lién quan mat thiét v6i nhau va anh huong 1an nhau. Trong thuc te tuy theo tung truong
hop cu thé, cac bude tién hanh trén duoc don gian hod hodc bé qua mot sd bude, hodc thuc hién
ding cac budc trén.

6. HOA PHAN TiCH LIEN QUAN TOI CAC KHOA HQC KHAC

Hod phan tich khong thé va khong chi 1a mot phan ciia nganh hod hoc ma né lién quan mét thiét
voi cac ngémh khac nhu: vat Iy va ky thuat. Phan tich hogi hoc ‘phén 16n dua trén cac thanh tuu cua
quang pho (quang hoc, phong xa...), vat Iy hat nhan va nhi€éu phan khac cua vat 1y.

Cac phuong phap phan tich hoa hoc dugce suir dung trén nén tang cc thanh tuu cia cac nganh hoa
khac nhu: 1y thuyét vé can bang hoa hoc, dién ho, dong hoa hoc, hoa v co, hod hitu co, hoa keo.
Ngoai ra Hoa phan tich con lién quan t61 toan hoc va sinh hoc.

Nhu vay c6 thé néi rang Hoa phan tich 1 dic trung ciia khoa hoc gém nhiéu nganh, khoa hoc
lién quan.

7. HOA PHAN TiCH VOI NGANH DUQC

Trong nganh Dugc, Hoa hoc phén tich gilt vai tro quan trong. N6 ¢6 mét trong sudt qua trinh san
Xudt (k1em nghiém nguyén liéu, ban thanh pham, va san pham cudi cing), bao quan luu thong va st
dung thudc. Cac phuong phap phan tich str dung rat phong pht va da dang thudc cac linh vyec: vat 1y,
hoa hoc va sinh hoc. Hién nay nguoi ta con quan tim nhiéu t6i cac phuong phéap kiém nghiém dung
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trong ddi twong sinh hoc, (thi du nhu phan tich méu, nudc bot, dich ndo tiy, gop phan vao cac
nghién ctru sinh dugc hoc va duge dong hoc).

8. UNG DUNG VA HUONG PHAT TRIEN CUA HOA PHAN TiCH
8.1. Ung dung

Hoa phan tich dong vai trd quan trong trong su phat trién khoa hoc k¥ thuat va nhiéu mén khoa
hoc tu nhién: hoa hoc, dia chit, dia 1y, khoang vat hoc, vat ly, sinh hoc, sinh hoa, ndong hod, y duogc
hoc. Trong nhitng linh vyc nay dé thyc hién cac cong trinh nghién ctru khoa hoc déu doi hoi phai ap
dung cac phu’omg phap phén tich. Dya vao cac thong tin cta phén tich hoa hoc ma cac nha dia chat
tim kiém cac khoang chat. Dya vao két qua phan tich mau cac thay thuc chan doan duoc tinh trang

strc khoe cta con nguoi. Sy dinh lugng cac ion K* | Ca", Na* trong dich té bao dong vét cho phép
cac nha sinh 1y hoc nghién ctru vai tro ciia cac ion nay trong sy dan truyén ludng than kinh ciing nhur
trong co ché co va dudi cta cac co. Cac nha hoa hoc gii thich cic co ché phan ing hoa hoc nho vao
viéc nghién ctru van tdc phan tng, nho ¢6 cic phuong phap phan tich hién dai ma ngudi ta tong hop
duoc cac chit hoa hoc mdi, ...

8.2. Hwéng phat trién

Ngay nay vo1 sy phat trién cua khoa hoc k¥ thuét tién tién doi hoi chuyén nganh Hoa phan tich
ngay mot hoan thién, dé dap ung nhu cau trén Hod phén tich tién t6i phai giai quyét duoc 5 van dé
sau:

8.2.1. Xdc dinh va gidi quyét nhitng khé khan trong Hod phén tich

Can phai x4c dinh cac thong tin cu thé (dinh tinh, dinh lwong, tinh chat, chirc ning).
Xéc dinh tinh hubng cu thé.

8.2.2. Thiét ké mot quy trinh phan tich

Thiét lap tiéu chuan cho mét quy trinh phén tich (d6 chinh xac, d6 dang, d6 nhay, chi phi, quy
mo thuce hién, tién do thuc hién...)

Xac dinh cac yéu tb can tro.

Lya chon phuong phap.

Thiét 1ap cac tiéu chuan thim dinh.

Céch 1dy mau.

8.2.3. Thwc hién va thu thdp dir liéu

Kiém dinh dung cu va trang thiét bi.

Chuén hoé thudc thir.

Thu thap dir lidu.

8.2.4. Xur ly dir liéu
- Giam hodc bién dbi dir liéu. - Panh gia két qua.
- Phan tich thong ké. - Biéu thi két qua.

8.2.5. Thwc hién danh gia ciia co so bén ngoai

Kiém tra dénh gi4 lai két qua & phong thi nghiém ctia co s& bén ngoai.

Tuy diéu kién thyc té, tinh hinh cu thé cta co sd ¢ thé khong giai quyét dugc ngay hét cac van
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dé ma ting budc giai quyét tién to1 hoan chinh nhu cac yéu cau dit ra.

Hién nay & nudc ta nganh Dugc dang phat trién, cac xi nghiép Dugc ¢ phan trong nudc va lién
doanh da ra doi, bén canh do6 cac phong bao ché & cac khoa Dugc cac bénh vién ciing phat trién
khong ngimg, ngoai ra céac nguon thudc nhép khau cung rat phong pht tur cac nude phat trién va
dang phat trién. Dé dam bao chat luong thudc san xuit va thudc xuat nhap khau dén tay nguoi tiéu
ding, cong tac kiém nghiém thudc ngdy cang duoc quan tim, vi vdy ngudi Duoc si can trang bi
nhing kién thtrc vitng vang vé Hoa hoc phan tich. Ngoai cong tac kiém nghiém thudc, cac cong tac
khac trong cac phong thi nghiém hoé dugc, dugc ly, duogc li¢u, dugc 1am sang, sinh hoa, doc chat,...
cling doi hoi nhiing kién thire vé Hoa hoc phan tich.

TU KHOA
- Hoa hoc phan tich - Phén tich chat
- Phan tich dinh lugng - Phan tich vi lugng, ban vi lugng, si€u vi lugng
- Phan tich phan tr - Phan tich nguyén t6
- Phan tich dinh tinh - Quy trinh phan tich

CAU HOI LUQNG GIA

1. Cho biét ddi tugng ctia hoa hoc phan tich. Su lién quan ctia hoa hoc phan tich véi nganh Dugc
va cac mon khoa hoc khac.

2. Thé nao 1a phan tich dinh tinh? Néu cac phuong phap phan tich trong phan tich dinh tinh.
3. Néu cac phuong phéap dung dé phan tich dinh luong.
4. Trinh bay cac budc thyc hién cua mot quy trinh phan tich.

CAU HOI TRAC NGHIEM

Hay chon tir ngit thich hop dién vao chd tréng trong cac ciu 1 va 2 sao cho phu hop:

1. Hoa phan tich 1a khoa hoc vé sy x4c dinh......... cua chat phan tich
a. phan ung hoa hoc c. thanh phan e. tinh chét hoa hoc
b. thanh phan hoa hoc d. nhém chuc

2. Phan tich dinh luong cho phép xac dinh..... cta cic hop phan trong chit nghién ciru:

a. cau tric c. thé tich e. ham luong

b. thanh phan d. trong lugng
3. Phuong phap hoa hoc 1a phuong phap dua trén

a. tinh chat hoa hoc c. phan ung hoa hoc e. cau tric hod hoc

b. thanh phﬁn hoa hoc d. hién tuong hod hoc

4. Ho4 phan tich déng vai trd quan trong trong sy phat trién cia mon khoa hoc
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a. y duoc hoc c. khoang vat hoc e. chicaua,b

b. dia chat d. tit ca céc cau trén

5. C6 miy budc chii yéu cia mot quy trinh phén tich

a. 3 c.5 e.7
b. 4 d. 6

 Chuong 2
CAN BANG HOA HQC
MUC TIEU

— Trinh bay duwoc dinh nghia va phdn loai phan wng hoa hoc.
— Trinh bay dvoc khdi niém vé sur can bdng hod hoc.

— Trinh bay dwoc cdch tinh céc hang sé can bang hod hoc.

— Dién ta duwoc su khdc biét gitra hoat do va néng do.

— Giai dwoc mot so bai tap can bang hoa hoc.

NOI DUNG
1. PHAN UNG HOA HQC
1.1. Pinh nghia

Phan tmg hoa hoc 1a phan (mg khi lién két mot hay nhiéu hon 2 nguyén t6 thi cac lién két hoa
hoc trong chat tham gia phan (g thay do6i va tao ra chat moi (san pham). Qua trinh nay ludn kem
theo 1 sy thay doi nang luong va tuén theo dinh luét bao toan nang lugng. Phan tmg hoa hoc ket thue
khi ¢6 su can bang phan tng hod hoc hay cac chat tham gia phan img da dugc chuyén doi hoan toan.

1.2. Cac loai phan trng hoa hoc

Céc tai liéu vé phan g hod hoc hién nay phan loai nhiéu kiéu phan tmg theo céc co ché nhung
chu yéu tap trung cac loai sau:

1.2.1. Phin irng két hop (synthesis reaction)
Trong phan tng niy, 2 hay nhiéu chat don gian s& két hop dé tao nén chat phirc tap hon.

e Dang coban: A+ X > AX
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Thi du: khi hydro két hop vdi khi oxy c6 thé tao nén chat phtic tap hon 1a nuée
2H, + 0, - H,0
Thi du 1: kim loai + oxy — oxid kim loai*:
2Mg(r) + Oz(k) — 2MgO(r)
Thi du 2: phi kim + oxy — oxid phi kim:
C(r) + O,(k) — CO,(k)
Thi du 3: oxid kim loai + nudc — hydroxid kim loai
MgO(r) + H,O(1) - Mg(OH),(r)
Thi du 4: oxid phi kim + nuéc — acid:
Coz(k) +H,0() - H,CO5(nudc)
Thi du 5: kim loai + phi kim — muéi:
2 Na(r) + Clz(k) — 2NaCl(r)
Thi dy 6: Vai phi kim két hop véi nhiing chét khac:
2P(r) + 3C12(k) — 2PCl,(k)

C6 2 phan g thudc loai nay cin ghi nhé

N, (k) + 3H,(k) — 2NH; (k)

NH, (k) + H,0(1) - NH,OH(nu6c)

1.2.2. Phan wng phdn hiiy (decomposition reaction)

Phan ng phén huy la mot phan ng hoa hoc tach roi do mot chat ty hay hay chia ra thanh cac
don chat”

e Dang coban: AX—> A +X
2H,0 — 2H, + O,

Thi du 1: carbonat kim loai, khi dun néng tao thanh cac oxid kim loai va khi CO, (k).
CaCO3(r) — CaO(r) + CO,(k)

Thi du 2: Hau hét cac hydroxid kim loai, khi dun néng phan huy thanh oxid kim loai va nudc.

Ca(OH),(r) — CaO(r) + H,O(k)
* Ky hiéu (k = thé khi = gaz); (1= thé 1ong = liquid); (r = thé ran = solid); (nwéc = dung méi, nudc = aqueous)

Thi du 3: Céc clorat kim loai khi dun nong phan hty thanh clorid kim loai va oxy.

2KCIO,(r) — 2KCI(r) + 30,(k)
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Thi du 4: Mot s6 acid khi dun néng phan hity thanh oxid phi kim va nuéc
H,S0, — H,0() + SO5(k)

Thi du 5: Mt s6 oxid khi dun nong phan huy:
2HgO(r) — 2Hg(l) + 0,(k)

Thi du 6: Mot s6 phan tmg phan huy duoc san xuit do dién phan
2H,0(1) — 2H,(k) + O4(k)

2NaCl(l) — 2Na(r) + Cl,(k)
1.2.3. Phin irng trao doi (replacement reaction)

e Dangcoban: A+ BX > AX+BhayAX+Y > AY +X

Thi dy 1: Trao dbi 1 kim loai ctia 1 chat bang kim loai c6 hoat tinh hon
Fe(r) + CuSO ,(nuéc) — FeSO,(nude) + Cu(r)

Thi du 2: Trao dbi nguyén tir hydro cé trong nudc bang kim loai ¢6 hoat tinh
2Na(r) + 2H,0(1) — 2NaOH (nudc) + H, (k)
Mg(r) + H,0(k) - MgO(r) + H,(k)

Thi du 3: Trao dbi nguyén tir hydro cé trong acid bang kim loai c¢6 hoat tinh
Zn(r) + 2HCl(nuéc) — ZnCly(nude) + H, (k)

Thi du 4: Trao dbi phi kim bang kim loai c6 hoat tinh hon.
Cl,(k) + 2NaBr(nuéc) — 2NaCl(nudc) + Br, (1)

a) Phan tng trao doi don (single replacement reaction)

Phén tng trao doi don 1a mét phan tmg hoa hoc cua mét don chat véi acid. Trong phan mg trao
d6i don thi mot nguyén tb khong két hop s& thay thé nguyén t6 khac trong mot hop chat. Hai chat
tham gia phan tmg nhuong chd cho 2 san pham.

Thi du: Natri két hop v6i acid hydrochloric thi natri s& thay thé hydro
2Na + 2HCI — 2NaCl + H,

b) Phan tng trao doi kép (double replacement reaction)

Trong phén tng trao doi kép thi 2 hop chat chuyén vi tri d¢ tao thanh 2 hop chit méi. Hai chat
tham gia phan tng nhuodng chd cho 2 san pham méi.

Thi du: Bac nitrat két hop vo1 natri clorid sé tao 2 hop chit méi 12 bac clorid va natri nitrat

AgNO; +NaCl —> AgCl + NaNO;,
Fe,O, + 6HCl — 2FeCl, + 3H,0

¢) Phan tng trao ddi ion

Phén tng trao ddi ion 1a phan Gmg hoa hoc xay ra giita cac ion trong dung dich nudc. Mot phan
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Ung s€ xay ra khi cap ion cung nhau trao d6i dé tao thanh it nhat mot trong nhiing chat sau: két
tua, khi, nudc hay chat khong ion hoa khac.

o Dang co ban: AX + BY —» AY + BX

Thi du 1: Phan Uung tao tua
NaCl (nudc) + AgNO3(nu(’yc) — NaNO;(nuéc) + AgCl(r)
BaCl,(nudc) + Na, SO, (nudc) — 2NaCl(nudc) + BaSO (1)
Thi du 2: Phan ing tao khi
HCl(nudc) + FeS(r) — FeCl,(nuoe) + H,S(k)
Thi du 3: Phan Gng tao nudc. (Néu phan tng giita acid va base thi goi 1a phan tng trung hoa)
HCl(nuéc) + NaOH(nuéc) — NaCl(nuéce) + H,O(1)
Thi du 4: Phan Gng tao ra mot san pham phan huy
CaCO3(r) + HCl(nu6c) — CaCly(nude) + CO, (k) + H,O(D)

1.2.4. Phdn wng oxy hoa — khir

Chat tham gia phan ung bi oxy hoa (mat mot hay nhiéu electron) va cac chit tham gia khac bi
khtr (nhan mot hay nhiéu electron).

~ Céc thi dy chung cua cac phan ing oxy hoa - khtr lién quan dén oxy 1a sy sét i cua kim loai nhu
sat (cac kim loai bi oxy hoa bdi oxy cua khi quyén), sy dot chay va chuyén hoa néng luong trong co
the.

C,oHgt 120, — 10CO, + 4H,0 + nhiét
CH,S + 6F, — CF, + 2HF + SF + nhiét
Mot thi du ctia phan Gmg oxy hoda - khtr khong lién quan dén oxy cua khi quyén 1a phan tmg tao
dién trong binh acquy:
Pb+PbO, + 41" +250,% — 2PbSO,, + 2H,0

2. KHAI NIEM VE SU CAN BANG HOA HQC

Khi khao sat cac phan tmg hoa hoc nguoi ta nhan thay c6 rat it phan tng hoa hoc di chuyén chi
theo mot chiéu. Pa sb cac phan tmg hoa hoc déu di chuyen thuan nghich. Khi bat dau co su tao thanh
san pham 13 c6 phan tmg theo chiéu nguoc lai hay c6 thé néi ngay tir luc c6 nhitng phén tir san pham
xuat hién 1 bit dau c6 phan Gmg nghich.

Khi téc d ciia phan {mg di chuyén theo chiéu thuén va theo chiéu nghich bang nhau va ndng do
cua chat tham gia phan tng va cta ndng do san pham khong thay doi theo thoi gian nita 1a cén bang
hod hoc da dat dén.

Céan bang hoa hoc 1a mot qua trinh can bang dong Hay tuong tuong nhu nhimg ngudi dang trugt
tuyet trén 1 déc thoai. Luong nguoi dang di 1€én va truot xudng lién tuc nbi tiép nhau thay doi nhung
tong s6 nguoi tham dy truot tuyét tir dinh toi chan dbc khong thay doi.

Khi noi dén can bang hoa hoc 13 n6i dén co it nhat 2 chat khac nhau: chit tham gia phan tmg va
san pham.
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~ Khi noi dén can bang vatly la chi dé cap dén mot chat co trong 2 pha (thé) khac nhau va su thay
ddi san pham chi la thay do6i v€ ly tinh. Thi du trong su bay hoi nude s6 mol H,O thoat ra khoi thé

16ng bdng voi s6 mol H,O chuyén thanh thé khi:
H,O () 5 H,0 (k)
Mot thi du dién hinh cta can bang hoa hoc 13 phan tGng:
N,0, (k) 52NO, (k) (2.1
Day la phan tmg tao thanh khi nito dioxyd (NO,) tir khi dinito tetraoxyd (N,O,). Co thé theo ddi
dién bién cta phan tng nay dé dang do N,O, la khi khéng c6 mau trong khi NO, ¢6 mau nau dam.
Néu bom mét lwong chinh xéac N,O, vao mdt binh cau trong d6 1a chan khong thi mau nau cua s&
xudt hién ngay chimg t6 1a NO, c6 mit. Mau ndu s& d4m déan do N,O, ty phan ly. Dén khi dat can
bang thi mau khong ddi nira.
Déi v6i phan tmg nguoc véi phan tng (2.1)
2NO,(k) 5N,0, (k) (2.2)
Trong cac hinh minh hoa 2.1 va 2.2 vong mau nu den dai dién cho khi NO, va vong trang dai
dién cho khi N,O,.

Néu bit dau véi NO,, ¢6 thé minh hoa can b?lng dat dén nhu sau:

1 2 3 A 8
0
.... e %0 e -D .. & O 0 ®
* o ] * % Cceo | % - o oe
® e “o o000 | 2 . ® 00
° o P ° C @0 e O o

Hinh 2.1. Chuyén 2NO, (k) 5 N, O, (k), hé théng can béng & cac 6 4, 5 va 6

Néu bit dau véi N,0,,, & cung nhiét d ¢6 thé minh hoa can bing dat dén 1a

7 2 g 0 o 11 o 12
©o © 000, | 908 O|g Cpe |®2 0®| Coce
PR o e ¢ o| ® g °

%0 © o % | 8°0 *° °1 %egq
O o o ® O O o ® ® (@]

Hinh 2.2. Chuyén N,O, (k) & 2NO, (k), hé théng can bang & cac 6 10, 11 va 12

Tuy theo nhiét do va khoi luong ban dau ciia N,O, (c6 thé c6 1an NO, hay khong) da sir dung
ma ndng d6 cua NO, va N,O, & trang thai can bing cua hé nay s& khac hé khéc.

Cha y:

- Mot hé thdng can bang khong can bat ctr niang lugng nao dé duy tri su can bang.

_ - Khoéng nén lan 10n trang thai can bang va trang thai tinh. Trang thai tinh 1a trang thai ma céac
nong d¢ déu khong doi theo thoi gian.

- Can bang hoa hoc 1 trang thai dong trong d6 chat tham gia phan tmg va san pham chuyén dbi

file://C:\Windows\Temp\kwcijklckga\hoa phan tich.htm 04/01/2013



Bo Y te - Hoa phan tich Page 16 of 225

lién tuc cho nhau. Toc do mat di va xuat hién cua chung bang nhau.

Bang 2.1 néu vai dir liéu thuc nghiém lién quan dén phan tmg nay & 25 d6 C. Nong do cua khi
duoc dién ta bang nong dd mol va duogc tinh tir s6 phan tir ciia khi c6 mat tir lic phan ing bét dau
cho dén luc phan Gmg can bang xay ra trong 1 thé tich cta binh cau (tinh bang lit).

Phén tich cac dit liéu tir sy can bang s& cho thay trong khi ty sd [ND%E O4] cho nhiing gia tri

7  [NOg P : ‘
thay doi thi ty s [ 2]4.]204] lai gan nhu hang dinh va trung binh la 4,63 x 1073

Gi4 tri trung binh ndy goi 1a hang s can bang K dbi véi phan tng nay & 25 do C.
Biéu thirc toan hoc cua hing s6 can bing ddi véi hé¢ NO, - N,O, 1a

_ [NOgJ?

—4,63%107°
[N2Oy4]

Ciing can cha y 13 s6 mil 2 cua [NO,] trong biéu thirc trén bang hé s6 can bang ty lugng cla NO,
trong phuong trinh (2.1).
Khai niém nay thu dugc khi xét phuwong trinh cua phan tng thuan nghich:
A+BSC+D (2.3)
A, B: Céc chit tham gia phan tng
C, D: San pham tao thanh.
Phuong trinh (2.3) 1a biéu thirc toan hoc tuan theo dinh luét tac dung khéi luong.

Baéng 2.1. Gia trj cac ty sé néng d6 caa NO, va N,O,

Néng d6 ban dau (M) Noéng do can bang (M) Gia tri cac ty s6 nébng do
[NO, ] Mo, T
INO,] IN,O,] [INO,] IN,O,] +—2L
2 24 2 24 [M:04] [M204]
0,000 0,670 0,0547 0,643 0,0851 465x 1073
0,0500 0,446 0,0457 0,448 0,102 466 x 10°
0,0300 0,500 0,0475 0,491 0,0967 460 x 103
0,0400 0,600 0,0523 0,594 0,0880 460 x 103
0,200 0,000 0,0204 0,0898 0,227 463 x 103
MO, My
ﬁ % NZD.' %
5 2 =
= NDZ %/— NDZ E N':'z
Thai gian Thai gian Thai gian
a b o
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Hinh 2.3. Bién d6i néng dé ctia NO, va N,0O, theo théi gian
a) Luc dau chi cd NO,; b) Luc dau chi co N,O,; ¢) Lic dau c6 hén hop NO, vaN,O,

3. HOAT PO VA NONG PO

Khi néi dén hoat d¢ va nong dd can xac dinh 1o 2 loai nong do:

- Nong do mol/l (phan tir gam / 1) chi s6 phan tir gam chat tan (chat tan c6 thé 1a phan tir, ion) c6
trong mot 1000 ml dung dich.

- Nong do molan chi s6 phan tir gam chat tan c6 trong mot 1000 gam dung dich.

Khai niém hoat d6 va hé s6 hoat d6 do nha hoa 1y ngudi Hoa Ky Lewis dua ra (1907). Dé hiéu rd
hon s& xét thi du & bang 2.2

Biéu thire dé tinh pH 1a pH= - 1g[H"] (12 mdt cong thirc rat quen thudc dé dién ta su lién quan
giita pH va néng d6 mol cia ion H™).

Theo bang 2.2, néu so sanh pH tinh toan theo cong thic va pH do dugc qua thye nghiém thi sé
nhan thay co sai so gitra gia tri pH 1y thuyét va thuc nghiém.

Ly do c6 sai s nhu dé thiy 1a do biéu thie pH= - Ig[H"] chi chinh xac trong mot gidi han pha
loang va pH that sy tinh theo hoat d6 ion hydro chir khong tinh theo nong do.

Nghia la pH=-lga;,
Hoat d§ ap, cua ion hydro c6 trong mdt dung dich dé cho c6 thé duoc xac dinh b?lng cach don
gian la do pH.
Béang 2.2. Sy khac biét vé pH tinh theo ly thuyét va thuc nghiém
Néng d6 mol ciia HCI pH theo ly thuyét | pH theo thuc nghiém Sai sb pH

0,00050 3,30103 3,31 -0,00897

0,0100 2 2,04 -0.04

0,100 1 1,10 -0,1

04 0,39794 0,52 -0,12206

Mot cach tong quat, gitta hoat d6 va nong do co6 mdi lién quan theo cong thirc:
a=yC hay a=fC
vé6i a: hoat do; y (hodc f): hé s hoat do; C: ndng d6 mol;

Hoat d6 dua trén cac nong do da cho dugc ap dung tot d6i voi cac dung dich khong dién ly (hay
cac hop cht phan tir). Trong dung dich pha lodng, hé sé hoat do thuong = 1 cho nén hoat d6 = néng
do.

Trong dung dich dién ly, do cac tac dong tuong hd cua dién tich nén can quan tim dén vai yéu t6
dic biét dé tinh dugc hé sé hoat do nhu:

- Lwrc ion: Khi ban dén dung dich ion thi it nhat phai biét vé luc ion ctia dung dich ndy vi nguoi
ta tin rang luc 1on s€ anh hudng dén hoat do ion. Pai luong nay duoc ky hi¢u la I

Mot chét dién ly M _X™ dugc phan ly thanh:

M X™=x M™ +m X*
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Céac ion duong M™ va cac ion 4m X* phai cung c6 mit trong mot dung dich va khong c6 cach
nao dé tach riéng hoat do cua céc ion duong va am. Do vay, thuong dung dai luong hoat d6 ion trung
binh (a)

a=vy C (MmXx)-(m-i-x)

D061 voi cd 2 ion duong va am, C la nong d6 ty lugng cua chat dién ly (stoichiometric
concentration).

Trudng hop nay hé so6 hoat d9 trung binh dugc tinh theo biéu thirc:

e I:P:'r-‘;l-l-':'rf_ )1 R ST

Trong d6 v + va v - 1an luot 1a sb cation va anion trong 1 don vi cong thirc ctia chat dién ly.

Ngoai ra, phuong trinh Debye Huckel mo rong (cai tién tir dinh luat gioi han cua Debye Huckel)
cling 1a bi€u thtrc c6 co sé chac chan dé lam nhe di cach tinh nong do khi tinh theo hé s6 hoat do

trung binh:
[1/2
lgy:=-A |z,z_| L

Trong d6 A 1a hang s6 tuy thudc vao tinh chat ciia dung méi (A= 0,5085 d6i v&i nude ¢ 25°C),
z+ va z- 1a cac dién tich ion, I 1a lyc ion dugc xac dinh theo phuong trinh:

I=%2 zizmi
trong d6 m, la néng dd cua ion i. Tom lai, I duoc tinh dén tit ca cac ion c6 thé co trong dung dich
nay.

Ddi véi cac dung dich ddm dac, viéc str dung n?)ng do tinh theo trong lugng cua dung moi (néng
dd molan) thuong c6 thé cung cap mot udc lugng tot hon la dung ndng do tinh theo thé tich (nong do
mol).

4. HANG SO CAN BANG (HSCB)
4.1. Cach tinh hing so cin bing

Dinh lut tic dung khéi luong 1a dinh lut biéu dién mdi lién quan giita ndng d¢ (hoat do) cua
cac chat phan tng va cua san pham phan ung ¢ trang thai can bang.

_Dinh luat tac dung khéi lugng chi ap dung dugc véi cac dung dich ly tuong la dung dich cua céac
chat khong dién ly va cac chat dién ly y€u v6i nong do rat loang (hoat d9). Trong thyc te, thuong
thuong nong do cua cac dung dich khong tuan theo d pha loang mot cach chinh xac.

Trong truong hop cac chat dién ly manh hodc cac chat dién ly yéu nhung ndng d6 cao thi s sai
léch rat 16n, day 1a gidi han cia dinh luat tac dung khéi luong Vi thé khi 4p dung dinh luat tac dung
kh01 luong chi nhén duoc cac két qua gan dung. Tuy vay, trong nhiéu trudong hop do chinh xac nay
van chip nhan duogc v6i cac muc dich thyc tién.

Thi du: dbi v6i phan tng & trang thai cin bang
mA +nB S pC +qD (24)
Néu tinh theo hoat d9

Khi mdt phan ung dat trang thai can bang thi ti sb gitra tich cac hoat d cua cac san pham phan
mg (dugc nang luy thira voi s6 mil bang hé sb ti luong trong phuong trinh phan tng) va tich tuong
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{rmg cua cac chat phan Gng 1a mot hang s (6 nhiét do cho sin).

Khi dat can bang thi ti sb

q
BACAD

m_n =K‘1 (25)
RN

K, dugc goi la HSCB, trong do6 a,, ag, a, ap 1a hoat d6 cén bang cua cac chat phan Gmg (A, B)
va cac san pham phan ung (C, D); m, n, p, q la cac hé so ti lugng tuong tng.

Néu tinh theo ndng d

Thay cho hoat d6, HSCB ciing c6 thé biéu dién qua nong do C;, ap suét riéng P. hoac phan mol
X, cua cac cau tu i twong tmg. Trong cac truong hop nay HSCB duoc ki hi¢u K, Kp, K..

K, - hang s6 can bang:

ICFIDT = K (2.6)
[ATF[ET?

Trong phuong trinh 2.6

[A], [B], [C], [D]: ndng d6 can bang twong Gmg ctia chat phan tng va san pham,

m, n, p, q: cac hé sd can bang (cac hé sé ti lugng twong tng).

Néu coi (2.4) la phan ung co ban (xay ra trong mot giai doan, mot va cham) theo chiéu tir trai
sang phai thi toc do phan tng theo chi€u thuan dugc bi€u dién bang phuong trinh:

Vi = K [AT*[B] (2.7)
Trong do, V, la tde do phan tng; m, n la cac hé s ti luong;

K ,: hing s6 téc d0; [A] va [B] la ndng do twong tmg cua chét phan tmg A va B ¢ thoi diém khao
sat.

Néu coi (2.4) 1a phan tng co ban hai chiéu, thuan va nghich, V, 1a téc d phan tng xay ra theo
chiéu nguoc lai. Phan tng dugc dic trung bang hai hing s toc do K, vak, voi

Vg = Ky[CF[D]? (2.8)
Khi phén tg dat t6i trang thai can bang thi V|, =V,
Nghia la K,[A™[B]" = K,[C]’[D]4

. . . P
Fing 6 cn bing g - £ [CFIDF 2.9)
Kz  [AF*[BF
Trén thuc té, (2.4) thuong biéu dién mot phan Gmg phirc tap (bao gdm nhiéu giai doan, qua nhiéu
va cham) thi biéu thirc (2.6) noéi chung khong dung Trong truong hop nay ham toc do phéan tng phu
thudc ndng do co dang phirc tap. Chi trong mét s6 truong hop téc dd phan Gmg co6 thé biéu dién bang
ham mi:

v = kCPlond (2.10)

Trong d6 nl va n2 tuong ng la bac phan tng theo cac cau tir 1 va 2. C: nong do cua cac chit
tham gia hodc san pham tao thanh sau phan tng.
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Nhu véy, nl # m va n2 # n. Bac phan Ung la dai luong dugc xac dinh bang thuc nghiém, khong
lién quan dén céac hé s6 ti lwong. Bac c6 thé 1a s6 nguyén, phan sb hay s6 khong.

4.2. Hang s6 can bang ciia cic phan tng hay sir dung trong hoa hoc phén tich

4.2.1. Hang sé cén bang ciia cdc phan ieng phéin ly (HSPL)
La hang sb can bang ctia phan Gmg phan ly mot chat.

Thi du: d6i voi phan Gmg phan ly acid yéu HA:

HA =H+ 4 A-
r _2Hfa- _[HYATH
: AH4 [HATvpa

K, duoc goi la HSPL nhiét dong; a: hoat d0 cua ion hodc phan tr; g: hé s6 hoat do. Trong nhirng
truong hop, khi c6 thé chip nhan hé s6 hoat do khong doi:

- HY][A™
K - K, THzg _[HT]IAT]
y [H4]

K' a duoc goi 1a HSPL diéu kién. Ka phu thudc nhiét d9, khong phu thude néng do; con K' a phu
thudc ca néng d0o va nhiét do. Bén canh K, nguoi ta con dung khai niém pK, =- nga.

Thi dy. Déi véi acid acetic CH,COOH ¢ 25°C, K, = 1,754. 107 va pK_ = 4,76.

Trong hang sé phan ly nguoi ta cé thé 1am rd hon vai hang s khac 1a:
a) Hang so phan ly acid (phdn vmg acid —base)

Phan tng cua mdt acid voi dung moéi (nhu nudce) duoc goi la phan img phan ly acid. Acid chia
lam 2 loai:

- Acid manh nhu 13 HCI chuyén hét proton cta né cho dung méi.

- Acid yéu nhu acid acetic khong thé cho hét proton acid ctia n6 cho dung méi. Thay vao d6 hau
hét acid con lai khong phan ly, chi mdt phan nhé hién dién dudi dang base lién hop

CH,COOH (nuéc) + H,0 (1) 5 H,0+ (nudc) + CH,COO" (nude) @2.11)

Hang sb can bang ctia phan tmg nay dugc goi hang s phan ly acid K,- K, cua acid acetic la 1,75
x 10-5

_ [HF][CH5COOT]
* [CHCOOH]

Chu ¥: néng do cta nude cd thé bo qua trong biéu thirc tinh K, vi gia tri qua 16n khong bi anh
huong boi phan tmg phan ly. B 1on cua K, cung cap thong tin vé luc twong d6i cua acid véi K,
cang nho thi acid cang yéu. (trinh bay trong chuong 7)

b) Hang sé phén ly base (phdn vmg acid —base):

Hang s0 phan ly base 1a hang s6 can bang gitra base yéu va proton ma base nhan dé tao nén acid
va acid do.
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Thi du gitra NH; va proton tao nén acid NH 4+ va acid dé, c6 can bang:
NH; + H' SNH,"
Vi hang sb can bang

[NH,']
[NHg][E"]

Ky, duoc goi la hang s6 phan ly base. Vi cuong do cia base dugc biéu thi bang Ky nén K cang
16n, base két hop véi proton cang nhiéu, nghia 1a base cang manh. Thi du NH; ¢6 Ky = 1,76.107
manh hon base CH,;COO" ¢6 Ky = 1,74.10.

¢) Hang s6 khéng bén ciia phite chdt (HSKB)

Hang s6 can bang gitra phirc chat va céc tiéu phan (ion, phan tr) tao nén phirc chat do.

Thi du: gitta ion phirc Ag(NH;)," va Ag", NH, (do ion phitc d6 phéan ly) ¢6 can bang:

Ag(NH)T = Agh + 2NH;
EEN LS
[A4g][(1TH,)3]

Hang sb can bang Ky nay dugc goi la HSKB cua ion phirc Ag(NH3)2+; vi K, cang lon, ion phirc

-I:l:

phan li cang nhiéu nén Ky, con duoc goi la hang s6 phan ly cta phirc chat. (trinh bay trong chuong
10).

4.2.2. Hang sé cén bang ciia cdc phan ikng két hop (HSKH)

La hang sb can bang giita ion ty do va cdp ion (do hai ion khac dau két hop v6i nhau tao thanh).

Thi du: d6i v6i KCI (kali clorid) gitra cc ion ty do K, CI” va cip ion K'CI™ ¢6 c4n bang:

+ -

ET+ClT =2 E'ClT v HSKEH Ky, = w
[E7][CT]

HSKH phu thudc vao hang sb dién méi D cta dung méi va nong do chat tan: Ky, cua KC1 0,1 M

trong acid acetic voi D = 6,2 1a 106,9 va trong metanol v6i D = 32,6 la 101,15. Trong dung mdi ¢6 D
cang nho, K, cang cao; trong benzen, clorofom hau nhu khong c6 ion tu do, vi D rat nho.

Trong hang s6 két hop ngudi ta c6 thé 1am rd hon hang s khac nhu:
a) Hang sé bén (HSB = K) (Phdn itng tao phirc)

) Hang s6 bén 1a hing sd can bang giita cac tiéu phan (ion, phan tir) tao nén phirc chit va phirc
chat do.

Thi du: gitta Ag" va NH; tao nén ion phue Ag(NH3)2Jr va ion phure d6 ¢6 cin bang
Ag"+2HN; 5 Ag(NH,),"

v61 hdng so can bang
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[Ag(NEH)3]

K, =
® [Ag*][NH,?

Hang sb can bang K ciing dugc goi 1a HSB cua ion phirc Ag(NH3)2+; vi K cang 1on, Ag(NH3)2Jr

dugc tao nén cang nhiéu nén K con dugc goi 13 hang s6 tao thanh phirc chit. (trinh bay trong chuong
10)

b) Hang sé bén diéu kién (Phan iing tao phirc)

(trinh bay trong chuong 10)

4.2.3. Hang sé cén bang ciia cdc phén irng trao déi
Tich s6 tan (Phan tng tao tia)

Phan mg tao tia xdy ra khi ¢6 2 hay nhiéu chat hoa tan két hop v6i nhau dé tao thanh chét khong
tan goi la tia. Phan ung két tia chung nhat la phan (g hoan vi ma trong d6 2 hop chat ion hoa tan
trao do1 cac phan.

Thi du: Pb2* (nude) + 2C1 ~ (nude) S PbCl, (r)
Tuy nhién, trong viéc xur ly sy can bang cua sy két tua, cling thudng xuyén gip phan tng nguoc
chi€éu mo ta su phan ly cua tua nay.
PbCL (1) 5 Pb2* (nude) + 2C1 ~ (nude)

Trong phan ng nay c6 mét hang s6 duoc goi 1a tich s6 tan (solubility product, Ksp) 1a tich ndng
d6 cac ion cta hop chét it tan trong dung dich bio hoa chét d6

TST ctia PbCl, = Ksp = [Pb?"] [CI']? = 1.7 x 107
Déi v6i cac chat tan kha, c6 ndng do bdo hoa 16n, khong 4p dung tich s6 ndng do, ma phai tinh
theo tich s6 hoat d¢ a (trinh bay trong chuong 9)
Pblly & Pb2* + 2CT

_ 2
Trncy = ap 25
4.2.4. Hang sé cén bdng ciia cdc phan ikng oxy hod - khir

Khéng gidng nhu cac phan Gmg dd duoc xét, vi tri can bang cua phan tng oxy hod - khir hiém
duogc dién ta bang hang sd can bang. Vi phan tmg oxy hoa - khtr lién quan dén sy di chuyén electron
tir tac nhan khir sang tac nhan oxy hoa nén xét nhiét dong hoc ctia phan tmg vé mit electron lai thich
hop hon (trinh bay trong chuong 8).

Nhi¢t dong hoc 1a khoa hoc nghién ctru su tuong tac cua nhiét do voi sy bién thién nang lu(_)rng
va quan trong hon ca ddi véi linh vuc hoa hoc 1a nghlen ctru sy thay doi nang luong trong qua trinh
phan ung. Nhiét dong hoc hoa hoc phan tich cac yéu t6 xac dinh diém can bang cta phan ng. Hang
s6 can bang K c6 thé suy ra tu ly thuyét nhiét dong hoc. K phu thudc vao ban chét ctia chat phan
{rmg, nhiét do va ap suit.

O nhiét do va ap suat hing dinh, ning lwong tu do Gibb biéu dién theo cong thirc
AG=AH-T. AS

Trong do:

- T 1 nhiét d6 Kelvin; AG: 12 bién thién vé ning luong tu do Gibb

- AH: 12 bién thién enthalpy; AS: 12 bién thién entropy
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Bién thién nang luong AG lién quan dén hang s can bang K ctia phan tmg hoa hoc
AG = AG°® + RTInK
4.3. Ung dung ciia hing s6 can bing K
Hiang sb K cho })iét vé cniéu mirc do hoan toan cua phan tmg. Néu K lon rat nhiéu hon 1 (K>>1)
thi phan rng s€ chiém wu thé tao ra C va D; K cang 16n, phan ng theo chiéu thuan cang hoan toan.

Néu K nhé rat nhiéu so v6i 1 (K< 0,1) thi phan g khong hoan toan, K qua nhé thi phén tmg tao
C va D hau nhu khong xay ra.

Vi K 1a mot hang sé do d6 néu thay d6i mot thira sd [A] hodc [B] hoac [C] hodc [D] thi s& keo
theo sy thay c'1‘01 mot hay nhiéu thira s6 khac. Nhu vdy, muon quyét dinh chiéu cua phan tng ta co
thé thay doi nong do cua céc chat.

Khi biét hdng so can bang hoa hoc K, ta c6 thé tinh toan:
- Nong do can bang cua cac ion chat dién ly yéu, néu biét nong dd ban dau cua chung.

- Nong d6 can bang cua ctia cic chat tham gia phan tmg hodc san pham tao thanh ciia cic phan
ung hod hoc.

- Nong d6 can bang cac ion hydro hydroxyd do dién ly cua chat dién ly trong cac dung dich
nudc cua cac acid hodc bazo yéu, cac mudi thuy phan, dung dich dém...

- Nong d6 can bang cua cac cation, anion va do tan cta chat dién ly it tan trong nudc.
5. CAC YEU TO ANH HUONG PEN CAN BANG HOA HQC

Theo nguyén ly Le Chatelier “Khi tac dong 1én mot hé thi ba}n tnén h@ s¢ tu ‘diéu chinh dé han
ché anh hudng cua tdc dong do”. Co rat nhi€u yeéu td6 anh huong dén hang sé can bang cua phan ung.

5.1. Anh huéng ciia nhiét do

Xét phan ung thuan nghich sau day:
N, +3H, 5 2NH, (2.12)
Phén tmg thuan toa nhiét, phan tng nghich thu nhiét. Do d6, néu ta ting nhiét do cua hé thong thi

can bang s& dich chuyén theo huéng lam giam nhiét d tirc 1a chuyén vé phia phan tng nghich, va
néu giam nhi¢t do cua hé thong thi phan tng s€ xay ra theo chiéu thuan.

5.2. Anh huéng cia ap suat
Su tang hay giam ap suat riéng phan cua chat khi ciing trong ty nhu sy thay d6i ndng do. Xét
phan ung ¢ the khi:
H, + Cl, 5 2HCI

S6 phan tir khi ¢ hai vé bang nhau do d6 khi thay do6i vé ap suit s& khong lam thay do6i trang thai
can bang. Nhung dbi voi phan tng téng hop NH; (phuong trinh 2.12) ¢ trén thi hdn hop s& giam thé

tich, do do khi tang ap suét thi hé thong can bang s€ dich chuyen theo chiéu thuan.

Vi ndng d6 ctia cac cac chat khi tuy thudc ap sudt riéng phan cua ching va khong phu thude vao
tong ap suat cua h¢ thong, do do khi thém hay bo mot lugng khi tro s€ khong lam thay doi can bang
phan ng cua chat khi do.
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5.3. Anh huéng ciia dung méi
Hau hét phan tng c6 su tham gia cua chat phan tmg va san pham & dang phén tan trong dung
moi. Néu luong dung moi thay doi thi ndng do cua tit ca cac chat phan tng va san pham sé thay doi.

Thi du: phan tng tao phttc Bac-amoniac trong nudc:
Ag'+2NH; 5 Ag(NH,), "
Hing sb can bang cua phan tng nay 1a

_ [Ag(NHy){]

2.13
[Ag*][NHg)? @13)

Néu mét phan cia phan u‘ng nay duoc pha loang véi ddng thé tich nudc, ndng do cla cac chat
trong phuong trinh (2.13) déu giam mot nira. Do d6 hé sé phan tng sé& 1a

(0,5)[Ag(NH ;]

3= 0.5 871(0,5) INE, T

Hoac co6 thé viét la

(05 Y([asNE)])
s [(0,5)3][ as*[NHg]EJ' =

Vi Q 16n hon B, can bang phai duoc tai 14p bang cach dich chuyén sang trai va lam giam ndng
do cua Ag(NH3)2+. Hon nira, vi tri can bang méi s& hudng vé phia co s chat tan nhiéu nhat. Néu
dung dich Ag(NH,)," dugc ¢6 dam dic, bang cach 1am bay hoi thi can bang duoc tai 1ap theo hudng

nguoc lai. Két luan téng quat nay c6 thé ap dung voi bét ky phan tmg nao, bét ké & pha ran, long hay
khi. Viéc gia tang thé tich lu6n lam phan {tmg dién ra ru tién theo hudng ¢ s6 phan tir nhidu nhat va
su giam thé tich thi thic day phan ung theo hudng co it phan tir nhat. Néu s6 phan tr ¢ ca hai vé
phuong trinh 14 nhu nhau can bang ctia phan img khong bi anh huong boi sy thay doi thé tich.

5.4. Anh huéng ciia ndng dd cac chat tham gia phan wng va san pham tao thanh

- Hé théng can bang ciia phéan wng bi pha vé truc tiép

V&1 phan ung phan ly cta acid acetic, (phuong trinh 2.11)

O mét nhiét do he‘ing dinh, cac dung dich khac nhau cua acid acetic s€ c6 cac gié tri khac nhau
cho nong do H3O+, acetat, va acid acetic, nhung luén c6 cung gia tri K, . Tai thot diém can bang néu
thém vao dung dich natri acetat, ndng d¢ acetat tang 1én, c6 kha nang lam tang gia tri cua K . Tuy
nhién, vi gia tri K gilt nguyén khong doi, do d6 nong do cua ca ba phan tir trong phuong trinh (2.11)
phai thay d6i d€ phuc hoi K, vé gia tri nguyén thuy cua nd. Trong trudong hop nay, can bang duoc tai
1ap bang phan img mot phan ciia acetat va H3OJr dé tao thém acid acetic.

Nhu vay, h¢ thér}g can bang cua phan tng s& bi pha v& khi thay d6i ndng d6 ciia chit tham gia
phan tng hay san pham tao thanh.

- Hé théng ciing c6 thé pha vé& mdt cach gian tiép

Thi du su phan ly cua AgCl
AgCls Ag™ +CI (2.14)
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Anh huong trén d6 tan cua AgCl bang cach thém AgNOj; thi 13 rang, néu thém vao mot chét co

thé tao phirc bén va tan dugc voi Ag™ nhu amoniac thi s& xay ra phan tng sau:

Ag'+2NHy 5 Ag(NH,)3 (2.15)

Thém amoniac lam giam nong do Ag™ duéi dang ion phirc Ag(NHE. Va sy gidm noéng do
Ag' lam ting do tan ciia AgCl va phan tng (2.15) tai lap diém can bang. Tir cic phan ung (2.14) va
(2.15) s€ lam rod tac dong cua amoniac trén do tan cua AgCl va amoniac ciling 1a mdt chat tham gia
phan ung.

AgCl+2NH; 5 Ag(MNH4)3+ CI (2.16)

Thi dy: Néu thém HNO, vao thi can bang ciia phuong trinh (2.16) s& thay doi nhu thé nao?

Giai:

HNOj; la acid manh, acid nay s€ phan tng voi NH,

HINO; + MH; 5 NHj +NO5

Khi thém it HNO; vao s€ lam giam NH;. Viée giam nodng do NH; s& lam phan ng (2.16) xay ra
theo chiéu tao ra chat phan tng, giam d6 tan AgCl.
6. BAI TAP VE CAN BANG HOA HQC
6.2. Xir Iy cac hiang s can bang

Dé thuan tién cho viéc tinh todn cac hang s6 can bang nguoi ta c6 thé xur Iy cac hang s6 can bang
theo cac cach sau day:

- Ttr phan tmg da cho néu ta dao nguoc phan tng thi hing sd can bang cua phan tmg moi sé 1a
nghich dao cta phan tmg dau. Thi dy, hang so can bang cho phan tng

A+ 3B S5 ABy; K, = 180
[4][B]
La nghich dao ctua phan ting
2
AEQ‘—T}_':L-FEB? KE =L= [A][E]
K, [AR;]

- Néu cong hai phan u‘ng v6i nhau dé tao ra phan tmg moi thi hang s6 can bang ciia phan tng
moi 14 tich s6 cua hing s6 can bang ciia cac phan g ban dau.

A+C5AC; K, -89
[A][C]

AC+CSAC, ; K,- LAC,]
[AC][C]

[4C] | [ACs] _ [ACy]

ATICSACH B =Kk = 0 TaciC]  [alcP

6.2. Bai tap vé tinh ap suit cin bang riéng phin
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Hing s6 can bang K, d0i véi phan (g sau PCl(k) 5 PCly(k) + Cl,(k)

14 1,05 & 250 d C. Néu 4p suat riéng phan & trang thai can bing ctia PCl, va PCl, 1an luot 1a 0,
875 atm va 0,463 atm thi 4p suét riéng phén & trang thai cAn bing cua Cl, & 250 d6 C 1a bao nhiéu?

Giai: truge tién tinh K
Pp P 0,463(F,
R, = PCPCL g5 (0.463)(Fg, )
Ppe, (0.875)

_ (LO5)(0,875) _

1,98t
(0,463)

Cly
6.3. Bai tip vé chuyén doi K. thanh K,

K.: hang s6 can bang theo nong do.

Kp - hing s6 can bang theo 4p suét ting phan cta khi .

Chu y: theo phuong trinh: aA (k) % bB (k) thi K = 2 vaKp="—
[4] [P&]

Theo phan tng N, (k) + 3H,(k) 5 2NH;(k)

Gid tri cia K '=4,3.10 ¢ 375 do C. Hay tinh K.

K

Gidi Kg= ——X

(0,0821T)

vi T0 = 293 Kelvin va An = s6 mol san pham khi — s6 mol chét khi tham gia.

Nén ta c6 TO = 648 Kelvin va An=2-4 =-2

-4
K= 4310 12

(0,0831.8487°

6.4. Bai tap vé dw doan chiéu ciia phan tng

Mbt phan tmg da cho & lic bat dau ¢ 0,249 mol khi N,; 3,21.1072 mol khi H, va 6,42.10% mol
NH; trong mot binh chira 3,5 1it ¢ 375 d6 C. Néu hang s6 can bang K~ doi voi phan tng N, (k) +3
H, (k) 5 2NH; (k) c6 gia tri 1a 1,2 ¢ nhiét dg nay thi:

a) Hay giai thich 13 hé thong nay c6 can bang hay khong?

b) Néu khong thi phan Gmg s& ¢6 khuynh hudng di chuyén theo chiéu nao?

Cic buée tién hanh

Goi Q- (Quotient réactionnel) la dai luong thu duge khi sir dung cac ndng do ban dau trong biéu
thire hang s6 can bang. Be xac dinh chiéu phan ng thi so sanh Q- va K. C6 3 truong hop xay ra:
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-Qc> K Ty s6 giita cac ndng do ban dau cua san pham va chat tham gia qua 16n. Bé dat duoc

cén‘b?mg, mot lwong nao dé ctia san pham phai chuyén thanh chat tham gia. Phan tmg di chuyén theo
chi€u trai.

- Q¢ > K Phan img dang ¢ thoi diém can bang .
- Qe <K Ty sO giita cac ndng do ban dau cta san pham va chat tham gia qua nho. Pé dat duoc

cén‘b?mg, mot lwong nao d6 ctia chat tham gia phai chuyén thanh san phim. Phan tmg di chuyén theo
chiéu phai.

Néu trudng hop hang sé st dung 1a Ky thi tinh Qp.
Giai

Iy () + 3Hz (k) 5 21Hsk)

Myl = % = 0,0711 M
(Halo = % =917.103 M
[MHzlo= 6’24;22211101 =183 x 10
[(MHsJg _ (183x107%° =0,611=0Q¢

[N, 1,[H, 2 (0,07113(8,17 x107%)3
- Q¢ <K H¢ khong can bang va phan tmg di chuyén theo chiéu phai.

6.5. Bai tap vé tinh hang so cin bing
Mot hé gém mot cap déng phan hinh hoc trong mgt dung méi hiru co ma he‘ing sb can be‘ing Ke=
24,0 6200 do C
Cis — stilben & Trans - stilben

(Gia dy rang lac dau chi c6 Cis — stilben ¢6 mat va nong do 1a 0,850 mol/I. Hay tinh ndng do cua
2 dong phéan nay ¢ thoi diém céan bang.

Cic bwée tién hanh:

Budc 1: Dién td nong do can bang cua tat ca cac chat theo nong do ban dau va chi bang mot an

SO.

Budc 2: Dién ta hang s can bang theo ndng d6 can bang. Gia trj ciia hing s6 cin bang biét duoc
s€ dung dé giai phuong trinh theo x.

Budc 3: Sau khi x4c dinh gia trj x, tinh ndng d6 cn bang cua tit ca cac chat

Cis — stilben 5 Trans — stilben
Nong d6 ban dau (M) 0,850 0
Thay d6i vé ndng do (M) -X +x
Nong d6 can bang 0,850 -x X
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Thay doi (+) chimg t6 sy ting 1én va thay ddi (-) chimg t6 sy gidm nong do. Tiép dén 1a viét bicu
thirc hang s6 can bang theo nong dg can bang:

[Trans —stiben ]

[Cis — stilben |
24 0= ——=

0,850 —x
x=0,816 M

Pap sb: a) [Cis — stilben] = 0,034M; b) [Trans — stilben] = 0,816M
6.6. Bai tap vé tinh dd tan ciia mdt chat trong nwéc

Khi mot hop chét khong tan nhu Pb(10;), dugc cho vao dung dich, mot phan chat ran sé tan ra.
Can bang dat duoc khi ndng do Pb*" va IO3 dii dé théa man do tan san phim déi véi Pb(105),. O

diém can bang, dung dich bi bao hoa bsi Pb(10;),. Lam thé nao dé xéc dinh dugc néng do cia Pb>*
va I05 va do tan cua Pb(10;), trong dung dich bao hoa khi cho Pb(I105), vao nude cét.

Pé tién hanh giai bai toan nay ta viét phan tmg can bang:

Pb(10;), 5 Pb** +2103 (2.17)
Va hang s cAn bang cta né

K, =[Pb*[1035)¢ = 2,5x107" (2.18)

Khi can bang duoc thiét 1ap, hai ion IO3 dugc tao ra twong tmg véi mdi ion Pb2+ Néy ching ta

gia dinh ndng d6 mol cia Pb2" & diém can bang 13 x thi ndng d6 cua IO3 1a 2x.

Pbl, S ppt + 2103
Noéng do ban dau Chét ran 0 0
Thay dbi vé ndng @6  Chat ran X +2x
Nong do can bang Chét ran 0+x=x 0+2x=2x

Thé ndng d6 can bang vao phuong trinh (2.18)
x)(2x)?=2,5x10"13
4x3=25x10"13
x =397 x 107
Do d6 nong d6 can bang ctia Pb2+ 3 105 1a
[Pb2T]=x=4,0x 10" M
[[1=2x=7,9%x10°M
Vi mét mol Pb(IO3)2 chita mot mol Pb2*, d6 tan cua Pb(105), bang ndng do cua Pb2*; theo do
do tan ctia Pb(105), 1a 4,0 x 10° M.
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6.7. Bai tap tinh d¢ tan ciia mot chit trong dung dich c6 ion cung tén

Truong hop trén la tinh toan d¢ tan cua Pb(105), truc tiép trong nudc cit va chat ran 1a ngudn
duy nhét cung cap Pb2* va 103 cho dung dich. B§ tan ctia Pb(105), s€ bi anh huong nhu thé nao néu
chung ta thém né vao dung dich Pb(NO;), 0,1M?

Thiét 1ap bang theo ddi ndng do clia Pb2+ 3 I3 trong hé thdng.

Pbl, S ppt + 2103
Néng dd ban dau Chét rin 0,10 0
Thay dbi vé ndng dd  Chat ran X +2x
Nong do can bang Chét ran 0,10 +x 0+2x=2x

Thé ndng d6 can bang vao biéu thirc d6 tan san pham cua phuong trinh (2.18)
(0,10 +x)(2x)* =2,5x 10713 (2.19)
hay 4x3 +0,40x%=2,5x 10713

Ching ta s€ van dung hiéu biét vé hoa hoc dé don gian hoa phuong trinh. Tir nguyén 1y Le
Chatelier, doan rang nong do Pb2+ 1§ ban diu s& lam giam do tan cua Pb(I0O5),. Trong truong hop

b2+

nay co thé suy doan nong do can bang cua Pb“" s¢€ rat gan vdi nong do ban dau cua no; theo do su

wdc tinh sau ddy vé nong do can bang cua Pb2t 1a hop Ly
[Pb%T]=0,10 +x ~ 0,10 M
thé vao phuong trinh (2.19)
(0,10)2x)*=2,5x 1013 = 0,4x2=2,5x 10713
va giai thu duoc x 1a
x =791y 107

Trude khi chip nhan nghiém nay, hiy kiém tra dé xem sy udc luong co hop 1y khong. Trong
truong hop nay udc lugng 0,1 + x = 0,1 dudng nhu hop 1y vi sy khac nhau gitra hai gia tri co thé bo
qua. Do d6 ndng d6 can bang cua Pb2* va I05 1a

[Pb2"]=0,10 +x ~ 0,10 M
[[]=2x=1,6x10°

Do tan cua Pb(IO3)2 bang sy bd sung cua Pb2* trong dung dich hay 7,9 x 10”7 mol/l. bung nhu
suy doan, do tan cua Pb(IO0;), bi giam trong dung dich c6 chira mot trong nhiing ion cua nod. Piéu
nay duoc goi la hiéu ting ion chung.

7. KET LUAN

Chuong nay da trinh bay cac loai phan Ung, khai niém vé su can bang hoa hoc, hing sd can

bang, hoat d9, nong do dé mo rong hiéu biét vé can bang hoa hoc. Tir chuong nay hoc vién s& co thé

hiéu mot cach tong quat can bang hod hoc cua cac phuong phap sir dung trong hoa hoc phan tich dé
van dung trong tinh toan.

file://C:\Windows\Temp\kwcijklckga\hoa phan tich.htm 04/01/2013



Bo Y te - Hoa phan tich Page 30 of 225

TU KHOA
Phan g hod hoc Nong do
Can bang hoa hoc Hé s6 hoat do
Hing s can bang Hang s6 phan ly
Hoat @6 Hfmg s6 bén

CAU HOI LUQNG GIA

1. Neéu dinh nghia phan trng hod hoc va trinh bay cac loai phan ing hoé hoc?

Thé nao 1a can bang hoa hoc? Céan bang vat 1y? Néu thi du cu thé va giai thich.
Tai sao nguoi ta cho rang can bang hoa hoc 14 cin bang dong?

Nong do 1a gi? Hoat do 13 gi? Trong truong hop nao 2 dai lugng nay gidng nhau?
Neéu y nghia ctia hé s6 hoat do.

Trinh bay céc cong thirc tinh hang s6 cin bang theo hoat do, theo nong do.

N kD

Néu cac yéu t6 anh hudng dén hé théng can bang hoa hoc.
CAU HOI TRAC NGHIEM
1. Phan tng thuan nghich:
a. ¢6 thé xay ra ¢ thé khi hoic long d. chi a va ¢ dung
b. c6 thé xay ra ¢ thé ran hoic long e. ca ba cau déu dung
c. & nhiét do, 4p suat nhét dinh thi thanh phan hdn hop ¢ trang thai can bang 1a khong doi
2. Cach thong thuong biéu dién niang luong ty do cta phan tng bang ham sd
a. nang luong tu do Gibb c. bién thién entropy
b. bién thién enthalpy d. T student
3. Cac yéu t6 anh huong dén hang s can bang cia phan tng la:
a. ndng do cac chit tham gia phan tng.
b. nhiét do, ap suit.
c. dung moi.
d. ndng d6 ctia san pham tao thanh.
e. tit ca déu dung
4. Pé xir Iy cac hang s6 can bang ta c6 thé lam theo cac cach:

a. dao nguoc phan Gmg thi hiang sb can bang ctia phan Gmg mdi s& 1a nghich dao cia phan tng
dau.

b. cong hai phan tmg véi nhau dé tao ra phan u‘ng moi thi hang s6 can bang cua phan tng méi
1 tich s6 ctia hang s6 cin bang cua cac phan tng ban dau.

c. Nhén hai phan Gmg véi nhau thi hing s can bang méi s& 13 tong cua cac hang s6 can bang
ban dau.
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d.avab

5. Cén bang hoa hoc 1a trang thai......... . ma trong d6 chat tham gia phan tng va san pham chuyén
do61 lién tuc cho nhau. Téc d6 mat di va xuat hi¢n cua chung bang nhau.

a. dong c. tinh e. long
b. dung yén d. khi
BAI TAP

Néu hang s can bang K. ddi voi phan tmg 2NO(k) + CLy(k) 5 2NOCI(k) c6 gia trj 14 6,5 x 10*
& 35°C. Gia sir nguoi ta tron 2,0 x 102 mol coa NO:; 8,3 x 1073 mol coa Cl2 va 6,8 mol NOCI trong
mot binh cau 2 lit thi phan tng dat dén can bang di chuyén theo chiéu nao?

Chuong 3
SU DUNG THONG KE
TRONG PHAN TiCH SO LIEU

MUC TIEU

— Trinh bay dvoc khdi niém vé sai s6, cac dai lwong ddc trung cua toan thdng ke.
— Ung dung todn thong ké dé xir Iy cdc két qua thu dwoc tir thire nghiém.

— Trinh bay két qua phdn tich dam bado dwoc mirc dé chinh xdc theo yéu cdu.

NOI DUNG
1. MO PAU

Khi tién hanh phép phan tich véi mot mau bat ky, qua do bao gio chung ta cung c¢6 duoc cac két
qua (s6 lidu) tir thuc nghiém. Cau hoi duoc dat ra 1a: s6 liéu thu duge ¢ gan vai gia tri thuc co cua
mau khong? Qua trinh phan tich ¢4 mac phai sai s6 khong? Gia tri thyc nam & khoang nao cia cac sd
li¢u thuc nghiém? v.v..

Sai s6 trong phan tich 1a khong thé tranh khoi, tuy nhién trong qua trinh phan tich can khéng ché
sai 6 0 mirc thap nhat c6 thé, co nghia la két qua thu dugc khi tién hanh mot phép phan tich luon
luén mic phai sai sO. Gia tri thyc ciia mau do 1a dai lugng khong thé xac dinh, nhung néu xac dinh
dugc cac sai so trong qua trinh phan tich thi c6 thé udc luong gia tri thyc ndm trong khoang nao cua
gia tri thuc nghiém. Vi vay viée xu li két qua sau qua trinh phan tich la ludn ludn can thyc hién, qua
do danh gia két qua thu duoc dung va chinh xac dén murc do nao. Thong thuong can tién hanh phan
tich nhiéu 1an va ap dung toan théng ké dé danh gia do tin ciy cua s lidu véi mirc do xac suat duoc
an dinh trudc.

2. MOT SO PAI LUQNG PAC TRUNG TRONG THONG KE
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2.1. Gia trj trung binh (X;;)

n
x.
X - 1; ! 3.1
= I
Trong do: n: 1a téng s6 1an do; i : giatridoduocthui(i=1,2,3,...,n)

Thi dy 1: ham lugng cua dung dich KMnO, dugc xac dinh sau 7 lan chuan do:

3,080; 3,094; 3,107; 3,056; 3,112; 3,174; 3,198 (g/1)

Mg = E =3117 (g/1)

2.2. Phuong sai S? (VARIANCE)

MBJi 1an do chung ta s& duoc 1 gia tri X; va gia tri nay co thé nho hon hay 16n hon so voi gia tri
trung binh X, . Hiéu ctia hai gia trj ndy c6 thé 1a mot s 4m hay dwong va khi tong cac hiéu lai c6 thé

bang sO khong Néu gia tri tuyét ddi cua hiéu cang 16n thi s6 binh phuong s& cang 16n va cang cho
thdy 1éch cang nhiéu. Do véy dai luong phuong sai dugc dé cap

_Z(xi - Xy )"
Céng thiye:  §%2 =132 (3.2)
(n-1j

2.3. Pj léch chuin (sd: standard deviation)

Do 1éch chuan la dai lugng cho biét mirc d6 dao dong gilra cac gia tri x; so v6i gia tri trung binh
X, Pay 1a dai lwgng ddc trung cho d phén tin cia s ligu (x;) va thé hién mic do cua sai s ngau
nhién.

Cong thuec tinh:

i(xi_xtbjg 2 _ 2
D=4 o SD=\/ZX‘ (2%,) /n (3.3)

n-1 n-1

SD: d¢ 1éch chuén; n: sd 1an thuc nghiém; (n — 1) dugc goi l1a bac tu do.
2.4. Pj léch chuin twong ddi (RSD: relative standard deviation)

Do 1éch chuan twong dbi 1a ti s gitra do 1éch chuan so véi gia tri trung binh. RSD thé hién gia tri
1éch rd hon SD vi dugc so sanh véi gia tri trung binh th.

Cong thuec tinh:

8D
R8D ==
X, (3.4)
RSD c6 thé dugc tinh bang ti 16 phan trim RSD% hay con goi 1a hé s6 bién thién CV
(Coefticient of Variation):

(3.5)
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ov = 50 1400,
X

th
Nhu vay, ta c¢6 thé tinh CV dua trén d6 1éch chuan va nguoc lai.

Thiduy:theothidu 1,n=7, th =3,117

(3,080-3117)% = (—0,037)% = 0,00137

(3198 - 3117)% = (+0,081)% = 0,00656
0,00137 + 0,00053 + 0,00010 4 0,00372 + 0,00003 + 0,00325 + 000656 = 0,01556

oD =, 0’01556=D,051 RSD=@=D,U1.6
7-1 3,117

Es5DW=CV = 0.051
3117

% 100% =1,6%

2.5 Giéi han tin cdy va khoang tin cay

S6 1an do n cang 16n thi gia tri Xy, cang gan voi gia tri thue M, nhung trong thuc té ta chi thuc
hién n lan do va trong thong ke thi xac suat bat gap thuong an dinh trudce la 95%, nén gia tri X, s&
nam trong gioi han c¢6 thé chap nhan dugc goi la gidi han tin cay.

- Gidi hgn tin cdy e (Confidence Limit). Hay noi cach khac e la gioi han hai bén cua X,y c6 chira
gia tri M & mirc tin cdy 95%.

& dwoc tinh theo céng thie: e = i@ (3.6)

Ny

Trong d6 t dugc tra tir bang Student (3.1). Gia tri t phu thude ye‘lo sd bac twy dok =n— 1 va vao
muc xac suat dugc an dinh P. S6 1an thuc nghiém cang nho, xac suat P cang 16n thi gia tri t cang cao.

Bang 3.1. Bang gia tri ciia chuan Student t

v | % | m | om | o
1 6,31 12,71 31,82 63,66
2 2,92 4,30 6,96 9,92
3 2,35 3,18 4,54 5,84
4 2,13 2,78 3,75 4,60
5 2,02 2,57 3,36 4,03
6 1,94 2,45 3,14 3,71
7 1,89 2,36 3,00 3,50
8 1,86 2,31 2,90 3,36
9 1,83 2,26 2,82 3,25
10 1,81 2,23 2,76 3,17
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12 1,78 2,18 2,68 3,05
14 1,76 2,14 2,62 2,98
16 1,75 2,12 2,58 2,92
18 1,73 2,10 2,55 2,88
20 1,72 2,09 2,53 2,85
30 1,70 2,04 2,46 2,75
50 1,68 2,01 2,40 2,68
0 1,64 1,96 2,33 2,58

Nhu vy gia tri X, con cach gia tri thue M mot gidi han + e hay con goi 1a khodng tin cdy
(Confidence Intervals):

= i +@ (37)
H t:l:-—‘JH :
X, tE‘:D{M{KertE‘:D

Thi du: vo1 thi du 1, gid tri e dugc tinh:

E:itXSD =i2,45><0,05:[],04? ;E:i0,04?

= 7

Ung v6i P =0,95 van =7 thi t;; = 2,45 nén ham lugng KMnO nam trong khoang 3,117 + 0,047
(¢/1) tirc gia tri thuc M nam trong gi6i han 3,070 + 3,164 (g/1).

3. SAI SO TRONG PHAN TICH

V&i mot mau c6 gia tri thuc 1 M, vi cic nguyén nhan khac nhau ta khong thé xac dinh dung gia
trt M d6 ma chi xac dinh duogc gia tri trung binh giita cac lan do lap lai. Thuat ngit sai sé6 duoc dung
dé dién ta mac do sai 1éch ciia phép do, nd thé hién d6 1éch giira cac gia tri thuc nghiém X; v61 nhau,

voi gla tri trung binh va véi gia tri thue cia mau. Trong phan tich ta chi ¢6 gang thuc hlen sao cho
sai s0 1a nho nhit, cac gia tri thu duoc tir thyc nghiém nam trong khoang chap nhan chir khéng thé
logi trir dwgc hoan toan sai sd.

Khi trinh bay vé két qua bang so li¢u, cac tai li¢u co thé dé cap dén 2 loai 1a sai s6 tuyét doi va
sai sO tuong doi.

3.1. Sai s6 tuyét doi €
Vé6i M 1a gia tri thuc ctia mau thtr can xéc dinh, x; 1a gia tri do dugce tir thyc nghiém:
Gia tri X thuong khac véi gia tri thue M ctia mau do. Khin —» oo thi Xtb — M.

Sai sb tuyét ddi 1a hiéu gitta gia tri trung binh Xy, va gia tri thue M. Thong thuong khong thé xéac
dinh duoc gia trj thyc ma chi chap nhan gi4 tri déng tin cdy nhat trong day sd liéu d6 1a X, hay mot
cach gan dung 13 hiéu cua gia tri do duogc va Xip:

M: gi4 tri thuc cia mau do € : sai sO tuyét doi
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Cong thirc tinh sai s tuyét doi: € = Xtb - M hay & = x; - X, (3.8)
Sai s6 tuyét ddi c6 thé 1a s6 am ciing 6 thé 1a s6 duong.
3.2. Sai s6 twong déi S

Sai s6 twong dbi S 1a ti s6 gifta sai s6 tuyét d6i € va gia tri thuc M hodc gia tri trung binh Xip:
Thong thudng sai s6 twong dbi dugc biéu thi dudi dang phan tram.

L) [ Iy E -
Cong thitc tink: § = -100% hoac5=i100% (3.9)

_ Thi du: ham lugng thyuc cua Paracetamol trong vién nén la 500,2 mg; Codein 1a 30 mg. Sau khi
tién hanh xéac dinh theo phuong phép sac ky 1éng hi€u ndng cao cho thay ham lugng Paracetamol la
500,9 mg va Codein la 30,7 mg.

*  Sai s0 tuyét dbi khi xac dinh hai hoat chét trén 1a nhu nhau: + 0,7 mg.

Sai s6 tuong d6i thi khac nhau:

+0,7 0,7

Wi Paracetamol: 5= ; 100% =0,14% , véi Codein 5= 4-3—6100% = 3,348%

H

Nhu vay sai s6 twong doi thé hién ré hon do ding ctiia phuong phap, véi thi du trén cho thay
phuong phéap nay xac dinh ham lugng Paracetamol dung hon ham lugng cuia Codein phosphat.

Khi trinh bay vé nguyén nhan dan dén cac ket qua thu duoc trong qua trinh thuc nghiém bi léch
nhau. Céc tai liéu thudng dé cap dén 3 loai sai sd: sai s6 ngdu nhién, sai s6 hé thong, sai s6 tho.

3.3. Sai so0 ngau nhién (random error)

Sai 6 ngdu nhién hay con goi la sai s6 khong xdc dinh 13 sai s6 gy nén boi nhitng nguyén
nhan khong xac dinh duoc, khong biét trudc, khong cd dinh, thay doi khong theo quy luat nén khong
thé hiéu chinh hay loai trir ma chi c6 thé han ché bang cach ting s6 lan phan tich va thao tac mot
cach can than, dong thoi déanh gia cac sb liéu thuc nghiém bang toan hoc thong keé.

3.4. Sai s6 hé thong (systematic error)

Sai s6 hé thong hay con goi la sai so xac dinh 1a sai s6 bi€t 10 nguyén nhan va co6 thé hiéu chinh
duogc. Sai s0 nay thuong do cadc nguyén nhan sau:

- Sai s6 do méu do: gay ra khi mau phén tich khong dai dién. Viée lay mau 1a tap hop cac thao
tac nham 1ay mot lwong mau dai dién da dé tién hanh phan tich, dong thoi viéc 14y mau can tuan theo
cac thu tuc quy dinh.

- Sai s0 do dung cu: du it hay nl}iéu thi tit ca cac dung cu do ludng ludn co sai s6 hé théng. Sai
s0 nay la do qua trinh ché tao va chuan hoa dung cuv.v...

Thi dy: - Cac dung cu do luong thong thuong nhu plpet chinh xdc, buret, binh dinh muc la cac
dung cu dung dé liy thé tich chinh xac nhung do trong qua trinh ché tao hodc str dung khong ding
quy dinh c6 thé gay ra mot sai s6: thé tich ctia mot buret 25 ml ¢6 sai s6 12 £0,03 ml c6 nghia 1a thé
tich that sy cua buret la nam trong khoang [24,97 — 25,03] ml; binh dinh mire ¢6 thé tich 1a 100ml
nhung néu thuc té chi ¢6 99,90 ml thi sai so 12 99,90 — 100,00 = - 0,10 ml.

Sai s6 dung cu thuong dé phat hién va hiéu chinh duwoc bdng cach dinh ky chudn hod cdc dung
cu trong phong thi nghiém.

- Sai s6 do phwong phap do: phuong phap do ludng cling gay ra sai s6 hé théng. Vi vay, khi ap
dung mét phuong phap méi dé€ phan tich luén luoén phai xay dung va tham dinh quy trinh dé ching
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minh mdt cach khoa hoc ring sai s6 cta phu’omg phap 1a rat thap va co thé chép nhan dugc. Sai
s6 do phuong phap thuorng kho phat hi¢n va la nguyén nhén chinh gy ra sai s6 h¢ thong. Thong
thuong dé phat hién sai s phuong phap cé thé tién hanh theo céac cach sau:

- Thiee hién song song mau trang dé logi cdc ddp iing gdy ra do cdc chat khéng can phan tich.
- Phadn tich mdu chudn dé kiém tra dé ding ciia phirong phdp.

- Phdn tich cting mot mau nhung bd’ng phirong phdp dw kién va thuc hién song song véi it nhat
mot phwong phap khac va so sanh hai ket qua.

- Sai s6 do nguoi lam cong tac phan tich: nguoi 1am cong tac phan tich doi hoi phai co ky nang
nghé nghiép va kinh nghiém phan tich. Sai s0 do ting ca nhan 1a diéu khong tranh khoi, mdi ca nhan
c6 mdt kha nang riéng veé quan sat su thay doi mau cua dung dich; quan sat diém tuong du’omg trong
chuan do; doc vi tri muc nudc gitra hai vach; doc tin hi¢u do dugc tr may moc; hoac do cau tha; do
dinh kién... déu dan dén sai sb.

Sai s6 do cd nhdn cé thé khNaJC phuc dwoc khi thao tic ding theo quy dinh va nhiéu kiém nghiém
vién thuc hién trén cung mot mau thur.

XAC PINH SAI SO HE THONG

B?lng cach xac dinh mau chuin di biét ham lugng, gia tri M coi nhu biét trudc, X thu dugc tir
thuc nghiém. Pé so sanh su 1’<héc biét gitra gia tri M va Xy, (trong truong hop tham dinh phuong
phap mdi) thuong sir dung thong ke tinh gia tri t, 161 so sanh vdi t;, theo bang (3.1) can cur vao bac
tu do (n — 1) va xac xuét P (95%).

Néu t, <t,,, két luan khong tim thdy sai s6 hé thong

Néu t > Yo két luan phuong phap c6 sai s6 hé théng
tn

[Xth - M|
B 3.10
D n (3.10)

Thi dy: gia sit mau thir KMnO 4 trong thi dy 1 ¢6 ham luong that M la 3,110 mg. Hay xét xem
phuong phap c6 sai s hé théng khong?

|3 117-8 110|
t 0,3786
70,051 T

t,, = 0,3786 <t = 2,45 nén két luén phuong phap khong c6 sai s6 h¢ théng (P = 95%).

Thi du: trudc khi phan tich dé xac dinh ham luong cua Na2C03 c¢6 trong mau thir, mot sinh vién

cO y tudng kiém tra lai quy trinh phan tich xem c6 sai sO hé thong hay khong bang cach phan tich
mot mau da biét ham luong M = 98,76%. Céc két qua thu duoc sau 5 lan thyc hién:

98,71(%) 98,59(%) 98,62(%) 98,44(%) 98,58(%)

X, =98,59 5D =0,0973 t, = 9808 98 76] = _ 341

—2.7%
" 0.0973 B

Nhu vy t,, =2,78 <t = 3,91, két luan phuong phap ¢4 sai s6 h¢ théng (P=95%).

3.5. Sai s6 tho (gross error)
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Ngoai ra con c6 sai sd tho 1a sai sO khi két qua gitta cac lan do lap lai khac han so véi cac gia tri
trung binh hay gia tri thuc cua mau. Sai s6 thd do nhiéu nguyén nhan khac nhau: do doc két qua do
sai, lay nham qua can, v.v... Dé phat hién va loai trir sai sb tho can phai tién hanh phan tich nhiéu lan
trén mot mau do (n > 6) va loai di nhitng gi tri bit thudng theo nhimng quy tic nhat dinh.

Loai trir sai so tho

Thuc té sau khi tién hanh phan tich thuong thu dugc mot day cac s6 liéu, doi khi c6 mot vai sé
lidu co gia tri khac han: hodc cao qua hoic thap qua, nhitng s6 liéu nay dugc goi 14 sai sd thd hay sd
lidu x4u. C6 hai cach dé gitp chung ta kiém tra xem nén giir lai hay loai bé ching: ding chuan
Dixon va dung bang kiém
dinh T.

3.5.1. Phwong phdp diing chudn Dixon (chuin Q)
Str dung khi n < 10, gdm céc budc nhu sau:

- Bude 1: sip xép cac sd liéu theo thtr tu ting dan hodc giam dan: X, ., X, trong do x, 1a

3’
sO liéu nghi ngd 16n nhat (max) hay nho nhét (min), X, la s0 liu 1an can cua sb lidu nghi ngo.

|x1—x2|

Xmax ~ ¥pon

- B 2: ding test Q dé tinh gié tri Q,: @ = (3.11)

- Buée 3: so sanh gia tri Qtn voi Qlt: Qlt > Qtn thi x; dugc gitr lai
Qy < Qy, thi x, bi loai bo

Qy dugc tra tur bang (3.2) voi s6 1an do n va xac suat bit gip P thong thudong 13 95%.

Bang 3.2. Bang kiém dinh Q chuan DIXON

P
" 0,1 (90%) 0,05 (95%) 0,01 (99%)
3 0,941 0,970 0,994
4 0,765 0,829 0,926
5 0,642 0,710 0,821
6 0,560 0,625 0,740
7 0,507 0,568 0,680
8 0,468 0,526 0,634
9 0,437 0,498 0,598
10 0,412 0,466 0,568

Thi dy: ta c6 day s6 lidu sau 17,61 16,86 16,93 16,84 16,95 16,91

Buéc 1: sap xép theo thir tw 16,84 16,86 16,91 16,93 16,95 17,61; ta thiy s6 liéu nho nhét Ia
16,84 (14n can 1a 16,86) va s6 liéu 16n nhat 1a 17,61 (14n cn 1a 16,95) thuong 1a hai s6 liéu dang nghi
ngo.

w=[}? G Qm=w=—0,03
17,61-16,84

Bube 2: tinh gié tri -
woc 2: tinh gid tri Q, Qin 1T 61-16.34
Buorc 3: trabang (3.2) véin=6; P =0,95
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Q,; (= 0,625) < Q, (= 0,86) nén gié tri 17,61 bi loai bo
Q,; (= 0,625) > Q. (= 0,03) nén gia tri 16,84 duoc git lai

3.5.2. Phwong phdp diing bing kiém dinh T

Str dung v6i n bat ky. Sai s6 tho thuong roi vao cac gia tri cuc dai hay cuc tiéu cua day sb lidu, ta
tinh T, | theo cong thirc sau:

(X e — Kyp, )
G A= | L S 1 3.12
m sD (3-12)
(X — Ky )
T = min 3.13
m 5D (3-13)

Can ctr vao s6 1an do n va vao xac suat an dinh trude P, tra T}, theo bang (3.3).
T, < T, thi s0 liéu nghi ngo 1a sai s6 thd bj loai bo
T, > T, thi s liéu nghi ngd 1a sai s6 thé dugc gii lai

Bang 3.3. Gia tri t ciia bang kiém dinh T véi P = 95%

n Ty n Ty

3 1,412 11 2,343
4 1,689 12 2,387
5 1,869 13 2,426
6 1,996 14 2,462
7 2,093 15 2,493
8 2,172 16 2,523
9 2,237 17 2,551
10 2,294 18 2,623

Thi dy: v6i day sb liéu 16,84 16,86 16,91 16,93 16,95 17,61
Véin=6; Xy =17,02; SD =0,292; P =0,95 ta c6 T}, = 1,996
_(17.61-17.02)

Wl glatn 17,61 Ty, = = 2,02
0,292

Wi giatr 1684: Ty = 17,02 1684 = 0,61
0,252

Ty (=1,996) < T, (=2,02) nén gia tri 17,61 bi loai bo.

T, (=1,996) > T, (=0,61) nén gia tri 16,84 dugc gitr lai.

4. TOM TAT CAC BUOC TIEN HANH KHI XU LY SO LIEU

Bueée 1: sap xép diy sb lidu thu duogc theo thi tu ting hodc giam dan.

Burde 2: loai cac gia tri khong phu hop, loai sai s6 tho.
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Buéc 3: tinh gid trj X,y ; d0 1éch chuan SD, RSD%, xét sai s h¢ thong.
Buorc 4: x4ac dinh gi61 han tin cdy e va khoang tin cay.
Burée 5: bao cao két qua.
Thi dy: theo 6 li¢u clia thi du 1, cac bude tién hanh nhu sau:
Budc 1: 3,056; 3,080; 3,094; 3,107; 3,112; 3,174; 3,198 (g/).
Budc 2: loai sai s6 tho theo chuin Q hodc T: khong loai bo gia tri nao.
Bude 3: X = 3,117; SD = 0,05; RSD = 1,63%

X, - M , ,
by, = %«f—= 0,3786 < ty = 2,45 khéng cé sai 56 he thing,

Budc 4: tmg voi P=95% van=7 — t = 2,45 tinh e ==+ 0,047.

Budc 5: ham lugng KMnO, trong khoang 3,117 + 0,047 (g/1) v6i d0 tin cay P = 95%.

5.SO SANH CAC DAY SO LIEU

Két qua thu duogc tir do ludng thuc nghiém thuong mic phai cac sai s6 hoic ngau nhién hodc hé
thong Gia tri trung binh X thuong chi sat gan voi gia tri thue M, gia tri nay lai nam trong khoang tin
cdy nao do6 voi xac suat bat gap mong mudn.

Vié€c so sanh gitra cac day s6 liéu duge thue hién nho cac bang chuin dé xem céc day s6 liéu nay
1a dong nhat hay khac nhau c6 y nghia giup cho viéc so sanh gitra cac phuong phap, gilra cac nguoi
phan tich va gitra cac 16 san xuat.

Céc van dé thuong gip trong thyc nghiém 1a :

- C6 hai gia tri trung binh X, va X_p thu dugce tir 2 day do doc lap nhau, mét day co n, két qua,
ddy kia c6 ng két qua. Hai gié trj trung binh sai khac khong nhiéu. Phai két luan sai khac nay ¢ dang
ké khong?

- Co mot gia tri phan tich X cua san pham da dugce biét trude qua nhiéu lan 1am thyc nghiém.
Nguoi thye hién phan tich 13p lai phwong phap va can so sanh két qua do dugc X, voi gia tri da biet

trudc X xem khac nhau c6 y nghia hay khong?

- C6 mot 16 thube duoc thuc hién dinh lugng véi 2 phuwong phap khac nhau va cho 2 day két qua
khac nhau. Cac nha phan tich can phai so sanh két qua do dugc trén cung mau bang 2 phuong phap
khac nhau xem c6 khac nhau hay khong?

- Trong truong hop so sanh hai diy két qua:

Stk dung thir nghiém F (F-test) d¢ kiém tra do chinh xé4c hay do 1ap lai cua hai ddy két qua xem
c6 dong nhat hay khong.

Str dung thir nghiém t ( t-test) dé so sanh hai gia tri trung binh xem sy khac nhau giira hai gia tri
nay c6 y nghia hay khong.

5.1. So sanh hai phwong sai

St dung chuén F dé so sanh do chinh xéc (d0 13p lai) cua hai ddy thi nghiém A va B véin,, ng

1a s6 1an thuc hién cia A va B. Phuong sai twong (mg Si va S%. Quy udce Si > S% :
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84

=<t

(3.14)

So sanh Fi, Vol F duoc tra tir bang (3.4). F phu thudc vao bac tu do cua hai thi nghiém A, B va
phu thudc vao mirc x4c suat cho trudce thong thudng 1a P = 95%.

Béng 3.4. Gia tri F cia chuan F (P = 95%)

I 2 3 4 5 6 7 8 9 0 15 20

1 | 6478 7995 8642 8996 9218 9371 9482 9567 9633  968.6 9849 9931 |
2 38.51 1900 3947 39.25 39.30 3933 1936 3937 3939 1940 3943 39.45

3 | 1744 1604 1544 1510 1488 1473 14.62 1454 1447 1442 1425 1417
4 12.22 10,65 0979 9605 0364 9197 9074 8980 8.905 8844 8657  B.S60
& 10.01 g4 1064 7388 1146 6978 5853 6.757  6.681 6.619 6428 6.328
6 | 8813 7260 6599 6227 5988 580 5695 5600 5523 5461 5269 5168
7 8077 6.542 5.890 5.523 5.285 5119 4995  48%9 4823 4761 4568  4.467
8 7571 6059 5416 5053 4817 4652 4529 4433 4357 4295 4101 3,999
] 1209 5715 5008 418 4484 4320 4197 4102 4026 1964 1769 1.667
10 | 6937 545 4826 4468 423 4072 3950 3855 3779 3MT 352 3419
1 6724 5256 4630 427% 4044 3881 3759 3664 3588 1526 1330 3226
12 6544 5006 4470 4121 3891 3728 3607 3512 343 3374 77 3073
13 6414 4965 4347 1096 1.767 3604 3483 3388 3312 3,250  1.053 2.948
14 6298 4857 4242 3892 1663 3501 3380 3285 3.209 1147 2949 2.844
15 6200 4765 4153 3804 3576 3415 3293 3199 3123 3060 2862 2756
16 0,115  4.687 4077 3729 3.502 1.3 3219 3125 3049 2986 1783 2681
17 | 6042 4619 4011 3665 3438 3277 2156 3061 2985 292 2723 266
18 5978 4560 3954 3608  3.382 3.2 3100 3005 2929 2866  L6e7 2.559
19 | 5922 4508 3903 3559 3333 3172 2051 295 2880 2817 2617 2509
20 L8N 4.461 3859 3515 1.289 3128 3007 2913 2837 A7 2.573 2464
o | 5024 3689 3116 2786 2567 2408 2288 2192 2114 2048 1833  1.708

Béc tu do cua A: n, -1; béc tu do cia B: ng — 1
Néu F), > F, : khong c6 sy khéc biét vé do 1ap lai cua A va B.
Néu F<F do 1ap lai cua hai thi nghiém A va B khac nhau.

Thi du: két qua 7 1an phan tich ham luong aspirin bang phuong phap A ¢6 Si =0,00259. Theo 6
lan phan tich bang phuong phéap B 1a S% = 0,00138. Hay xét xem dg chinh xac cua hai phuong phéap
c6 gidng nhau khong?

_0,00259
g 00138 7

Do F} = 6,978 > F, = 1,88: do chinh xac cua hai phuong phap la nhu nhau (P = 95%).

5.2. So sanh hai s6 trung binh

Trong phan sai sé hé thong chiing ta di biét két qua phén tich bi anh hudng chinh boi ba nguyén
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nhan chinh: do mau, do phuorng phap, do kiém nghiém vién. Thyc hién nhiig cap thi nghiém
song song dé tim ra nguyén nhan gay sai sd trong d6 chi mot yeu t6 thay d6i. Thi dy nhu cung thuc
hién song song hai phuong phép khac nhau trén cing mét mau thtr, cing mot kiém nghiém vién roi
so sanh c6 hay khong c6 sy khac biét gitta hai gia tri trung binh cua hai phuong phap nay. Tuong tu

nhu vay so sanh hai gia tri trung binh cta hai kiém nghiém vién hodc cua hai mau do...

Str dung phép thir t (t — test) dé thuc hién cong viéc nay nhu sau:

Két qua phan tich bang phuong phap A co: Xibas SDys Si; n, (s6 1an thyc hién cua A).

Két qua phan tich bang phuong phéap B co: Xipps SDps S%; ng (s6 1an thyc hién cta B)
Buorce 1: so sénh hai phuong sai (phép thu F; F — test)
Buorce 2: co hai truong hop
Trieong hop 1: phuong sai Si va 5§ khong khac nhau, t,, duoc tinh:
|Xt:l:.A - Xt]:.B|
Setumg (11 1a )+ (14 1)

g _ (ns - 1)83 +[ng - 1)85
ettty = Ny +hg — 4

b, =

t;, dugc tra tir bang (3.1) voi d6 tu do (n, + ng -2), P =95%.
Trieong hop 2: phuong sai 53 va 5§ khac nhau, t,, dugc tinh:
Kia ~ Xis]

\,(si /1y )+ (88 np)

t;, dugc tra tir bang (3.1) voi P =95% va dd tu do v dugc tinh theo cong thire sau:
2
2 2
(8% /0, )+ (83 /)] :
Tz £ 2 £ )
(Sﬂ .I"I‘lA) flng +1) |+ (SBan) {(ng+1)

(3.15)

(3.16)

(3.17)

(3.18)

Do tu do ludn 14 s6 nguyén nén gia tri v tinh dugc tir cong thie (3.18) ¢6 gia tri gan sd nguyén ké

can nhat. Thi du: v=5,4 thi d0 tu do 13 5; v=15,9 d6 tu do 13 6.
Burée 3: két luan c6 hay khong c6 sy khac nhau cta hai phuong phap do.
Cho du t, dugc tinh theo cong thirc (3.15) hay (3.17):

Néu t, <t két luan hai phuong phép cho két qua khong khac nhau.

Néu t > b két luan hai phuong phép cho két qua khac nhau.

Thi dy: ham luong cta dung dich KMnO, dugc xac dinh bang hai phuong phap A va B, két qua:

A: 3,080; 3,094; 3,107; 3,056; 3,112; 3,174; 3,198 (g/1)
B: 3,052; 3,141; 3,083; 3,083; 3,048 (g/l)
So sanh hai phuong sai 52 va 52 (chuan F) khong khac nhau.
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Tinh S theo cong thuc (3.16):

chung

S = J(T D, 00259) + (5 - DO, 00188) _ (1o

(T+5-2)
3,117 - 3,081

=1,34
0,0459J(17 T)+(1/5)

by =

¢ dugce tra tir bang (3.1), dd ty don=(7+5-2) =10t =
phu’omg phap A va B cho két qua khong khac nhau (P = 95%).

= 1,34 < t;, = 2,23 nén ket luan hai

Thi dy: ham lugng cta Na,CO, (%kl/kl) duge hai kiém nghiém vién C va D chuan do bang
phuong phap acid-base cho 1an lugt két qua nhu sau:

C D
86,82 81,01
87,04 86,15
86,93 81,73
97,01 83,19
86,20 80,27
87,00 83,94

X = 86,83% Xy = 82,71%
S.=0,32 Sp=2,16
82 (3,167

Soosanh hai pheens sai cta Cwva D Fo= 2L = =
P 5%~ (0,32)°

Do F, =45,6 > F,,= 7,15 nén hai phuong sai C va D khac nhau.

H

86,83 - 82,71

tin diroc tinh theo cong thire (317 t,, =
J[m 323 fe} [(215) frs}

— 4,62

Do tu do v:

[(0,32)2 6+ (2,167 IET

0,32 7€) /(6 + 1]+ [(2 152fe)2f(5+1)]'2=5*3”5

Dot =4,62>t, = 2,57, nén két ludn két qua phan tich cua C va D khac nhau (P= 95%).
6. CHU SO CO NGHiA

S liéu thu duoc tur thyc nghlem c6 thé 1a s6 do truc tiép khi doc trén thang do cua cac dung cu
do luong hodc sé do gian tiép 1a s6 do tinh duoc tir mot hodc vai sé do truc tiép thong qua cong thirc
toan hoc.

Céc s0 liéu nay phai dugc thé hién sao cho nguoi doc hiéu dugc mirc d§ chinh xdc cua chung, vi
vay khi ghi két qua phai tudn theo quy tac vé chir s6 c6 nghia.
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6.1. Chir so c6 nghia (CSCN) trong so do truc tiép

Mot sd do truc tiép co the c6 nhiéu CSCN tin cdy (chit s6 chic chin) nhung duy nhét chi c6 mot
CSCN khong tin cdy (chit s6 nghi ngd) dimg & sau cing ké tir trai sang phai. CSCN phan anh mirc
do chinh xac ctia dung cu do luong.

Thi du:

- Trén thang do cua buret c6 thé tich 1 25ml, vach chia d6 nho nhét 1a 0,1ml. Gia str thé tich tai
diém twong duong khi chuan do la V= 18,75 ml, nhu Vay ¢ 4 chir s6 ¢o nghla la 1;8;7vas. Trong
do 1; 8; 7 1a cac chu sO chac chin va chir s6 5 1a chir s6 ngh1 ngo hay con goi 1a chu s6 khong tin
cay. Chu s6 5 con tuy thudc vao kha ning wée luong ctia nguoi quan sat: co thé doc 1a 2 hodc 4 hodc
Tv.v...9.

- Khi cén trén céan phan tich ¢6 d6 nhay la +0,1 mg, két qua doc duoc 1a 1,2326 g, nhu vay ¢ 5
chir s6 ¢6 nghia trong d6 chit s6 6 cudi cung 1a chir s6 nghi ngd.

-S6 luong CSCN cua mot sb do duoc tinh tir chit sb dau tién khac “0” ké tir trai sang phai. Moi
chit s6 “0” sau CSCN déu tién bat ké & vi tri nao déu la CSCN. Hay néi cach khac, chit s “0” dimg
trudc chit sO “khac 0” dau tién cia mot s6 do khong phai la CSCN. Chir s6 “0” dung gitra hai chir s6
“khac 0” hodc ding sau cung déu 1a CSCN.

Thidy: V=18,75ml: c6 4 CSCN, “5” la CSCN khong tin cay.
M =0,0020 g : c6 2 CSCN, “0” la CSCN khong tin cay.
M =5,06 g:co63 CSCN, “6” la CSCN khong tin cay.
M =0,15 (M/1): ¢6 2 CSCN, “5” 1a CSCN khong tin cay.

Khi muén chuyén d6i don vi do ludng dé thudn loi cho viéc tinh toan két qua do cudi cing, sb
luong CSCN cua so do phai dugce gitr nguyén.

Thi dy: chuyén 0,28 g ra don vi mg. Ta thy 0,28 g c¢6 2 CSCN nén khong thé chuyén thanh 280
mg (3 CSCN) ma phai 1a 0,28.103 mg hodc bing 2,8.10% mg.

6.2. Chir so c6 nghia trong so do gian tiép

Nhu dé dinh ngha, s6 do gian tiép la sérdo tinh dugce tu cac s6 do truc tiép théng qua mot hodc
vai bi€u thirc todn hoc nao do. Sai s6 cua s6 do truc ti€p c6 anh hudng dén két qua cua s6 do gian
tiép nén so do gian ti€p cling phai dugc ghi chép theo nguyén tac cua CSCN.

- Déi véi phép céng va trie: CSCN cua két qua cubi co cliing s chir s6 ¢ bén phai ciia ddu thap
phén c6 s6 CSCN it nhat.

Thi dy: tinh phan tu lugng cua phén tir BaO, v6i Ba = 137,34; O = 15,9994

137,34 + 15,9994 + 15,9994 = 169,3388 duoc lam tron = 169,34

- Poi Vi phép nhan va chia: s6 lugng CSCN cua két qua cudi cung bang sd luong CSCN cua s6
do c6 CSCN it nhat.

_ Thi dy: - 1ay chinh x4c 10,00 ml dung dich acid hydroclorid chua biét ndng do dem chuan dé
bang dung dich chuan d¢ natri hydroxid 0,09876 M. Thé tich NaOH can dung 1a 9,58 ml. Tinh
M

HCI

My = 222878X 958 _ 164612 dwor lam tron = 0,0946 M

10,00

- Doi voi ket qua phai tinh toan qua nhiéu budc: thi chi dugc lam tron két qua cudi cung ma
khong lam tron céc budc trung gian.
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Thi dy: - pha dung dich chuén HCI ¢6 ndng do x4p xi 0,1N dung dé chuan d¢ dung dich NH,OH

c?lrn c6 cac bude nhu sau: pha dung dich chuan HCI cé’néng do xap xi 0,1 N, sau d6 dung dung dich
goc Na,B 407 0,IN d¢ xac dinh lai nong d6 HCl. Lay chinh xac 10ml dung dich Na,B 407 dem

chuén d¢ bang dung dich chuén d6 HCI trén véi chi thi Helianthin dén khi mau chuyén tir vang sang
do cam. The tich HCl can dung 1a 9,75 ml, ndng d6 chinh xé4c cua dung dich acid dugc tinh nhu sau:

10% 0,10
Noqq = ——— "7 = (), 10256
HAd = g 15

Dung acid HCI nay d¢ dinh luong dung dich NH,OH chua biét nong do: 14y chinh xac 10 ml
NH,OH va vai giot chi thj Tashri, nhd HCI dén khi mau chuyén tir xanh 14 sang tim. Thé tich HCI
can dung 13 9,8 ml, ndong d6 dung dich NH 4OH dugc tinh nhu sau:

Do, = wx 17,032 = 1,711866 dwor lam trén thanh 1,7 (/1)

6.3. Cach 1am tron s6 do gian tiép
Céch lam tron s phai tuan theo quy tic chir s6 ¢6 nghia. Cach thirc lam tron CSCN cudi clng
cua phép tinh tuy thudc vao gia tri cua “chit so nghi ngod” ding sau no.

- CSCN sau cung cua so do gian tiép dugc ting mdt don vi néu ding sau no6 1a “chir s6 nghi ngo™
16m hon “5”; néu nho hon “5” thi van gilr nguyén.

Thi du: 71,56 1am tron thanh 71,6
71,54 1am tron thanh 71,5

- Khi “chir s6 nghi ngo” nay bang “5” thi CSCN sau clng cﬁa’sé do gian tiép dugc ting mot don

vi néu n6 13 mot chir s6 “1¢”; néu né 1a mot chir sé “chin” (ké ca sé “0”) thi van gitt nguyén.
Thi du: 71,55 lam tron thanh 71,6
71,05 lam tron thanh 71,0
71,25 lam tron thanh 71,2

TU KHOA
« Sai s8 hé théng, ngdu nhién e Sai s6 turong d6i, sai sd tuyét d6i
e Sai s0 thd e Do léch chuan, do 1éch chuan twong ddi
¢ Gid tri trung binh ¢ (1061 han tin cay, khoang tin cay

CAU HOI LUQNG GIA
1. Giai thich sy khac nhau gitra: sai sO hé théng va sai sb ngiu nhién; sai sd tuyét dbi va sai sd
tuong doi.

2. Trinh bay cac khai niém va cong thic tinh cac dai lugng trong toan thong ké: gia tri trung
binh, do I¢ch chuan, gidi han tin cay va khoang tin cay v.v...

3. Néu cac bude xir 1i két qua phén tich; img dung vao bai tap sau:

Sau 6 1an xac dinh ham luong (mg) cua mot hoat chat trong ché Phém thu duoc két qua nhu sau:
116,0 ; 97,9 ; 114,2 ; 100,6 ; 108,3 ; 104,5. Ham lugng thuc ciia mau phan tich nam trong gi(’yi han
nao? Gia st ham lugng thuc cua mau M = 100,0; hdy tim xem phuong phap c6 sai s6 hé thong hay
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khong?
CAU HOI TRAC NGHIEM
1. Khi tién hanh phén tich 1 mAu bat ky thudng mac phai cac loai sai s
a. Sai s hé thong d. Ca a, b, c déu diing
b. Sai s6 ngau nhién e. Chi b, ¢ diing
c. Sai s6 tho
2. Sai s6 do phuong phéap do dan dén:
a. Sai s6 tho d. Sai s tuyét d6i
b. Sai s6 ngau nhién e. Sai s6 twong dbi
c. Sai s6 hé thong

3. Mot kiém nghiém vién doc nham :ché tich tai diém twong duong khi dinh luong, vy trong
phan tinh toan két qua nguoi ndy mac phai:

a. Sai s6 twong d6i d. Sai s6 hé thong

b. Sai s6 tuyét doi e. Khong cau nao ding
c. Sai s6 tho

4. Loai sai s6 nao c6 thé hiéu chinh va loai trir khi tién hanh phan tich mau?
a. Sai s6 tho d. Sai sb tuyét d6i

b. Sai s6 ngau nhién e. Sai s6 twong d6i

c. Sai s6 h¢ thong

5. Loai sai s0 nao thé hién do dung ctia phuong phéap phan tich?

a. Sai s6 tho d. Sai s6 hé thong

b. Sai s6 ngau nhién e. Cau b va d dung

c. Sai sb tuyét ddi

6. Loai sai s6 nao thé hién do chinh xéac ctia phuong phap phén tich?
a. Sai s6 tho d. Sai s6 hé thong

b. Sai s6 ngau nhién e. Sai s6 twong dbi

c. Sai sb tuyét ddi

7. Loai trir sai s6 tho bang cach:

a. Tra bang Student dé tim T, vaTy d. Cau a va c ding

on

. Dung phuong phép chuan Dixon (test Q) e. Cau b va c dung
c. Dung phuong phap kiém dinh T (test T)

8. Chir s6 c6 nghia (CSCN) trong s6 do truc tiép bao gom:
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a. Nhi€u chir so tin cdy va nhi€u chir s6 nghi ngo d. Cau a va c dung
b. Chi c0 chit s0 tin cay e. Khong cau nao ding

c. Nhiéu chir s6 tin cdy va duy nhat mot chit s6 nghi
ngo

9. Két qua dinh luong sau cliing 1a M = 0,0020 g, s6 do nay bao gom ... chit s6 co nghia:
a. 5 chir s6 ¢ nghia d. 1 chir s6 c6 nghia

b. 4 chit s6 c6 nghia e. Khong cau nao ding

c. 2 chir s6 ¢ nghia

10. Két qua dinh luong sau cing 1a M = 0,0025 g, chit s6 5 1a chit so:

a. Chir s6 c6 nghia tin ciy c. Cau a va b déu ding
b. Chir s6 ¢6 nghia khong tin ciy d. Khong cau nao dung
Phan Il

PHAN TiCH KHOI LUONG VA PHAN TiCH THE TiCH

Chuong 4
NONG PO DUNG DICH
MUC TIEU

— Trinh bay dvoc cac cach biéu thi n(fng do dung dich.
— Tinh dwoc dwong lwong ciia mét chdt trong phan iing.

— Giai dwoc cac bai toan vé nong do dung dich.

NOI DUNG
1. MO PAU
Dung dich 1a mgt hé dong thé gdm hai hay nhiéu cdu tir (phén tir hay ion). Mot dung dich bat ky

déu gdm chat tan va dung moi. Thanh phan cta chét tan trong dung dich duoc biéu dién bang nong
do.
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Néng do 1a mot dac tinh dinh lwong co ban ctuia dung dich.

Nguoi ta biéu thi nong do cua dung dich bang luong chét tan dugc hoa tan trong mot luong xac
dinh dung dich hay dung mai.
2. CAC CACH BIEU THI NONG PQ
2.1. Nong d¢ phan trim (ndng dd bach phan)

2.1.1. Néng dé phan tram theo khéi lwong: C%(kl/ ki)
Biéu thj bang s6 gam chit tan c6 trong 100 gam dung dich
Ky hiéu: C% (kl/kl)

Cong thuce

s (k] Skl = w100 = 2 % 100
( ) x v > 4.1)

I'ﬂl .
m: khdi luong cua chét tan (gam).
m;: khéi Iwong ctia dung dich (gam).
V: thé tich dung dich (ml).
d: khéi luong riéng cua dung dich.
Thi du: Dung dich amoniac 25% (kl/kl) c6 nghia la trong 100g dung dich c6 chira 25g amoniac
Ttr cong thire (4.1), suy ra luong chit tan can thiét

=C%>< my _ C¥%xV.d
100 100

Il

4.2)
e Truong hop pha mét dung dich trong d6 hoa tan m gam chat tan vao b gam dung moéi thi ndng
dd phan tram cua dung dich la:

m

2% (klikly = T
Im

% 100 (4.3)

Thi dy 1: Tinh ndng do phan tram C% (kl/kl) cua dung dich natri carbonat néu can 25 g Na,CO,
pha trong 250 ml nude

Giai:
Trong bai toan nay,
m: khdi luong chat tan=25 g
b: khéi lwong dung méi = V.d=2501 1 =250 (g)
m + b: khdi luong dung dich = 25 g + 250 (g)
Nong d6 phan trim cua natri cacbonat:

OOkl Tkl = — 22 %100 = 9,09%
25+ 250

Thi du 2: Alizarin dugc dung lam thudc thir. Khi pha nguoi ta hoa tan 0,25 g trong 100 ml nudc,
nhu vay nong d6 phan tram C%(kl/kl) cua alizarin s€ la:
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COACL D) = — 22 100 = 2,49%
0,25+100

Trong hoa phén tich, ndng do phan trim dugc coi 1a gan ding, hoa chit duoc can trén can k¥
thuat.

2.1.2. Nong dé phan tram khoi lwong theo thé tich: C%(kl/ tt)

Biéu thi s6 gam chit tan trong 100 ml dung dich
Ky hiéu: C% (kl/tt)

Cong thuce
Ol f 1) = %x 100 (4.4)
Khéi lwong chit tan duoc tinh
Chhx W
m = 4.5)
100

Thi du 1: Khi pha m¢t dung dich glucose wu truong, néu sir dung 200 g glucose pha thanh 1000
ml, nong d6 dung dich glucose tinh theo nong do phan tram:

Coatkl /1) = 222 %100
1000

Ckl Mty = 20
Thi du 2: Dé pha 1 lit dung dich tiém truyén NaCl 0,9%, luong NaCl duoc tinh theo cong thirc:

Cas WV
i =
100
0,9% 1000
m=————
100
m = 9gMal’l

2.1.3. Néong dé phan tram theo thé tich: C% (tt/ tt)

Biéu thi s6 mililit (ml) chét tan ¢ trong 100 ml dung dich
Ky hiéu: C% (tt/tt)
Cong thuce
V
2% (tttt) = — = 100 (4.6)
V1
V: thé tich cta chét tan.
Vi thé tich cua dung dich.

Thi dy: Nguoi ta 1dy 960 ml ethanol tuyét doi pha thanh 1000 ml dung dich. Nhu vdy nong do
cua dung dich con la:

% (tt/tt) = =00
1000

% (tt/tt) = 9B

x 100
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3. NONG PQ PHAN TU (NONG PQ MOL) Cy,

Biéu thi s6 mol ctia chat tan c6 trong 1 lit (1000 ml) dung dich
Ky higu: Cy,

Cong thuce
11
Cyp = —— = 1000
M =37 4.7)

_ CMXW

1000 (48)

m: khdi luong cua chét tan (gam)
M: khoi lrgng mol (khbi lwong phén tir) cia chat tan.
V: thé tich ctia dung dich can pha.

S6 mol cua dung dich duoc tinh:

56 mol = % 4.9
v (4.9)
Thi dy 1: Tinh ndng d9 mol cia dung dich H,S0,,, biét ring d¢ pha mot dung dich c6 thé tich 1a
500 ml, luong H,SO, dam dac can dung 1a 49 gam. Khéi lwgng mol cta H,SO, M =98 g)
Gidi
49
933 500

_ Thi dy 2: Nu6c bién tiéu chuan chira 2,7 g mudi NaCl trong mdi 100 ml dung dich. X4c dinh
nong do mol cua NaCl trong nudce bién.

Gidi:
Khéi lwong NaCl: m = 2,7 (g)
Khoi lwgng mol ciia NaClM =585 ¢
Thé tich cta dung dich V =100 ml
2.7
C =_— =" x1000=046
MBC ™ 58 55100

Mot dung dich chira mot phan tr gam chét tan trong mét lit dung dich dugc goi 13 dung dich
phan tir. Tt dung dich phan tor dugc lay lam don vi, nguoi ta so sanh dung dich dam dac hon: 2M,
3M... hay dung dich loang hon: 0,1M (decimol), 0,01M (centimol), 0,001M (milimol)...

#1000 =1

Crngoy) =

3.1. Nong d¢ dwong luong

Céch biqéu thi nong do duong lugng do nha hoa hoc nguoi Puc Karl Friedrich Mohr phat biéu
muc dich dé don gian hoa cac phép tinh.

Cach biéu thi ndng do nay dua trén khai niém khdi lwrong dwong hrong (duong lugng gam) cia
mot chat.

3.1.1. Duong lwgng gam
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Ky hiéu E gam
Puong luong gam cia mot cht duoc tinh tuy thudc vao ban chét cia phan tng hoa hoc.
3.1.1.1. Truong hop phan vng acid — base

E gam = Phén t gam
H+

e D6i v6i mot acid: Puong luong gam 14 phan tir mol cua acid d6 chia cho sé proton hoat tinh
(H")

Thi du 1: Puong lugng gam cua acid hydrochloric trong phan tng trung hoa la:

HCl + NaOH — NaCl + HzO
My~ 365
E gam = =" =365
a1l g " 1

Thi du 2: Puong lugng gam cua acid sulfuric dugc tinh trong truong hop phan tmg véi NaOH
H,SO, + 2NaOH — Na,SO, + 2 H,O

Mugo, = % =40

BERE T T 2

e Ddi v6i mot base, duong lwong gam 13 phan tir gam cua base chia cho s6 proton hoat tinh
(H") can thiét d¢ trung hoa no.

Thi du: Puong lugng gam cua natri hydroxyd dugc tinh khi phan tmg vé1 HC1
Mywon _ 40

=2 =40
=t 1

E gam yyon =

3.1.1.2. Truong hop phan vng oxy hoa — khw
Dbi v6i phan tng oxy hoa duong luong gam cua bat ky chat nao dua vao phan tng ciing 12 khdi
lwong mol ciia chit d6 chia cho s6 electron (n) cho hay nhan trong qua trinh phan tng

E Phin tr mol cia chit
gatn =
f1

Thi du 1: Trong phan tmg oxy hoa gitra sit (II) va kali permanganat
MWnO ; + 5Fet + 8HY — SFe™ + Mn®* + 4H,0

M
MWnO T —F= o 2 _ Mnly
C4 'EMnO;_ 5
Felt —=Fe™  E 5 =M,

Thi du 2: Phan tmg oxy hod gitta Crot véi Sn?*

- Cry08~
Cr,08 —% oo™ B, =T
Cr0f &
M 24
Il
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3.1.1.3. Truong hop phdn iing tia va phirc chat

e Puong lugng gam clia mot cation duoc tinh bang cach 1ay khdi luong gam cua cation chia cho
dién tich cua cation

Enrong hrong gam = Khéi hxong gam cha cation

S4 dign tich cia cation
* Duong lugng gam cua mot anion la khéi lwong gam cua anion chia cho s dwong luong cua ion
kim loai twong trng d€ tao tua hodc phuc chat.
Thi du:
- Trudng hop 1. Cation va anion c6 cing s6 dién tich

Ba?* + 303 — BaSO4l

Mpa+e 13733

ga.mBag"' - ) 2
B Msof‘ 96
ga.mSOE' - 2 - 2

- Trudng hop 2. Cation va anion c6 s6 dién tich khac nhau

345"+ PO = AP0y

ML
.= —2% _ 108
Ls 1
E _ MPOE‘ _ 98
PO} 3 3

- Truong hop 3. Truong hop tao phtrc gitra cation va anion
Agt + 2CH- — Ag(CH)5

A
+ 102
L= —2 7108
Az 1 1
i MCH' ~
ECN_ = —MCN_ ®2=26x2=52
2

3.1.2. Sé dwong lwong gam

S6 duong lugng gam cua chit A bang sé gam chit A chia cho duong lugng gam cua chét d6
m , (gam)

eqlh) = o —
&

(4.10)

3.1.3. Nong dp dwong lwong

Nong d6 duong lugng dugc biéu dién bang sé duong lugng gam ciia chit tan c6 trong 1 1it (1000
ml) dung dich.

Ky hiéu: Cy
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Cong thuec:
Oy = 56 dwong hrong gam cia chit tan « 1000 @.11)
W
oy =238 000 (4.12)
W
Cy = x1000
" E,zam (4.13)

Thi du: Xac dinh néng do duong lugng cua dung dich nitrat bac khi hoa tan 1,35 g AgNO3 thanh
250 ml dung dich.

Biét khéi luong mol AgNO; = 108, duong luong gam AgNO; = 108 (s6 dién tich Ag™ = 1).
Nong d6 duong luong cua dung dich AgNO;:

135
Oy (A0 ) = —22 %1000
u 3) 108 250

Cy (AgNO5) = 0,05
Mot dung dich chira mot kh01 lugng duong lugng cua chat tan duoc goi 1a dung dich c6 nong dp

nguyén chudn N. Bén canh ndéng do nguyén chuin, ngudi ta con sir dung bdi so cua N nhu dung
dich 2N, 4N..., u6c s ctia N nhu dung dich 0,1N, dung dich 0,01N...

Pé tinh toan lwong chat tan A can thiét dé pha dung dich dwong lugng cho biét trudc, nguoi ta
suy luong m tir cong thue (4.13)

Cy = ——% 51000
E,gam =V
Cy *E <V
m, = B TasHn (4.14)
1000

3.1.4. Céng thirc tinh néng dé dwong lwong

Céc tinh toan trong cach chuan d6 theo ndng d6 duong luong gan giéng voi cach tinh toan trong
chuan d6 theo nong do phan tir. C6 mot sy khac biét 1a tai diém twong dwong tich ciia cac thé tich
(tinh bang ml) cta cac dung dich cac chat phan ing v6i ndng do duong luong thi bang nhau

ml A. N, =ml B. Ny
VN, =VgNg
Hay tai diém tuong duong cac thé tich dung dich thudc thir va cia cac chat can xac dinh da phan
ung véi nhau ty 1€ nghich vo1 nong do duong luong cua chung.
Wy _ My
Vi B Ny
Quy tic nay goi 1a quy tic hop thire (stoéchiométrie — stoichiometry)

Thi du: Dung dich acid hydrochloric dugc xac dinh néng do b?lng cach dem chuan do véi dung
dich chuan natri hydroxyd. Néu sau khi phan tng két thiic, 25,00 ml dung dich HCI duoc trung hoa
can mot thé tich NaOH 0,0950 N 1a 32,20 ml. Tinh ndng d6 dwong luwong cia dung dich acid
hydrochloric.

Giai:
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Ap dung phuong trinh trén, ta co:
NpVA=NpVg
Vé6i V,: thé tich ciia dung dich HCI can chuan do, V,, = 25,00 ml.
N,: ndng d6 caa HCI.
Vg: thé tich cua dung dich chuan NaOH, Vg =32,20 mL
Np: nong d6 cua NaOH Np =0,0950 N

Nong d6 cta dung dich acid hydrocloric:

Nig - 32,20 zﬁﬂ,aesm 01224

4. MOT SO CACH BIEU THI NONG PQ KHAC
4.1. Nong d6 gam
4.1.1. Nong dp g/l

Biéu thi bang s6 gam chét tan c6 trong 1 lit dung dich.
Ky hiéu: g/l
Cong thuec:
m
CgH:?XlDDD (415)

m: khdi luong cua chét tan (gam).
V: thé tich dung dich da cho tinh bang ml.
Loai ndng do nay thuong dung trong mot s6 thude thir acid hay base.

Thi du: Nudce thach cao hay dung dich CaSO, bdo hoa c6 noéng do 2 g/l.

4.1.2. P$ chuin

Biéu thi s6 gam hay miligam chat tan c6 trong 1 mililit dung dich

Ky hi¢u: T
o L m
Céngthire: Tyim :?XIDDD (4.16)
m
T, =— (4.16a)
ziml v

Thi dy: Acid nitric ddm dic 14 acid ¢6 d6 chuan T = 1,40 g/ml.

Trong thuc té, nguoi ta thuong ding nhing dung dich chuén c6 ndng d6 da chon sao cho ctr 1 ml
dung dich chuan tuong tng v6i mot lugng chat can dinh luong dé tinh toan dugc dé dang.

Thi du: Pé xac dinh d6 cimg ctia nude, ngudi ta dinh lugng nude bang dung dich complexon III
chuan 0,01M véi chi thi Pen Eriocrom T. Khi phan tng két thac, doc s6 thé tich ml dung dich
complexon III sir dung.
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Tinh két qua: 1 ml complexon III Gng v&i 0,561 mg CaO, nhu vy tng véi V ml ngudi ta tinh
dugc ham lugng CaZ" ¢6 trong nudc.

Nguoi ta con dung do chuan trong chuyén doi tir ndng do nay sang nong do khac.
Thi dy: Tinh ndng d phan tram C%(kl/tt) cua dung dich H,SO, 2M.
Tu dung dich H,SO, 2M, ap dung cong thirc tinh Cy; suy ra khéi luong

_ Cy = MV

1000
2x93=1000
=———=1%§
1000 ®

P chufn T = 196 _ 0,196(g /ml)
1000

Nong d phan tram C% (kl/tt) cia H,SO, = 0,196 x 100 = 19,6%

4.2. Nong d¢ ion gam

Biéu thi s6 ion gam chét tan ¢6 trong 1 lit dung dich.

Ky hiéu: ion gam/I.

Thi du: Dung dich FeSO, c6 chira 5,6 g Fe2™ - ndng d6 ion gam cua Fe?" 12 0,1 ion g/l vilion
gam Fe?t = 56.
4.3. Nong dd phan triéu (ppm: parts per million)

Dbi v6i nhitng dung dich c¢6 néng d6 rat lodng, ngudi ta thudng st dung ndng d6 phan tricu

(ppm).

Nong do phan triéu biéu thi sb gam chat tan c6 trong 106 gam dung dich hay hdn hop. Ngudi ta

con biéu thi s6 microgam ciia chat tan c6 trong 1 ml dung dich hay s6 miligam chét tan c6 trong 1 lit
dung dich.

Ky hiéu: ppm

Cong thuec:
_ kh#& lugng eta chélt tan (mg)
i = Sl
PP thé tich eta dung dich 1) (.17)
o _ kho1 lugng eta chét tan (g) « 106 @.18)
PRI 4 1d tich cta dung dich (106 &) '
o _ kh# lugng ena chét tan (mg « 106 .19)

PP ™ 414 tich ohim dung dich I:]_[:Ilg 2
Vi khéi luong riéng cta nudce 1a 1, khi mot dung dich co luong chat tan qué it so voi lwong dung

moi, nguoi ta quy wdc 1 ml dung dich = 1 g, vi 18 d6, dung dich c6 néng dé 1 ppm tuwong g voi
1 ug chat tan c6 trong 1 ml dung dich hay 1,00 mg/1 lit dung dich

Thi du: TCVN 5501 - 1991 quy dinh gidi han néng d nitrat c6 trong nuéc udng 1a < Sppm.

4.4. Nong do phan ty (ppb: parts per billion)
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N§ng d6 ppb hay néng d6 phan ty biéu thi sé gam ctia chét tan co trong 10° gam cua dung dich
hay hon hop.

Ky hiéu: ppb
Cong thuec:
_ kh& lugng eta chét tan (g)
ppb thé tich cta dung dich [ng &)

10° (4.20)

_ khé1 lugng eta chét tan (mg) g
ppb thé tich cta dung dich [ng &)

10° 4.21)

Dung dich 1 ppb ctia mot chét twong Gmg véi 1 mg chat d6 trong 1 ml dung dich hay 1 pg trong 1
lit dung dich.

Truong hop biu thi ndng do ctia chat khi, ngudi ta thudng dung don vi chat khi trong mot thé
tich hon 1a trong khoi lugng.

Thi du: 8ppb monoxyd carbon trong khong khi c¢6 nghia 1a 8ul CO c¢ trong 1 1it khong khi.
5. HE THU'C LIEN LAC GIUA CAC NONG PO

5.1. Nong @9 phan trim (C%) va ndng d6 mol (Cpp

* M
0% = % (4.22)
Cor = C% =10 = d
M = M (4.23)

Thi du 1: Tinh néng do ph?ln tram cua dung dich NH,OH 14,8M, biét r’fmg khéi luong riéng la
0,899 g/ml, khéi lugng mol phan tir 13 17,03.

Giai
Ap dung cong thtc (4.22)
0 14,8 x 17,03 _ 28,09
10 x 0,899

Thi dy 2: Tinh ndng d6 mol ctia dung dich H,SO, 98% (d = 1,84 g/ml), phan tir gam = 98.

Giai
8 = 10 = 1,84
Cpp = L - 18,4
M E ’
Nong d6 mol va ndng do duong luong
Cy =n Gy (4.24)
Oy = N (4.25)
n

n duoc tinh tuy theo ban chit ctia phan tmg hoa hoc.

6. MOT SO BAI TOAN VE NONG PO
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6.1. Pha thudc thir c6 ndng do loiing tir dung dich dam dic

Thi dy 1: Can bao nhiéu ml acid hydrocloric ddm dic 12,1 N dé pha lodng thanh 1 lit dung dich
HCI c6 nong d6 0,1 N?

Giai

Ap dung cong thirc V ANA = VN

Hay V N

dam dac x dam dac - Vpha loang x Npha loang

Léy 8,26 ml dung dich HCI 12,1 N pha trong nuéc dé 6 1 lit dung dich HC1 0,1 N

Vimnlgy=151=1000x0,1

1000 % 0,1
13,1

Thi du 2: Dung dich amoniac dam dac chua 28 % (kI/kl) NH;, khéi luong riéng 0,899. Tinh thé
tich cua dung dich nay can dung d€ pha 500 ml dung dich ¢6 ndng d6 0,25M. Phéan tur mol cua NH,
la 17,03.

Giai

- Tinh khdi lugng gam cua NH; ¢6 trong mét lit dung dich:

leﬁﬁ= =8,26

Tt cong thuc (4.23) suy ra:
- Nong d6 mol ctia dung dich:

mn
Car = 377 %1000

= —22E2 000
17.03%1000
Cyy = 1484

- Tinh thé tich cua dung dich 14,8 M dé pha loang thanh 500 ml dung dich nong d6 0,25 M
Ap dung cong thirc

Vdém dac - Ndém dac - Vpha loang * Npha loang
Trong d0 Nys - gsc = 148 M. Viga s =7

\Y =500 ml, N =0,25M

pha loang pha loang

Nhu vay:
S00= 0,25

Vagmaze =————— = 8,45(ml
dim die Y (ral )
Lay 8,45 ml dung dich amoniac 14,8 M pha v&i nudc thanh 500 ml dung dich

6.2. Tinh ndng d9 mol ciia mot dung dich

Thi du: Tinh néng d6 mol cta acid nitric (M = 63) trong mot dung dich, biét rang khdi luong
riéng la 1,42 va chtra 70% (kI/kl) HNO;.

Giai
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Tir cong thirc (4.23) suy ra ndong d6 mol cua acid nitric:

0
Cp(HNOs) = w - 15,3
_ T0x10x1,42
B 63
Cpg(HNOg) = 15,7TM ~ 16M

TU KHOA
* ndng do mol * ndng do duong luong
* ndng d6 phan tram * duong lugng gam
* ndng d nguyén chuan * quy tic hop thirc

CAU HOI LUQNG GIA

1. Phan biét cac loai néng do: néng do phﬁn tram, néng do mol, néng do nguyén chuan va néng
do duong luong.

2. Tinh ndng d9 mol cua cac dung dich sau:

AgNO3, 117,4g/1 BaCl2 , 2 HzO, 200mg/1
KSCN, 0,972g/100ml Nast 4> 720mg/72ml
3. Tinh duong lugng gam cua cac ion theo cac phan ung dudi day:
a)2NaOH + H,C,0, — Na,C,0, + 2H,0

b) 2FeCl; +  SnCl, —  2FeCl, +  SnCl,

¢)AgNO; + 2NaCN — Ag(CN),” + 2Na' + ten

4. Tinh ndng do dwong luong ciia dung dich Na,CO, khi sir dung mét thé tich HCI 0,1 N 1a
30,60ml dé trung hoa 150 mg mAau thir.

5. Nguoi ta ding nong do ppm trong truong hop nao?
CAU HOI TRAC NGHIEM
1. Nong d6 phan trim C% (kl/kl) duoc biéu thi:

a. s6 gam chat tan / 100 ml dung dich d. s6 mg chét tan / 100 g dung dich
b. s6 mg chét tan / 100 ml dung dich e. s6 gam chit tan / 1000 g dung dich
c. s6 gam chat tan / 100 g dung dich

2. Nong d6 phan traim C% (tt/kl) duoc biéu thi
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a. s6 mg chét tan / 100 g dung dich d. s6 ml chat tan / 1000 g dung dich
b. s6 ml chat tan / 100 ml dung dich e. s6 ml chit tan / 100 g dung dich
c. s lit chat tan / 100 g dung dich

3. Nong do phan traim C% (tt/tt) duoc biéu thi

a. s6 ml chat tan / 100 ml dung dich d. s6 ml chét tan / 100 g dung dich
b. s6 ml chat tan / 1000 ml dung dich e. s6 ml chit tan / 10 g dung dich

c. s6 mg chat tan / 100 ml dung dich

4. Nong do gam/ lit dugc biéu thi

a. s6 gam chat tan / 1000 ml dung dich d. s6 ml chat tan / 1000 ml dung dich
b. s6 mg chét tan / 1000 ml dung dich e. s6 ml chét tan 100 lit dung dich
c. sé ml chat tan / 100 ml dung dich

5. S6 gam kali dicromat can thiét dé pha 250 ml dung dich kali dicromat 2M 14

a. 138 g c.147¢ e. 159¢

b. 142 ¢ d. 151g

6. Tinh néng d6 mol cia mot dung dich ethanol (C,H;OH = 46). Biét rang trong 85,0 ml dung
dich co6 chura 1,7 g ethanol.

a. 0,45 M c.0,67M e.1,0M
b. 0,55 M d.0,85M

7. Cho biét ndng d¢ duong luong cuia dung dich H,SO, 98% c6 d = 1,84 g/ml

a.36,8N c.285N e. 42N
b.353N d. 45N
Chwong 5

PHUONG PHAP PHAN TiCH KHOI LUQNG

MUC TIEU

— Néu dwegc nguyén tic va phan logi dwoc cdc phwong phdp phan tich khéi lwong.

— Trinh bay dwgc cdc bude dé tién hanh phdn tich khéi heong.

NOI DUNG

1. LICH SU
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_ Théodore W. Richards (1868 — 1928), cung voi céc sinh vién Truong Dai hoc Harvard da phat
trién va cai ti€n nhi€u ky thuat phan tich khoi luong, xac dinh dugc khoi lugng nguyén tir cua 25
nguyén to. Vi I€ d6 nam 1914 6ng 1a nguoi My dau tién nhan giai Nobel v€ hoa hoc.

2.NGUYEN TAC
Co so cua phuong phap phan tich khdi luong 1a dinh luat thanh phan khong ddi va dinh luat
duong luong.

Trong dinh luat thanh phan khong doi, ty s6 khéi lugng cac nguyén o co trong thanh phén mot
chat lu6n ludén nhu nhau. Con voi dinh lut duong lugng, khdi luong cac nguyén t6 tham gia phan
g ludn ludn khong ddi va ty sb gitta chung khong thay doi.

Phuong phap phan tich kh01 lugng dya trén vige do luong khdi lugng duge thuc hién nhd can
phan tich, mot dung cu cung cip céac két qua rat dung va chinh xAc.

Trong phuong phap nay, chat can xac dinh dugc tach ra dudi dang nguyén chat hay duéi dang
hop chét c6 thanh phan xac dinh. Tt hop chat thu dugc nay, sau khi cén trén cén phan tich, nguoi ta
tinh dugc khoi lugng cta cau tir can xac dinh va ham luong phan tram cua no.

Thi du: Dé xac dinh ham lugng bac trong bac nitrat, nguoi ta ldy chinh xac khoang 0,2549 g
AgNO;, hoa tan trong nudc va két tua ion bac bang acid hydrocloric
AgNO; + HCl — AgCl + HNO,
Sau khi xtr 1y thich hop két tia thu dugc, va can trén can phan tich, khdi lugng tua AgCl thu
duoc 1a 0, 2148 g. Tim khoi luong bac trong két tua.
Giai:
Duva vao phuong trinh hoa hoc trén ta co6: cor mot phan tor AgCl (M =143,35 g) thi lugng bac
tuong ung 1a 107,90 g. Nhu vay khi thu dugc 0,2148 g s€ suy ra ham luong ctia bac
143,35g AgCl — 107,90g Ag
0,2148g AgCl  x?
_ 0,2148x107.30
14335

Két qua: véi luong mau 13 0,2148 g bac clorid, suy ra luong bac 1a 0,1617g. Ham luong bac
trong bac nitrat dugc tinh nhu sau:

0,2549 g AgNO3 chua0,1617 g Ag

=0,1617 (g)

100g * chtray g Ag
_ 0,1617x100

= 6344 g tivc 63,44%
0,254%
3. PHAN LOAI

_ Phuong phap phan tich khéi luong bao gdm phwong phép tach, phuong phap cat va phuong phap
két taa.

3.1. Phuong phap tach

Trong phuong phap niy, chat can xac dinh duoc tich ra tir chat phan tich dudi dang tu do va
duogc can trén can phan tich.
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3.1.1. Phwong phap xdc dinh trong lwong tro

M3u ran dugc ddt chdy va nung dén trong luong khong ddi. Tro thu duoc dem cén. Dua vao
trong lugng cua tro nguoi ta tinh ham lugng phan trdm cua né trong mau da cho.

Thi du: Dé xac dinh ham luong tro sulfat ctia terpin hydrat, ngudi ta can 1 g ché ghém (can chinh
xac) dem nung vd&i acid sulfuric. Tro thu dugc dem cén trén can phan tich. Dugc dién Viét Nam III
quy dinh, luong tro sulfat khong dugc qua 0,1%.

3.1.2. Phwong phap tach

Dung dé tach don chét ra khoi hdn hop. Thi du dinh lwong vang va dong trong hop kim. Trudc
hét ngudi ta hoa tan mot lugng can xac dinh cua hop kim trong nudc cudng thuy (hon hop acid nitric
va acid sulfurlc) sau d6 thém dung dich hydro peroxyd muc dich dé khir ion vang dén vang nguyen
t6. Loc vang da duoc tach ra, rira dé loai tap chit, sy va nung, dé ngudi, dem can. Dya vao khéi
luong vang da dugc tach ra, nguoi ta suy ra ham lugng vang c6 trong mau.

3.1.3. Phwong phap dién trong luwgng (Electrogravimetry)

’Chét can xac dinh dugc dong dién tach ra va bam trén mot dién cuc bang platin (catod). Dya vao
khoi lugng tang 1€n cua catod, nguoi ta suy ra ham lugng.

Thi du: Khi cho dong dién mot chiéu di qua mot dung dich c¢6 chira ion dong, trong nhimg diéu
kién xac dinh thi dong s€ tach ra, bdm Ién catod. Céan catod trudc va sau thi nghi¢ém s€ suy ra ham
lugng dong trong hon hop.

3.2. Phwong phap lam bay hoi (phwong phép cit)

Nguoi ta tich mot cach dinh lugng chat can phan tich dudi dang mot hop chat bay hoi. Trong
phuong phéap nay, chat phan tich hay cic hop chat bi bién d6i dugc lam bay hoi & mot nhiét do thich
hop hay do tac dung voi mot thude thir thich hgp. Chat bay hoi dugc thu hoi va can. Khdi lugng cua
mau dugc xac dinh mot cach gian tiép tir su mat trong luong.

Céc phuong phap lam bay hoi thudong 13 phuong phép truc tiép va phuong phap gian tiép.
3.2.1. Phwong phdp truc tiép

Chat sau khi 1am bay hoi dugc hap thy bang mot chat thich hop da duge xac dinh khoi luong. Su
chénh léch vé khoi lugng cua chat hap thu trude va sau phan tng la khoi lugng cua chat can xac
dinh.

Thi du: Dinh lugng natri hydrocarbonat trong vién thudc khang acid. Nguoi ta can mot lugng
mau tir thudc vién nghién min va xr 1y bang acid sulfuric lodng dé bién d6i hydrocarbonat thanh
dioxyt carbon:

NaHCOj, + H,S0, — CO, T+ H,0 + NaHSO,

Khi CO2 bay ra dugc cho vao binh cé chtra chét hép thu Ascarit II ciu tao bai silicat min phu
NaOH, trong chat hip thu nguoi ta thém CaSO 4 dé gitr nudc dugc tao ra trong qua trinh hap thu.

CO,T + 2NaOH — Na,CO, + 2H,0

Can binh truge va sau phan tmg suy ra ham lugng cua CO,.
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GO, + 2Na0H = NasGoy + HaO

H&n hop bicarbonat va acid sulfuric
ing chifa CaS0y

Hinh 5.1. Thiét bi dung dé xac dinh lwogng natri hydrocarbonat
trong thuoc vién khang acid bang phwong phap lam bay hoi

3.2.2. Phwong phdp gidn tiép

Trong phu’omg phéap nay, ngum ta xac dinh khéi luong can con lai cua chat sau khi tach hoan
toan chét can xac dinh. Hiéu so6 khdi luong trudc va sau khi cat chat can xac dinh cho ta kha ning
tinh duoc ham luong ctia chat.

Thi du: BaCl, ngdm 2H,0. Pé xac dinh luong nudce két tinh, ngudi ta cAn mot lugng mau, dem

sdy ¢ nhiét d6 100 - 105°C. Bé ngudi, cAn mAu lan hai dé xac dinh lugng nude di mét.

BaCly 2H,0 —Y - BaCl, + 2ZH,0

Phuong phap xac dinh khoi lugng gian tiép duogc st dung khi xac dinh d0 a am ctia mau, xac dinh
nude két tinh trong cac loai tinh thé hydrat, xac dinh lugng mat khi nung.

3.3. Phwong phap lam két tia

Trong phuong phéap khdi luong dya trén su tao tia, chat phan tich dugc tac dung véi thude thir
thich hop tao thanh hop chat it tan, sau d6 duoc loc, rira, siy va nung. Chét nay dugc can trén cn
phan tich.

Qua trinh nung c6 thé gay ra sy bién doi vé mat hoa hoc cua tia, vi vAy trong phén tich nguoi ta
phan biét dang két tia va dang can.

e Dang két tiia: dang tao thanh khi cho chét can phan tich tac dung véi thudc thir thich hop.

Thi du: Khi xac dinh ion $0% trong dung dich Na,SO,, ngudi ta dung ion Ba®" dé két tua. Tua
tao thanh 1a BaSO,.

e Dang cin: dang tao thanh sau khi duoc xir Iy bang nhiét (sdy va nung) duoc can dé xac dinh
ham luong.

Dang can ciing c¢6 thé 1a dang két taa thi du nhu trudng hop cua BaSO 4> tua tao thanh sau phan
g, khong bi bién doi sau khi say va nung, san pham dem can 1a BaSO 4 NgUOi ta goi dang tua gidng
dang can.

50,2  + Ba¥ = Bago, —Y . BaSO,
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Chat can xéc dinh Dang tua Dang can

. Co nhiéu truong hop dang tua khac dang can, thi du nhu trong treong hop dinh lugng ion Ca®"
bang thude thir (NH,),C,0,, dang tua thu dugce la calci oxalat theo phan ng sau:

Ca?" + C,0F +2H,0 — CaC,0, . 2H,0
Nhung dang can lai 14 calci oxyt vi calci oxalat bj phan hay sau khi nung, phan tng c6 thé viét:

CaC,0,.2H,0 — CaC,0, - CaO + CO + CO,

4. PAC PIEM

Phuong phap phan tich khdi lugng 13 mot trong sb it k§l thuat do luong dya trén nén tang cta don
vi SI nhu khéi luong va mol, ¢ hang s6 xac dinh nhu s6 Avogadro va khdi lugng cia 12¢, cho phép
xéac dinh ham luong cua cac cau tur riéng biét trong mot mau da cho cua chat phan tich. Thuong dugc
dung khi danh gia thanh phan ctia mau. Xac dinh cac kim loai (cac cation), cac phi kim loai (cac
anion), thanh phan cua hop kim, cac hop chat hiru co...

Nhuoc diém cua phuong phap nay la thoi gian xac dinh kéo dai, dai hon so vdi phuong phap
phan tich chuan do.

5. CACH TiINH KET QUA

Céc két qua trong phén tich khéi luong thuong dugc tinh tir hai s6 do thuc nghiém: khoi luong
mau thtr va khoi luong ctia san pham c6 thanh phan xac dinh. Ham luong phan trim cta san pham
dugc tinh bang cong thirc:

khat Lidgng cno A

Hem heomg phin trdm chia A= 1009
THEE kher Luong cie mdu i

A: chat can dinh luong.
Thi du: Pé x4c dinh luong piperazin co trong san pham thwong mai, ngudi ta ¢ thé tao tua
piperazin diacetat bang acid acetic. Can san pham tao thanh, tinh ham lugng cua piperazin tinh khiét.

Pé thuc hién ngudi ta can mot lwong mau 0,3126 g hoa trong 25 ml aceton, thém Iml acid
acetic. P& yén 5 phut, sau d6 loc tua, rira bang aceton, sdy kho & 110°C, dem can thu duoc mot
lugng 0,7121 g. Tinh ham lugng phan tram cua piperazin?

Giai
P +
HN: NH + GCH:SCH — »  H,N N, (CH, c005 ),
N/ __
Piperazin Acid acetic Fiperazin diacetat
Wl =86,137 Il =a0,053 Il = 204,243

Phan tr lugng cua piperazin: 86,137 g
Phan tr lugng cua acid acetic: 60,053 g
Phan tir lugng cua piperazin diacetat: 206,243 g

Theo phuong trinh, mét mol piperazin s& tao ra mot mol san pham, s6 mol cua san pham tao
thanh:
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S& mol cttes sén phétm tao thank = Uil 3,453 x 1079 (mol)
206, 243
Khél lugng cle piperazin = 3,453 x 107% » 86,137 = 0,294 ()
0,294 g

Hem ltgng ot piperazin = x100=95,14%.

0,31d6 g
5.1. Phuong phép cit hay tach

Khi xac dinh tryc tiép, cac san phém dé bay hoi thuong duoc tach ra dudi dang hop chét bay hoi
c6 thanh phan xac dinh. Cac tinh thé hydrat bi phan huy tach ra nude, cac carbonat bi phan huy tao
thanh CO,... Vi v@y nguoi ta tinh lugng chét can xac dinh theo sy tang khoi lugng cta b phéan hap

thu. Ham luong phéan trim ctia hop chat bay hoi dugc tinh xuat phét tir ty 18 twong tmg.
Ay = 2y 100
a

p: khéi lwong dang can chat can xac dinh theo su gia ting khéi luong cia chat hap thu.

a: luong can ctia mau.
5.2. Phwong phap lam két tia

Ham lugng phan trim cua chét can xac dinh dugc tinh theo cong thic sau:
M3u ban dau 1a chit rin. V&i a gam méu A, sau khi két tua, khéi lugng dang can thu duogc 13 p
gam.

0% (A) = 2 F 100
a

F: thira s6 chuyén (thira s phan tich)

m N
g S’ §
I ME
m, n: s6 mol ctia chit A va chit can xéac dinh.

M,: khdi lugng phan tir ctia chat can xac dinh.
Mg: khéi lwong mol ciia dang can.

F: hé s6 chuyén, dung dé chuyén tir khéi luong mol dang can sang khéi luong nguyén té can
phan tich.
Thi du:

Mot chat t'ély rua thuong mai chira phosphat c6 khdi lwong 0,3516 g. Nguoi ta pha huy céac hop
chat hitu co bang cach dun néng dén doé. Can thu dugc cho tdc dung véi HCI dé chuyén P thanh

H,PO,. Ton POJ™ tao thanh phan tmg véi Mg?" va NH,OH dé cho két tia MgNH,PO,.6H,0. Tiia
nay sau khi loc, rira va nung chuyén thanh dang can 1a Mg,P,0, (M = 222,57 g) c6 khéi luong can
0,2161g.

Hay tinh khdi lugng phan tram cia P (P = 30,974 g).
Gidi
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Trong 222,57 g Mg,P,0, thi c6 2 x 30,974 g P
Vay trong 0,1261 g Mg,P,0, c6 P?

Khéi lugng cia chat phéan tich P duoc tinh:

01261 x 2 x 30,974
_ 5 12 00801
- 222,57 ®)

Ham lugng phan trim caa P duogc tinh bang cach ap dung cong thirc:

Heopn Litgng phéin tram ciia A = oL bgmgaia & o0

khét luong clia méu

5P = 20 005 - 17,00 17,10 %
0,3516

O day kh01 luong ctia chit phan tich la P dugc tinh bang cach nhan khdi luong cua dang can voi
mot hang s6. Hang s0 nay dugc cau tao boi chat can phan tich va dang can. Hang s6 nay duoc goi 1a
thira s6 chuyén hay yéu t6 khéi luong, ky hiéu F

Nhu vay F dugc tinh:

2%
E p_2X30974 4 oagas
Mypo | 22257

Khéi lugng P c6 thé duge viét

m(g)P = kh lugng dang cén x mo _ khét lugng chjt?can phén tich P
n khéi lugng mol chit 6 dang can Mg, P07

Mot phan tor mol Mg, P,0, (n = 1) thu dugc 2 nguyén tu P (m = 2)
2 30574

m(g)P Fr—

22257
m(g)P = 0,2161x0,2?833= 0,060147 & 0,060 1P

Mot mol Mg,P,0, (n = 1) thu dugc 2 nguyén tu P (m = 2)

6. CAC GIAI POAN CUA PHUONG PHAP PHAN TiCH KHOI LUQNG BANG CACH
TAO TUA

6.1. Xac dinh lwong mau
Ham lugng cua dang can phu thuge vao lugng chat nghién ctru. Luong chat nghién ctru ¢ anh
huong dén d6 chinh xac ctua sy phan tich.

Luong can chat phan tich cang 16n thi d6 chinh xac cang cao, tuy nhién néu luong cin qué 16n
gay bat loi trong qua trinh loc, rira. Nguoc lai néu lugng can qua nho s€ dan dén sai so lon.

Luong ’mﬁu can thiét dé lam két tia duoc tinh tir phwong trinh ciia phan tng giita chat can phan
tich va thuoc thu.

6.1.1. Déi véi két tiia dang tinh thé

Luong mau can thiét duoc tinh theo cong thc:
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il
a=X x—ﬂxﬂ,ﬁ

n MB
M,: khéi lwong mol cua chét can xac dinh
Mg: khdi lugng mol ciia dang can
m, n: hé s6 cAn bang ctia phuong trinh phan Gmg
0,5: tim dugc bang thuc nghiém, ap dung cho céc két tia tinh thé

Thi dy: Pé tinh luong CaZt trong CaCO, bang cach tao tia CaC,0,, nguoi ta tinh lugng mau
can thiét can c vao phuong trinh phan Gng:

+ 2- o
CaCOy —1 & ca? %% . cac0,—Y sca0
M
a=lx 2% 0,5 = 100,1 x 0,5
Mo 56,1
a=08%g

6.1.2. Doi vdi két tiia dang vé dinh hinh

m M*AXD,I

B=—x

nMB

Thi dy: Tinh lugng mAu can thiét cua Fe(NO5);.9H,0 khi tién hanh phén tich khoi lwong. Biét
rang dang céan la Fe,0;.

Giai

Phuong trinh phéan tmg cé thé viét nhu sau:

IFe(NOg)y — 20 5 2Fe(OH)y —5 s FeyOq
M
o 2 MFe(NOg);. 0Hy0 0.1 - 808,01 0.1
1 ME, o, 159,7

a=0,50(g)
6.1.3. Chuyén mdu vé dang hoa tan

Cac phan (mg thudng xdy ra trong dung dich, do do mau thir phai dugc hoa tan trong dung moi
thich hop trude khi cho tac dung voi thude thur tao tua.

_Can chu y dén céc yéu t6 anh hudng nhu cdu tao chat, nhiét do, méi truong. Thi dy truong hop
chat khong tan trong nudc ¢ nhiét do thuong, can dun néng bang cach cach thiry hay chat tan duoc
khi c6 su hién dién cua acid...

6.2. Thudc thir
Thudc thtr gdm thude thir tao tia vo co va hitu co.

6.2.1. Thuéoc thir vé co

Céc thudc thir nay tao v6i chét can phan tich thanh cac mudi hodc cac oxit rat kho tan. Thude thir
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vO co tao tua chon loc nhung khong dac hi¢u.
Mét s6 thude thir vo co

e Tao tiia cic cation vo co. Cac cation vo co thuong dugc két tia dudi dang cromat, halogenid,
hydroxyd, oxalat.

Thuéc thtr dung tao tta cac cation vé co’

Chét phan tich Thudc the Dang tua Dang can
BaZ* (NH,),CrO, BaCrO, BaCrO,
pp2* K,CrO, PbCrO, PbCrO,
Pp2* H,S0, PbSO, PbSO,
Ag* HCl AgCl AgCl
Al3* NH, Al(OH),4 Al,O4
Be?* NH, Be(OH), BeO
Fe3* NH, Fe(OH), Fe,O,
Ca2* (NH,),C,0, caC,0, CaCO, hay CaO
Mg?* (NH,),HPO, NH,MgPO, Mg, P,O,
Zn%* (NH,),HPO NH,ZnPO, Zn, P,0,
Sr2* KH,PO, SrHPO, Sr,P,0,

e Tao tia cac anion vo co

Mot s6 anion vo co c6 thé duge két tua bang cach st dung cac phan ung dung trong tao két tia
cac cation nhu bang trén, chi d61 ngugc chat phan tich thanh chat tao két tua (thuoc thir).

Thi du nhu ion cromat c6 thé duge xéac dinh b?lng cach cho tac dung véi dung dich BaCl,. Ngoai
ra con c6 thé sir dung cac thude thir sau:

Chét phan tich Thuédc thi Dang taa Dang can
CN- AgNO, AgCN AgCN
I- AgNO, Adgl Adgl
Br- AgNO, AgBr AgBr
Cl- AgNO, AgCl AgCl
co; FeSO,/AgNO, AgCl AgCl
SCN- S0,/CuSO, CuSCN CuSCN
505 BaCl, BaSO, BaSO,
6.2.2. Thuéc thii hivu co
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Thudc thtr hiru co ¢6 tinh chon loc cao hon thudc thir vo co. Thude thir c6 hai loai, loai tao voi
chat phén tich thanh chat khong ion hoa, rat it tan goi la cac hop chat két hop, loai thtr hai tao thanh
cac chat trong d6 c6 lién két giita chat vo co voi thude thir 13 lién két jon.

Mét s6 thube thir hiru co

Thuéc thi ;?I?éé‘rtn fii?. Dang tua Dang can
Cupron Cu?* CuC,,H,,0,N CuC,,H,,O,N
Dimetylglyoxim Ni2* Ni(C,H,O,N,), Ni(C,H,O,N,),
“Ztg(tgzﬂgﬁf ribor! K* KIB(CgHs)ly KIB(CgH5)ly
Cupferon Fe3* Fe(CgHsN,0,), Fe,O,

1 — nitroso — 2 — naphtol Co?* Co(C,oHgO,N), Co hoéc CoSO,

Ngoai ra c6 nhiéu thudc thir phan ang mot cach chon loc v6i cac nhom chire hiru co, c6 thé dung
dé dinh luong cac hop chit nay bang phuorng phap phan tich khi luong. Cac chét nay ciing c6 thé
ding trong phwong phép phan tich thé tich va phuong phép quang pho.

Thuédc thi Nhﬁgnc;gzl:gﬂ co Dang can
Dinitro— 2,4— phénylhydrazin Carbonyl RCHO R- CH=NNHCH;(NO,),
Quinoléin Carbonyl thom ArCHO CO,T
Metyl iodid/Ag* Methoxy ROCH,, ethoxyROC,H; Agl
BaCl,/HNO, A. sulfamic RNHSO;H BaSO,
Sno Nitro thom RNO, Sn4*
Cuo Hop chét azo Cu?*

6.3. Su két tiia

San pham ly tudng cia mot phan tich khoi lugng la khong tan, dé loc, dé lam sach va c6 thanh
phan xac dinh. Mic du c6 it chat dat nhu‘ng y€u cau nay, n€u sir dung nhimng ky thuat thich hop cling
c6 thé dap tmg duoc. Thi du mot tha co do tan giam khi trong dung dich lanh vi tinh tan ctia hau hét
cac hop chat déu giam & nhiét do thap.

Céc tiéu phan cta chat két tiia phai du 16n dé c6 thé tach dé dang khi loc, khong duoc qua nho dé
lam tac loc hoac di qua giay lc_zc. Kich thudc tua 16n han ché giu’qc su bam cac chat la Ién tua. Ngoai
ra, tia con hi¢n dién ¢ dang hon tuong keo, kich thude cac tiéu phéan trong khoang 1 — 1000 nm qua
duoc hau hét cac loc.

6.3.1. Cic yéu cau doi vdi dang tiia va dang cén

* Dang tua

- Tua phai c6 d¢ tan nhé dé tia dugc hoan toan.
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- Co d6 tinh khiét cao, it hap phu hay 1an chat ban.

- Tua can c6 tinh thé 16n dé it bj tan trong qua trinh loc, rira.

- Tua phai chuyén sang dang cdn mot cach dé& dang va hoan toan.

* Dang can

- Dang can phai bén v&i méi trudng, khong bi hat am, khong bi pha hay.

- Phai c6 cong thirc xac dinh dé tinh F diing.

- Thira s6 chuyén F tng v6i dang can cang nho cang tot.

Thi du: dé xac dinh Cr 3 (Cr = 52) trong mdt mau, nguoi ta cd thé sir dung hai dang can Cr,04
va BaCrO,.

Dé co thé chon dang can thich hop nguoi ta tinh F:

Crz0cho F= —==f_ 2 2X32 45
CI'EOS 152

BaCrOy cho F = Cr  _ 52 202
BaCrO, 2584

Gia st khi lugng cua Cr,yOj, va BaCrO, thu dugc 1a nhu nhau bang 1 mg. Sai s6 d6i véi Cr &

D 7 )
dang BaCrO, nho hon so véi dang Cr,05 la =— 0z = 3,5 lan.

So sanh 2 gia trj cia F, nguoi ta thdy 0,2 nho hon 0,7 do d6 dang can dugc chon 1a BaCrO 4

6.3.2. Chon thuéc thir va lwong thuéc thir
Céc yéu cau d6i véi dang tia va dang can anh hudng dén yéu cau d6i véi chat lam két tia (thude
thir).

e Yéu cau chon thudc thir: Ly twong nhat, mot thude thir tao tua khdi luong phai tac dung mot
cach dic hiéu hay it nhat mot cach chon loc v6i chat can phan tich. Trén thyc té, cac thude thur
chuyen biét hay dac hi€u chi phan u‘ng v6i mot loai chat hoa hoc thi rat hiém. Cac thudc thir chon loc
c6 thé tac dung v6i voi mot s6 gidi han loai chat hod hoc phd bién hon. Thi du nhu AgNO; la thudc

thir chon loc vi tao tiia véi ion Cl7, Br, I va SCN™ trong moi trudong acid. Trai lai dimetylglyoxim
1 thubc thir chuyén biét vi chi tao két tua v6i Ni2" trong méi truong kiém.

Thudc thir tao két taa Iy tudng vi tinh chuyén biét hay tinh chon loc phai tac dung véi chit can
phan tich dé tao ra san pham c6 tinh chét sau:

a) Dé loc va dé rira dé loai cc chat nhiém ban.

b) C6 d6 tan thap du dé khong mat tia mot cach dinh luong khi loc va rira.
¢) Tro véi cac ciu tir ciia moi trudng.

d) C6 thanh phan xac dinh sau khi lam kho va sau khi nung (néu cén).

o Luorng thudc thir. Dé dam bao két tia duoc hoan toan chit can phén tich, lugng thudc thir s&
dugc cho voi lugng du tir 10 — 15% so voi luong dugc tinh tir phan tmg. D6i voi nhitng thude thir ¢6
tinh bay hoi, luong thudc thir gip 2 — 3 1an so véi 1y thuyét.
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Chu ¥: Trong mdt s6 trudng hop, luong thira thude thir ¢6 tic dung lam tan tua tao thanh.

Thi du: DPé dinh luong ion Hg2+, nguoi ta st dung KI dé tao két tia Hgl,. Nhung véi luong KI
du Hgl, s€ tao phure K, [Hgl,] tan:

Hg?" + K — Hgl, 4 +KI thira — K, [Hgl,] tan

6.3.3. Cic yéu té anh hwéng dén qud trinh két tia

Trong giai doan tao két taa néu dung Qich dam dég s€ hinh thénhqcéc két tia co tinh thé nhé. Trai
lai do1 v6i cdc tua vo dinh hinh, sy tang nong d6 s€ dan dén su chuyén cac dang keo khong bén sang
cac ket tua.

Trong qua trinh tia dugc hinh thanh thuong kém theo chat ban. Nguyén nhan cua sy lam ban tia
1a sy cOng két.

Cong két 1a hién tuong khi két tua 1}ing xudng mang theo cac tap chat khac ma trong diéu kién
riéng 1€ thi cac tap chat nay khong thé két tua dugc.

Thi dy: FeCly khong tia véi H,SO, nhung néu két tia BaCl, bang H,SO, v6i sy ¢c6 mit ciia
FeCl; thi bén canh tua BaSO, co6 1an ca tia Fe,(SO,);. Sau khi nung Fe,(SO,); s& chuyén thanh
FezO3 c6 mau d9, lam tia BaSO4 c¢6 mau.

Su céng,ké't c¢6 nhiéu nguyén nhan khac nhau, nguoi ta phéan biét 3 dang cong két: hap phu, hap
luu va ndi hap. Ngoai ra sy hau tua cling 1a nguyén nhan gay ban tua.

e Hip phuy (adsorption)

Hap phu 13 hién tuong céc ion hoic cac phén tur chat ban trong dung dich bam dinh Ién bé mat
tia moi tao thanh. Tinh thé cang nho hap phu ban cang nhiéu. Nong do chat ban trong dung dich
cang 16n, sy hip phu cang manh va nhiét d6 cang thap ban cang d& bi hap phu 1én bé mat tia.

Hép phu 12 mot hién tuong thuén nghich vi cung tao ra sy giai hap phu. Su hién dién dong thoi
ctia 2 hién tugng d6i nghich nay din dén mot trang thai can bang dong, nguoi ta goi 1a can bang hap
phu.

Trong truong hop nay, co thé xir Iy bang cach tao tinh thé 16n néu 1a tia tinh thé va thuong c6
thé loai bo ban bang céch rira.

o Hap luu (Occlutlon) la sy glu’ cac tap chat tan trong moi trueong vao bén trong tua do tua tao
thanh qua nhanh, céc tinh thé méi tao thanh ¢ thé boc ldy chat ban & phia trong. Hap luu chi xay ra
dbi voi tia tinh thé.

e Noi hip (Inclusion) 12 hién twong ma cac ion tap két tia vao cac tinh thé ludi cta tia tao thanh
tinh thé hdn hop. Hién twong ndy xay ra khi cac ion cua tap co cung kich thudce va cung dién tich véi
ta do tao thanh cac ion dong hinh. Ngoai ra hai mudi ndy con phai cé cung 16p tinh thé. Thi du tia
BaSO, duoc hinh thanh khi thém dung dich BaCl, vao dung dich chira ion sulfat, c6 sy hi¢n dién
ctia chi. Nhitng ion chi thay thé mot phan ion bari trong tinh thé tao thanh tinh thé hdn hop véi
BaSO,. Sy tao thanh tinh thé hén hop nay rat kho tranh khi mot s ion két hop hién dién trong mau.

Tru’omg hop nay ciing xay ra dbi voi tia keo. Bién phap t6t nhat 1a chon thude thir khac khong gay ra
su tao thanh tinh thé hdn hop.

e Hau taa (posprecipitation)

Hién tuong nay xay ra néu dé tua tiép xuc lau voi dung dich, thi du nhu taa HgS néu dé tiép xac
lau trong dung dich c6 chira Zn2+, mic du mdi trudng acid manh van c6 thé xuit hién taa ZnS trén
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bé mat cua HgS. Thuong hay gap nhét 1a tua CaC,0, c6 hau tia 1a MgC,0,.
6.3.4. Tao két tita

e V6i tia tinh thé. Nhiéu tia tinh thé nhu BaCrO,, BaSO,, CaC,0,... thinh thoang thu dugc

dudi dang nhimg tinh thé rat min c6 thé qua duogc 16 loc gay ra su mat kh01 luong cua dang tda trong
qua trinh xtr Iy. Hién tuong ban tia 1 mot trong nhitng yéu t6 ngin can sy két tia.

bé han ché cac yéu t6 anh huong dén két qua phan tich, viéc tao cac két tua tinh thé can tuén
theo cac diéu kién sau:

- Tién hanh két tua v6i dung dich mau va thudc thir lodng.

- Thém dung dich thudc thir vao cham va khudy trong qua trinh tao tia.

- Thyc hién két tia voi dung dich chat két ta & nhiét do cao.

Trong mot ) truong hop, can thém vao chat 1am tang do tan va tranh hién tugng cong két.

Thi du tao tiia BaSO, ngudi ta thém HC1 d¢ giam tiia phu BaCO, va giam cdng két Ba(OH),.
Chu y thoi gian dé tranh ban do hau tia

e V6i tiia vo dinh hinh. Cac két tia vo dinh hinh ¢6 khuynh huéng hap phu va tao thanh dung
dich keo, do d6 khi két tia, can tién hanh tiia tir dung dich néng va c6 mit cta chat dién ly. Dé ngin
can hién tugng hap phy, nén tién hanh tua tir dung dich dic, khudy manh va sau khi tia hinh thanh,
tién hanh loc, rira tha bang nude nong. Khong nén dé taa tiép xuc voi dung dich mot thoi gian dai.

6.4. Loc va rira tia

 Loc varua tua la 2 ky thuét rit quan trong trong phuong phap tao thanh két tia. Su chinh xac cta
két qua phu thudc vao thao tac ¢ giai doan nay.

6.4.1. Loc tia

Loc 1a giai doan tach két tia ra khoi dung dich tao tua. Tuy theo lugng tia va cach 5:huyén tur
dang tua sang dang can, nguoi ta cé thé st dung dung cu loc thich hop nhu giay loc hay pheu loc.

e Gidy loc

Dé loc lay tua nguoi ta str dung gidy loc khong tro. Gidy loc nay sau khi dot chdy va nung, dé lai
khdi lugng tro rt nho, co thé bo qua.

Gidy loc khong tro ¢ dd min khac nhau. Tuy theo kich thudc cia cac hat két tia, ngudi ta sir
dung cac loai gléy loc méng hay day, dugc phan biét bang mot dai bang c¢6 mau bao chung quanh
hop gidy loc. Glay loc bang dé dugc dung trong tmorng hop loc cac két tia dang keo vo dinh hinh.
Dé loc phan 16n cac két tia, c6 thé str dung loai bing mau tring c6 dd min trung binh, cudi cung loc
cac két tia tinh thé nhé nhu BaSO, hay CaC,0,, nguoi ta dung gidy loc min nhat (bdng mau xanh

bién).

Khi tién hanh loc, diéu quan trong nhét 1a phai cha y dén luong tia can loc dé chon kich thude
cua giay loc phu hop. Tua khong dugc chiém hon 1/3 chiéu cao cua gidy loc dé dam bao tua sé duoc
rira sach sau khi loc.

e Phéu loc

Phéu loc )gép hién nay duoc dung phd bién trong cac phong thi nghiém. Phéu loc lam bang s,
loc dudi ap suat giam. Loai loc nay chiu dugc nhiét dd cao nhung lai ¢6 nhugc diém 1a hut am.
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6.4.2. Rira tia

Muc dich ciia rira tiia 13 dé loai cac chat ban bam trén bé mit cua két tiia. Cac chat ban hép phu
nay & trang thai cAn bang voi cac ion tuong ung trong dung dich. Vi vay khi rtra, ngum ta rira bang
nude hay mot dung dich nao d6 ma nong do cua ion coi nhu bang 0, hién tugng giai hap phai troi
hon hién tuong hap phu dé tua loai dugc cac chat ban va cubi cung thu dugc mot két taa tinh khiét.

Khi rira tia can phai biét loai dung dich rtra thich hop ddi voi két tua. Nguoi ta phan biét 4 loai
dung dich rtra:

a) Rira biang dung dich ciia chat tao két tiia. Rat it két tua thu dugc c6 do tan di nho dé nguoi
ta c6 thé bo qua khdi luong tia bi mét trong qua trinh rira tia. Phan 16n truong hop luong tia bi mat
do rira vuot qua giéi han cua sai sd cho phép. Pé han ché sy mat nay, két tia sau khi duoc tao thanh
s€ duoc rira b?lng dung dich loang cua chét tao tia. Thi du dé ria 0,1 g tua CaC,0, thu duogc, néu

ding 200 ml nudc dé rira thi lwong tia bi mat 1a 1,3% trong khi néu rira tia bang 200 ml dung dich
(NH4)2C204,0,01M, lugng taa bi hao hut 1a 0,0067%.

Chat tao tia thém vao phai 14 chat bay hoi dé luong thira ctia chat nay co thé bi loai sau khi nung.

b) Rira tiia bang dung dich chét dién ly. C6 nhiéu chat két tia khi rira v6i nudc sé tao hién
tuong pepti hoda, tré thanh dang keo va di qua dugc loc nhu truong hop cua tia AgCl (AgCl:
Ag"....NO;"), ngudi ta xir Iy bang cach rira tiia keo nay v6i dung dich ¢6 chira chét dién ly bay hoi
dé c6 thé loai sau khi nung nhw HNO; hay NH,NO;.

¢) Rira tiia biang dung dich ngin can sw thuy phan. Di vi cac két taa khi rira bang nudc s&
xay ra hién tuong thuy phan, diéu nay dwa dén viéc dang can thu dugc khong con 1a hop chit co
thanh phan xac dinh nita, nguoi ta rira tia bang mot dung dich c6 tinh chat ngin can sy thuy phan.
Thi dy tia MgNH,PO, néu rira véi nude, hién twong thuy phan xay ra theo phan Gng:

MgNH,PO, +H,0 — MgHPO, + NH,OH

Néu dung nudc ria 1a NH,OH, can bang s& dich chuyén vé bén trai, lam giam sy thuy phan.
NH,OH b loai d& dang sau khi nung két tia.

d) Rira tiia véi nwée don thuin. Ap dung ddi véi cac két tua khi rira v6i nude, sy mat tia
khong dang ké. Truong hop nay can dé y dén nhiét dd cia nudc rira, néu tia tan trong nudc nong thi
phai rira tiia bang nude lanh.

6.5. Siy va nung

Sau khi loc, nguoi ta sdy ta cho dén khdi lugng khong do6i. Su sy co tac dung loai dung méi va
tat ca cac chit c6 thé bay hoi. Nhiét d¢ va phuong phap sy phu thudc vao phuong phap loc va dang
taa thich hop. Trong mét s6 truong hop nguoi ta nung san pham dé chuyén thanh dang can c6 thanh
phan xéc dinh.

Nhiét d6 doi hoi dé thu duge san pham thich hop tuy thudce vao céc chét két tia. O nhiét do 110°
C, du dé loai nude va chat chat ban de bay hoi. D€ say san pham nguoi ta cd thé dung tu say, den
Bunsen hodc dén Meker.

Hinh 5.2 cho thay su mét khdi luong theo nhiét do cua
mot vai chat két tua thong dung nhu bac clorid, calci oxalat
va nhom oxit. Su sdy cua 3 tua nay don gian 1a dé loai nudc
va cac chat ban dé bay hoi bam vao tia. Nhiét do sir dung
rat khac nhau dé tao ra mot tia khan c6 khdi luong khong
doi. Déi véi bac clorid, nhiét d¢ can dé loai nudce hit am la
trén 110°C trong khi dé loai nuéc hoan toan nhu truong hop
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ctia nhom oxit, nhiét dd phai trén 1000°C. A0

Puong biéu dién nhiét khéi luong cua calci oxalat kha
phuc tap. Dudi 135°C, mot phén t¢ nudc bi loaqi dé tao
thanh CaC,0,.H,0. Hop chat nay sau d6 chuyén thanh

oxalat khan & 225°C. Sy thay d6i dot ngot vé khéi luong &
nhiét 46 450°C cho théy 1a c6 su phén huy calci oxalat thanh
calci carbonat va monoxyt carbon. Nac cudi cung cia duong
biéu dién tuong ung voi sy bién doi calci carbonat thanh
calci oxit va CO,. Nhu vdy, khi dinh lwong Ca®" bing

— s Khéilwng— &
| [
T
e}
| £
o

phuong phap phén tich khdi lugng véi tua oxalat, ban chat Cat
CatOsN, cao

cua dang can phu thudc nhiéu vao nhiét do. CaCs0y HO™ 7

0 200 400 G600 5001000 1200
Mhigt d&rc

Hinh 5.2.Tac dung cua nhiét d§ Ién
khoéi Iwong taa

Khi nung két tua gidy loc chay thanh than, than tao thanh co6 thé khir mot s6 chat khi nung. Trong
truong hop nay can phai dung phéu loc st thay cho giay loc.
6.6. Can

Giai doan xac dinh lugng can thu dugc. Dang can da duoc séy va nung dem can trén can phan
tich.

lru ¥ dung can phan tich can duoc dén 0,1 mg.
7. UNG DUNG
7.1. Xac dinh nwée két tinh va hat Am

Duoc dién Viét Nam III ¢o tiéu chufm "Giam kh(f)i luong do sy kho" trong cac chuyén luan dé
xac dinh nudce hit am hodc ca nudc hut am va nudc két tinh voi nhiét dd nhu sau:

105°C + 5°C: Nhiét do thich hop dé xac dinh d6 am.

120°C — 200°C: Nhiét d6 thich hop dé loai nudc két tinh.

Pé tinh két qua, ap dung cong thirc:

o (licly Ha0 =21 P2 100
Py

Thi du: Duogc dién Viét nam III, trang 39 c6 chuyén luan Cafein ngdm mot phan tir nudc
(CgH,(O,N,.H,0), c6 phan tif lugng 1a 212,21. Dem sy ¢ 80°C, dén khdi lugng khong doi, nude
hat 4m va nude két tinh mat di. Can mau trude va sau khi sdy rdi tinh ra ty 1 phan tram khéi luong
bi giam.

Tinh theo dung cong thue thi ham luong nudce két tinh trong cafein 1 8,48% nhung vi c6 nudc
hat am nén Duogc dién cho phép to1 da 1a 9%.

7.2. Xdc dinh ham lugng Ba2™ hay SO%

7.2.1. Nguyén tic
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Pé tao tiia BaSO 4 dung dung dich H,SO, hay mudi sulfat néu mau la Ba®"

Ding dung dich BaCl, néu mu 1a SO

7.2.2. Cdach tién hanh

- Can mau.

- Chuyén mau vé dang hoa tan.

Thém dung dich thudc thir ¢6 nong d6 thich hop di dun néng két hop khudy.
Pun cach thuy.

Pé yén cho tua két tinh loc.

Rira tia bang nudc nong.

Nung - can - tinh két qua.
7.3. Dinh lugng clorid, bromid va iodid
7.3.1. Nguyén tic

Cho dung dich AgNO3 vao mot dung dich chua ion CI°, Br’, I' s¢ thu dugc cac tua bac
halogenid. Rira tia, sdy va can — két qua.

Thi du: Dinh lugng NaCl c¢6 trong dung dich mau. NaCl phan ung véi AgNO; theo phuong

trinh:

NaCl + AgNO; — AgCl + NaNO,

7.3.2. Cich tién hanh

Thém nudc vao mau, thém HNOj;. Cho dung dich AgNO, khudy manh.
Pun cach thuy rdi dé yén trong bong tHi.

Loc va rira tiia trudce tién bang dung dich HNOj; sau do bang nudc nong.
Sdy tiia va tinh két qua.

7.3.3. Nhdn xét

Sdy tua ¢ nhiét do < 130°C.

Tua bac dé bi phan hity, tranh 4nh sang.

Tua AgCl dé bi hip thu Ag™ tao ra 16p dién kép trong trudng hop trong dung dich ¢ luong thira
AgNO; — thém HNO; — ion INUj5 pha 16p dién kep.

Twr khoa
- Phan tich khéi lwong - Noi hap
- Phuong phép cat - Hu tia
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- Phuong phéap lam két tia - Loc tia

- Hép luu - Rtra tia

CAU HOI LUQNG GIA

. Néu nguyén tic ctia phuong phap phan tich khéi luong.
. Phan loai cac phwong phap phan tich khdi luong.

1
2
3. Trinh bay céc giai doan tién hanh phan tich khéi lugng. Néu céch tinh két qua.
4. Ké vai tng dung cta phuong phap phan tich khéi luong.

5

. Néu nguyén nhéan 1am ban taa va cach xir Iy.
CAU HOI TRAC NGHIEM

1. B6i twong cta phuong phap phan tich khéi luong 1a
a. chat ran

b. chat long

c. chat 16ng va chat khi

d. chét ran va chat long

e. chat ran, chat 16ng va chat khi

2. Phuong phap phén tich khdi luong dua vao sy do chinh xéc:
a) thé tich cua chat ran can xéc dinh.

b) khéi lugng cua chét rin can xac dinh.

¢) khdi lugng don chat dugc tach ra tir mot hdn hop ran.
d) khdi lugng hop chét ¢ thanh phan khong ddi.

e) khéi ,lu’(_)rng cua Ch'élt ran can xac dinh hodc thanh phﬁn cua n6 duogc tach ra ¢ dang tinh khiét
hay hop chat c6 thanh phan xac dinh.

3. Phuong phap ap dung khi mau dugc 1am bay hoi & nhiét do thich hop, khi bay ra dugc hip thy
bang mot chat da biét trudce khoi luwong duoc goi 1a phuong phap

a. tach c. két tua e. di¢n trong luong
b. cat d. tro

4. Phuong phap két tia 1a phuong phéap dua trén nguyén tic 1a mau
a) tac dung voi thude thir tao chat it tan.

b) bi bién dbi thanh can khi tiép xac véi nhiét.

¢) dugc tach ra dudi dang tu do hay hop chit bén.

d) duoc tach ra va ba dién cuec.

e) duoc tach ra va bam vao hon hop voi xut.

5. Biéu thj két qua trong phan tich khdi luong thuong dugc tinh theo
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a) P (/1)

b) C% (kl/ kl)

¢) ham luong phan trim dang tia theo khéi lugng mau.
d) ham luong phan trim dang can theo khéi lugng mau.

e) ham luong phan trim cua chat tich ra duéi dang ty do theo khdi lugng mau.

6. Luong thudc thir can ding phai cho thira..............cceeevveennenee.. so voi tinh toan theo 1y thuyét 1a
a.5-10% c. 15-20% e. 25 —30%
b. 10— 15% d. 20 -25 %

7. Ban tiia thuong gip trong két tiia vo dinh hinh 1a do hién tugng

a. cong két. c. hap phu. e. ndi hap.
b. hip thy. d. hép luu.
Chuong 6

PHUONG PHAP PHAN TiCH THE TiCH

MUC TIEU

— Trinh bay dwoc nguyén tic ciia phwong phdp phdan tich thé tich.
— Phdn biét dwoc diém twong dwong va diém két thiic.
— Phan loai dwgc cdc phirong phdp phan tich thé tich.

— Tinh dwoc két qua sau khi chudn dg thé tich.

NOI DUNG
1. MO PAU

Nguoi dit co so cho phuong phép phan tich thé tich 1a nha bac hoc L.J. Gay - Lussac (Louis —
Joseph GAY — LUSSAC) 1778 - 1850.

Phuong phap chuan do thé tich 1a phuong phap phén tich dinh lugng trong d6 chu yéu 1a su do
chinh xac thé tich cta dung dich c6 néng d6 xac dinh can thiét dé phan tng hoan toan véi chat phan
tich.

_ Sy chuan d¢ duoc thyc hién bang cach thém tir tir mot dung dich chuén vao dung dich ciia chét
can phan tich bang buret cho dén khi nguo1i ta nhan thay phan tng gitra chat chuan va chat phan tich
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xay ra hoan toan. Thé tich cua thudc thu dung trong dinh luong dugc xac dinh bang su chénh
1éch thé tich cta chit chuan giita hai giai doan, dau va cudi phan tng.

Phuong phap thé tich duoc str dung rong rii trong phan tich vi nhanh chéng va don gian.
2. MOT VAI KHAI NIEM CHUNG VE PHUONG PHAP PHAN TiCH THE TiCH
2.1. Dinh nghia
2.1.1. Piém twong dwong
Su chuan d6 dat dén diém tuong duong la khi tai diém do luong chit chuan thém vao tuong

duong hoa hoc v6i lugng chat phan tich c6 trong mau.

Thi du: Trong sy chuan do natri clorid bang bac nitrat, ngudi ta dat dén Ndiém tuong duong sau
khi thém chinh xac mot mol ion bac cho mo6i mol ion clorid hién dién trong mau.

NaCl + AgNO; — AgCl + NaNO,

1 mol 1 mol

Diém tuong dwong 12 mot diém 1y thuyét, khong thé xac dinh bang thyc nghiém.
2.1.2. Diém két thiic

La thoi diém gy ra sy bién dbi tinh chét vat 1y hay su déi mau cua chét chi th. Thuong c6 su sai
biét vé the tich hay khoi lugng gitra diém tuong duong va diém ket thuc, nguoi ta goi la sai so trong
chuén d¢. Trong cac phuong phap thé tich, sai s6 trong chuan d6 E, dugc xac dinh:

Et - Veq B Vﬁn
V. q thé tich 1y thuyét cta thudc thir can thiét dé dat dén diém twong duong.

V. - thé tich that sy sir dyng d¢ phat hién diém két thic cua phéan tmg.

2.1.3. Chit chudn hod hoc bic mét (so cip)
Hop chét c6 do tinh khiét rat cao dugc dung lam chat gbc trong cac phuong phép thé tich va
phuong phép khoi lugng.

Tinh chinh xac cua phuwong phap phu thudc vao cach danh gia chét luong cua hop chit nay. Mot
chat chuan bac mot phai dat cac tiéu chuan sau:

Do tinh khiét cao 99,95%
Tinh 6n dinh trong khong khi.
~ Khong c6 nuéc hydrat hod dé thanh phan chét rén khong thay doi khi c6 sy thay doi do 4m twong
doi.
C6 tinh tan tot (thich hop) trong méi trudng khi thyc hién chuan do.
Khéi lwong phan tir twong dbi cao dé han ché sai sb tuong d6i khi cAn mau (sai s6 <0,1%).
Trén thuc té chi co rat it hop chét dat duogc céac tiéu chuan trén.
Thi du:
- Kali naphtalat (M = 204,22 g), mudi luén luén ¢ dang khan, chi chira ti da 0,003% nudc.
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KHCO, (M =100,11 g)

Acid benzoic C;H;COOH (M = 122,15 g)

2.1.4. Chit chudn hod hoc bic hai (thir cip)

Hop chét c6 d6 tinh khiét phai dugc xac dinh bang phén tich hoa hoc.

Thi du:

- Natri borat ngdm 10 phén tir nuéc Na,B,0,.10 H,O (M = 381,24 g). Trude khi pha thanh dung
dich chuan can sdy san phdm & nhiét d6 tir 170 - 440°C trong 1 gio.

Acid oxalic ngdm 2 phén tir nuéc C,H,0,.2 H,0 (M =252 g).
2.2. Céc dung dich chuén

Dung dich chuén 1a mot thubc thir co néng dd biét trude duoc dung dé chuan do trong cac
phuong phép phan tich thé tich.

Cac dung dich chuan gitr mot vai tro chu yeu trong tit ca cac phuong phap chuan 4o, vi vay can
thiét phai kiém tra nhimg tinh chét can phai c6 trong dung dich, cach pha va biéu thi nong d6 cua cac
dung dich nay.

2.2.1. Piéu ki¢n ciia mét dung dich chuin

Dung dich chuén Iy twéng phai dat cac tiéu chuan sau:

- P bén dé khong phai x4c dinh lai nong do sau khi pha.

- Téc dung nhanh véi chat can phan tich.

- Phan tmg phai hoan toan dé dat dugc diém két thic dung.

2.2.2. Phwong phdp xdc dinh néng d ciia méot dung dich chudn

Phuong phap phén tich thé tich chinh x4c khi nong do cua dung dich chuén chinh xéac. C6 hai
phuong phép co ban dé xac dinh nong do ctia dung dich chuan.

Phuong phap truc tiép: Trong phwong phap nay, mot luong can chinh xac chat chuan hoa hoc
bac 1 (so cap) dugc hoa tan trong mot dung moi thich hgp va pha loang trong binh dinh muc dén thé
tich chinh xac.

Phuong phap so voi mau chudn (etalonnage): dung dich dung 1am chuan dugc so bang cach
chuan do véi

- mot khdi luong chat chuan hoa hoc so cap.
- mot khdi lugng chat chuan hoa hoc thir cap.
- mot thé tich cia mot dung dich chuan khéc.

Phén 16n dung dich dung lam chuan duoc xac dinh nong d6 bang phuong phap nay do cac thude
thir khong dat duoc tiéu chuan cia chat chuan hod hoc so cap.

2.2.3. Céch biéu thi nong dp ciia cic dung dich chudn

Nong d6 ctia dung dich chuan thudng duoc biéu thi 13 ndong d6 mol va néng do duong luong.
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Nong d6 mol cho biét sé mol ctia thude thir chira trong mét lit dung dich.

Nong d6 duong lugng biéu thi sé dwong lwong gam ctia thude thir c6 trong mot lit dung dich.
2.3. Cac phuwong phap xac dinh diém twong dwong

Dé xac dinh dém twong duong, ngudi ta st dung chat chi thi hoa hoc hay chi thi Iy hoa.

2.3.1. Chiit chi thi hod hoc

Chi thj 1 chat dugc cho vao dung dich khi tién hanh dinh lugng. Sy thay d6i vé pH, thé oxy hoé
— khr... s€ l1am thay d61 mau cua chi thi.

Céc chi thi thuong diung trong phuong phap phan tich thé tich:

a) Chi thi ndi: chi thi cho vao dung dich khi tién hanh dinh luong.

Chi thi mau: metyl da cam, phenolphtalein.

Chi thi tao tua: kali cromat.

Chi thi tao huynh quang: fluorescein.

b) Chi thi ngoai: chi thi dé ngoai, dung dung cu nhu diia thuy tinh 1y dung dich r6i cho tac dung
vo1 thude thir nhu truong hop dung gidy tam ho tinh bot.

Chi thi ¢ thé la:
Mot chat: do metyl.
Hai chat: thudc thir Tashiri (@6 metyl va xanh metylen).

Nhiéu chat: thudc thir van ning.
2.3.2. Chi thi ly hoa

Do su d6i mau cta dung dich bang phuong phap quang phd, phuong phap dién hoa nhu do dién
thé, do cuong do dong dién hay do do dan dién.

3. PHAN LOAI CAC PHUONG PHAP PHAN TiCH THE TiCH
Nguoi ta thuong dya trén co sé phan tng dé phan loai cac phuong phap phan tich thé tich.
3.1. Phwong phap trung hoa

Phuong phap ding dé dinh lugng cac acid, base va mot s6 mudi trong moi truong 13 nude hay
moi truong khan. Phuong phap nay dua trén sy trao d61 proton H*

Thi dy: Pinh lugng acid hydrocloric bang natri hydroxyd

HCI + NaOH — NaCl + H,0

3.2. Phwong phap oxy hoa — khwr

Dua trén phan tmg oxy hoa — khir twong tmg vdi sy trao doi electron giira hai chat: mot chét cho
mot hodc nhiéu electron, chat thir hai nhan electron.

Thi du: Dinh lugng sat 111 clorid bang dung dich thiéc
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2FeCl3 + SnCl2 N 2FeCl2 + SnCl4

3.3. Phwong phap két tia

Can ctr trén cac phan tng gitta chat can dinh luong vai thude thir tao ra hop chat it tan.

Thi du: phuong phép bac str dung thudc thtr bac nitrat dé dinh lugng céac halogenid.
3.4. Phwong phap tao phirc

Duya vao phan ng tao thanh phic chat. Phuong phap complexon dugc st dung phd bién dung
dinh lugng cac ion kim loai nhu dinh lugng calci va magnesi trong nudc voi thudce thir 1a EDTA.

4. KY THUAT CHUAN PO

Ky thuét chuan d¢ trong phuong phép thé tich noi chung rat don gian. Ky thuat thuong chi can
do thé tich cua cac dung dich v6i nhitng dung cu chinh xac nhu pipet, buret, binh dinh mirc. Cac
dung cu kém chinh xac nhu 6ng dong chi dung dé lay thé tich thudc tht dung di€u chinh moéi truong
phan ung.

Cac phuong phap dugce dung trong phan tich thé tich 1a phwong phap truc tiép va phuong phap
gian tiép.

4.1. Phwong phap truec tiép
Chat can dinh lugng phan (mg v6i dung dich chuan.
4.1.1. Chudn dé truc tiép

Phuong phap chuan do don gian nhét 1a tir buret d hiéu chinh chinh xac, ngum ta nho ting giot
dung dich chuan B vao mdt thé tich xac dinh dung dich hay m¢t luong céan xac dinh chat A di hoa
tan trong dung moi thich hop. Khi phan ng két thic, biét lugng dung dich chuan B dung dé phan
g v6i chat can dinh luong A thi c¢6 thé tinh ham lugng cta chit A.

Chuén db truc tiép thuong dung dé dinh luong mot acid b?lng mot base hay nguoc lai. Thi du:
Pinh lwong HCI bang dung dich chuian NaOH véi chi thi 1a phenolphtalein. Dung dich acid
hydrocloric duoc chira trong binh nén, dung dich natri hydroxyd chuin dugc thém tir tir timg giot
bang buret cho dén khi phan tmg két thiic dugc nhan biét nho vao sy d6i mau cua chi thi.

4.1.2. Chudn @ ngwoc hay chudn dg thira triv

Chuan d6 nay ap dung trong truong hop khong thé thyc hién chuan do truc tiép. Nguoi ta thém
mot thé tich chinh xac, du dung dich chuin B vao mét thé tich xac dinh dung dich hodc mot luong
can xac dinh A dé hoa tan vao dung mdi thich hgp. Khi phan ting két thic, luong du thuoc thu B
khong tham gia phan ing dwuoc chuan do bang dung dich thudc thir hd tro khac, da biét nong do
chinh xac.

Thé tich thudc thtr B trong chuan d6 nay khong duoc it hon 15 — 20 ml trong phuong phap da
luong.

Thi du: Pinh lugong Mngr bang phuong phap complexon:
Phuong phap nay c¢6 191 trong cac truong hop:

Khéng chon duoc chi thi kim loai thich hop cho ion can xac dinh. Chang han khong thé chuan d6
truc tiép C02+, AP véi chi thi den eriocrom T dugc vi chi thi nay tao voi C02+, INEM phtc bén viing
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dén ndi khong bi EDTA pha v4.

Ton can xac dinh nam trong tia BaSO 4> PbSO,,... lam phan ing v6i EDTA xay ra cham.

Chét can dinh luong khong tan. pH moi truong tuong ky véi phuong phap
truc tiep.

Minh hoa: Dé dinh luong Ba2+, nguoi ta cho lugng chinh xac complexon III ¢6 du, dinh lugng
du complexon bang MgCl, chuén.

] e

I | I EDTA dw (hrong chinh zac)
|_| Binh lreng du b:a’ng Mgl chudn,

4.2. Chuan d gian tiép (thé)

Nguoi ta dung phuong phap nay khi chat can dinh luong khong phan tmg véi dung dich chuan
nén can c6 mgt chat trung gian.

_ Thi dy: Dung dich natri thiosulphat 1a mot chét khir t6t dugc dung dé chun do cac chét oxy hoa
yéu nhu iod nhung khong chuan d6 duoc cac chat oxy hoa manh nhu KMnO,, K,Cr,0,. Vi vay
trude hét cho K,Cr,0, tac dung voi thudc thir trung gian KI B) trong moi Erudng acid dé giai
phéng iod, iod tach ra twong duong dinh lugng theo ty 1€ voi K2Cr207. Neéu chuan dd iod dugc giai
phéng ra [thay cho K,Cr,0-,(A,)] bang dung dich chuén chinh Na,S,0; (B) thi c6 thé tinh ra lugng
K,Cr,0, (A).

| Ez2CrCx
I Ellrgng dw

| Iz phéng thich treng drong dinh lrong
| NazS0s

5. DUNG CU DUNG TRONG CHUAN PQ BANG PHUONG PHAP THE TiCH
5.1. Dung cu chira

Binh nén, becher ding dé dung mau.
5.2. Dung cu khic d¢

Ong dong.
Pipet khac do.
Dung dé 1ay mot thé tich dung dich gan dung.

5.3. Dung cu chinh xac

Pipet chinh xac mét vach, pipet hai vach, phan phbi mét thé tich dung dich chinh xéc ¢6 dinh.
Buret ding dé dong mot thé tich chinh xac thay doi.
Binh dinh mirc dung dé pha mot dung dich c6 thé tich chinh xac, thudng dung dé pha dung dich
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chuan, pha lodng dung dich. Thé tich chat 16ng trong binh dugc biéu dién bang mililit. Trén binh
c6 ghi dung tich va nhi¢t d (thuong la 20°C). Céac binh dinh mirc thuong c6 dung tich khac nhau tur
25 —2000 ml.

Dung cu chinh xéc bfmg thuy tinh duogc chia thanh 2 loai:

Loai A:

Loai B: Sai s6 trong do luong thuong nhé hon 2%. Nhitng dung cu ndy chi dung trong pha ché
ma thoi.

Thidu I:

- Pipet chinh xdc loai A 20 ml c6 dung sai = 0,02ml c6 nghia la pipet c6 thé phan phéi mot thé
tich 1a 19,980 ml < thé tich phan phdi theo ly thuyét < 20,020ml. Nhu vay dung sai s¢ la

0,020
a0

Pipet chinh xac loai B 20 ml c6 dung sai 0,04 ml — £ 0,2%

100 = 0,10% -+ 0,10%

Binh dinh mtrc 100 ml loai A ¢6 dung sai la + 0,1 ml — 0,1%

A

BN o

Fipet khic do Buret Binh dinh it

Hinh 6.1. Mét s6 dung cu s dung trong chuan dé thé tich

5.3.1. Dung sai ciia mét sé dung cu loai A, B

Dung cu Thé tich (ml) Loai A Loai B
1 + 0,006

file://C:\Windows\Temp\kwcijklckga\hoa phan tich.htm 04/01/2013



Bo Y te - Hoa phan tich Page 82 of 225

2 + 0,006
Pipet chinh xac 5 +0,01
10 10,02
25 +0,03
Buret 50 + 0,05
10 10,02 +0,04
Binh dinh mtrc 50 +0,05 +0,10
100 0,08 +0,16

6. CACH TINH KET QUA

) bé tinh dugc két qua trong phuong phép phan tich thé tich can phai biét thé tich va ndng do cua
chat chuan.

6.1. Tinh két qua truong hop ding nong dé dwong lwong

Dbi v6i nong do dwong luong, ngudi ta két thac chuém do tai 1an can diém twong duong, & d6 s6
duong lugng (hay mili duong lugng) thude thir bang s6 duong luong (hay mili duong lugng) cia
chat can xac dinh.

Lay Vg ml dung dich chat B (cht chuan) c6 ndng do xdc dinh Ny dung chuan d¢ tai diém két
thac hét V A ml chét can dinh luong cé néng dO N,. Dé tinh néng dd cua chét A, ap dung quy tac: tai
diém tuong duong, tich cac thé tich (ml) cua cac dung dich chét phan Gmg véi ndong d6 nguyén chuan
cua chung thi bang nhau:

VN, =VgNg

Nong do chat A duoc suy ra tir cong thuc:

N, - YoNe
Va
Thi du:
N... _ 3830 x 00050
HEL = 35,00
Ny = 0,1224

Dung dich acid hydrocloric duoc chuan hoa bang dung dich natri hydroxyd chuén. ‘Né'u dé trung
hoa 25 ml dung dich HCI nguoi ta st dung 32,20 ml dung dich NaOH 0,0950N. Tinh nong do duong
lugng cua HCI.

Tir ndng d6 dugc xéac dinh, tinh dugc:
- Ham luong gam /lit
Pg/1=N AXEq
E,: duong luong gam cua chat can dinh luong.

N, ndng do cua chat A.

file://C:\Windows\Temp\kwcijklckga\hoa phan tich.htm 04/01/2013



Bo Y te - Hoa phan tich Page 83 of 225

Ham luong tinh theo phan traim C%:

s MK 100

mgi

mgA: khdi luong ciia A tinh bang mg.

TU KHOA
- Phan tich thé tich - Dung dich chuan
- Piém tuong duong - Chét chi thi
- Piém két thac - K§ thuat chuan d6
- Chét chuén - Dung cu chinh xac

CAU HOI LUQNG GIA

1. Trinh bay nguyén tic ctiia phuong phap phan tich thé tich.
2. Phan biét:

- Piém twong duong va diém két thuc.

- Chét chuin bac mot va bac hai.

3. Néu thi du minh hoa céc k¥ thuat chuén do.

4. Viét cong thuc tinh két qua trong phuong phap phén tich thé tich.
CAU HOI TRAC NGHIEM

1. Phuong phép phan tich thé tich 1a phwong phéap dua trén viée xac dinh
a) khdi lugng cua chat chuan khi phan tng véi chét phan tich.
b) thé tich chét chuén.

¢) luong chit chuan bac 1.

d) lugng chat chuan béc 2.

e) thé tich chat chuan bac 1.

2. Phuong phap phan tich thé tich dugc str dung rong réi vi

a) it ton thoi gian, it ton kém, k¥ thuat don gian.

b) it ton thoi gian, it ton kém, k¥ thuat don gian, chinh xac.

¢) nhanh, tién lgi, chinh xé4c va c6 thé tu dong hoa.

d) tién loi, k¥ thuat don gian, it ton kém va c6 thé tu dong hoa.
e) nhanh, tién loi, chinh x4c va it ton kém.

3. Viéc chuan d6 dugc thuc hién bang cach thém........... vao dung dich phan tich cho dén khi
phan g xay ra hoan toan.

a) dung dich chuan
b) chat chuan bac 1
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¢) chat chuan bac 2

d) thudc thir

e) chat chi thi

4. Pic diém ciua mot dung dich chuén:

a) bén, co cong thic xac dinh.

b) khong bi hat am, khéi lugng phén tir kha 16n.

¢) ¢6 nong do xac dinh.

d) bén, phan tmg nhanh, hoan toan va phan tmg chon loc ddi v6i mau.

o) bén, phan tng nhanh, hoan toan, phan tmg chon loc va c6 néng do xac dinh, it tén thoi gian, it
ton kém, k¥ thuat don gian.

Chuong 7
PHUONG PHAP ACID - BASE

MUC TIEU

- Néu duoc cdc khdi niém vé acid — base theo cdc thuyét Lewis, Bronsted.
- Trinh bay dwoc phan vung acid — base xay ra trong cdac dung moi co proton hoat dong.
- Stk dung dwoc cdc cong thire dé tinh pH ciia cdc dung dich ¢6 tinh acid -base.

- Trinh bay dwoc y nghia ciia phiong phdp chudn dé trung hod va biét cdach chon cdc chi thi
mau.

- Néu dinh nghia, thanh phdn, co ché va muc dich sir dung dung dich dém.

- Van dung cdc kién thwec dé giai thich phan ung acid - base trong moi truong khan va moi
truong co nuoc.

- Ung dung phirong phép acid — base dé dinh lwong cdc hoat chat c6 trong dwoc pham.

NOI DUNG
1. MOT SO KHAI NIEM CO BAN

- Theo Lewis: acid 1 chit c6 kha ning nhan di electron con base 1a chat ¢ kha ning nhuong
doi electron tu do.

- Theo Bronsted: acid 13 chit c¢6 kha ning cho H™ va base 1a chat c6 kha nang nhan H™.
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D P00 -9 @
(H (H) = (H)
Gido trinh nay duoc viét theo thuyét acid — base ciia Bronsted

1.1. Thuyét BRONSTED

Acid 1 chét cho proton HA &S A-+H' (7.1)

Base 13 chit nhan proton B+H" & HB* (7.2)

Theo (7.1), néu phan mg theo chiéu tir trai sang phai thi HA 13 acid (cho H") va néu theo chiéu
nguoc lai thi A-13 base (nhan HY).

Tuong tu, theo (7.2) thi B 1a chit nhan H': base va HB™ 1a chat cho H: acid.

Trong (7.1) HA / A- ta0 thanh 1 cap acid — base lién hop va trong (7.2) 1 cap BH' / B.
Viét gop (7.1) va (7.2) lai thanh:

HA + B s HBY + A~
acid 1 base 2 acid 2 basel

1.2. Két qua ciia thuyét BRONSTED

a) Tong quat hoa khai niém acid — base: khong xem acid hay base la nhiing chat hién dién riéng
ré nhung 1a 1 cdp acid — base lién hgp vi néu c6 acid 1a co base.

Thidy : HCl S CI” + H" (acid hydrocloric HCI lién hop vdi base clorid CI7)
NH; + H™ 5 NH 4+ (base amoniac NH; lién hop vo1 acid amonium NH 4+)

b) M& rong khai niém: acid va base c6 thé 1a phéan tir ma cling c6 thé 1a ion

acid base

NH; CHsCOOH HCOs™ IMHz CHCOO™ 05

2. PHAN UNG ACID - BASE / DUNG MOI CO H" HOAT PONG

Dung mdi ¢6 proton hoat dong 13 dung méi c6 tinh acid hay base va c6 thé tic dong 1én cac chit
tan acid hay base c6 trong dung dich.

2.1. Phan wng ciia acid-base véi dung méi (thuyét Bronsted)

Khi dung mdi ¢ proton hoat dong thi né s& anh huong dén chét tan va lic 4y dung méi s& dong
vai tro cia mot acid hay 1 base.

Thi du: Dung moi nudc co thé hodc 1a 1 acid hodc 1a 1 base.

Néu nuée 1a 1 acid H,0 S OH +H'

hay nuéc 1a base H,0+H" 5 H;0" (ion hydroxonium)
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Tuong ty, néu dung mdi 1a formamid hay con:
Néu formamid 1a acid HCONH, & HCONH +H'
hay formamid la base =~ HCONH, + H' & HCONH3
Néu con 1a acid ROH & RO +H'
hay con 1a base ROH+H" & EROHZ
Nhung H* khong bao gio hién hitu ¢ trang thai tw do ma phai cé 1 cdp cho va 1 c¢dp nhan.
Thi du:
HF + H,0 S F + H;0"
(HF va H;0: cho H", H,0 va F: nhan H")
NHy + H,0 S NH; + H,0"
acid 1 base 2 base 1 acid 2
(NH," va H;0": cho H", H,0 va NH;: nhan H")
2.2. Sy phan ly cia dung moi
SH: Ky hiéu ctia dung mdi c6 H™ hoat dong (S: solvent)
Do c6 thé cho hodc nhan proton ma dung méi khi 1a acid khi 1a base.

SH + SH S S + SH,' (7.3)
acid 1 base 2 base 1 acid 2

SH / S™: cé@p acid va base lién hop:

Thidu : 2H,0 S H3OJr + OH (H,0/OH)
[871[5H{]
. K= ——= 4
Theo (7.3): [SH]E (7.4)

- +
Khi dung méi SH i nwée : K= w
[HgO]

Thuc té [SH] hoic [H,0] duoc xem nhu 1a mot hang s6 vi ¢o rét it phan tir chiu su phan ly.
Thi du: Trong 1 lit nude co 1077 phan tir gam (hodc 1,8 pug nudc) bi phan ly thanh 100 ug H'
(dang H;0") va 1,7 pg OH™.

Vi dung méi it phan ly nén ndng do dung mdi coi nhu khong thay ddi va tir (7.4) ngudi ta c thé
Viét:

[8-]5HY = K % [SH]E = E; (hing 55 ion héa) 7.5
2

Hang s6 K, nay 1a tich néng d6 ion bi phan ly cua dung moéi: hang so ion hoa cua dung méi co
thé nho hoac 16n hon hang s6 ion hoa ctuia nudc.
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Thi du:
E; cia mrédc (=K e [OCH][H3 O =K e = 1071 (& 230 )
Eimeom [CHC[ CH3DH§] =10-17
Ei rmom [C2HsO ] [C,H;0HF] =10
Ei rH-coom) [HCOO[HCOOHS] =10
Chi y

- Thay vi viét [H;0"] ngudi ta viét [H'].
- Khi dung méi nudc tinh khiét thi [H3O+] =[OH] = +/ K

- Khi mot dung méi bat ky tinh khiét thi [ST] = [SHg] = .JK;
- K; thay doi theo nhit d.

Béang 7.1. Hang s6 ion hoa ctia nwéc & nhiét dé khac nhau

Nhiét do Krvso [H*] Nhiét o Kruoo [H*]
18°C 0,62 x 1014 0,79 x 107 25°C 12 x 1014 11x1077
23°C 1,00 x 10~14 1,00 x 107 100°C 58 x 10~14 76x10°7

2.3. Luc ciia acid hodc base trong dung méi c6 H' hoat dong

- Truwong hop 1 acid

HA + SH S A+ [SHI

acid + dung moi

ka4 JSHZ] _ [base][SH7] 76)
[H] [acid ] '

base + proton dugc solvat hoa

pK, = - IgK,; pK, 1a hang s6 phén ly néi 1€n lyc acid hodc base cuia mét chat.

Két qua: tinh acid cua chét tan cang manh thi cang d& phong thich HY, [SH2+] cang lon, K, cang

lon va pK, cang nho. Lyc cua base lién hop A— cang yéu khi acid cang manh.
= Hang sé pK . dung dé xdc dinh lwc ciia cip acid — base

- Truwong hop 1 base

B + SH S BH' + ¢
Base 1 dung moéiacid 5 acid 1 base tir dung moi
BHIS7] [acid][S™
Vi ¥, = [BHTI]  [actd][57] 7.7
[E] [baze]
Theo (7.5)

file://C:\Windows\Temp\kwcijklckga\hoa phan tich.htm 04/01/2013



Bo Y te - Hoa phan tich Page 88 of 225

0 [S”ISHE] = K, nén [S7] = [;g]
va theo (7.6) :
[acid] _ [SH]
base E,
[sHE K

Thé vae (7.7) Ky = = SH] hodic K, x Ky, =K,

a

Do do, Ky, lién quan voi K, bang h¢ thirc trén nén khi d€ cap dén luc cua acid — base s€ chi noi

dén K, va khong ban dén K.

2.4. Dy doan phan ung

Xét pK cua 2 cap acid - base
Thi du:
Acid acetic tac dong trén amoniac trong dung méi la nuéc.

Cap acid acetic / acetat: pK, = 4,74 va cap ion amoni / amoniac: pK, =9,2.
Phén tmg xay ra : CH;COOH + NH; 5 CH;COO™ + MH} (7.8)

[CHsCOO™][NHY]
- [CHCOOH][NHg]

Trong nudc, acid acetic bi phan ly va amoniac ciing bi phan ly theo phan tng cin bang c6 hing

_ [CH;COO™JE"] _ | 7.9)
1 [CH,COCH]|NH,] '
[NH,J[H'] . 92
g = =107 (7.10
: [MTH ] )
Hang s6 ctia phan (g gitta amoniac va acid acetic trong nudc dé dang tinh vi
- E + +
wr(7.9) > a9 1 - vt (7.10) > el [H]
[CH,COOH] [HY] [MHs] K,
[CH;COOTINHz] _ Ky _ e
[CH,COOH][MNH,] 3
Két qua: phan tung (7.8) cang dich chuyén vé phia phai thi —*L cang 16n hay 2% cang nho,

a3 4]

nghia la pK , —pK  cang lon.

2.5. Biéu thirc bing s6 cia SHJ

Khai niém pH ciia Henderson -Hasselbalch
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Theo (7.6) - 2ol _BHa] _ opy g [actd]

[base] K, * [base]

Trong thyc té, thay vi st dung [H'] cua dung méi (), ngudi ta sir dung — Ig[H"] = pH goi 1a thé
hydrogen ctia dung moi hay 1a pH.
[base]

pH=pE,+lg
[acid]

(7.11)

Khai niém pH dugc Henderson — Hasselbalch dé cap khi thuc hién chi trong dung méi nude s€
duoc tong quat hoa cho moi dung moi mién l1a dung méi nay phan ly giong nhu nudce.

Pinh ludt tac dong vé khoi heong dién ta theo hoat dé chir khéng phdi theo néng dé va pH twong
ing véi hoat do ciia H' trong dung méi.

2.5.1. Thay déi pH theo acid hay theo base

Hang s6 ion hoa dugc tuan theo trong dung mdi tinh khiét va trong cac dung dich:

- Néu nudc tinh khiét, mot phan tir dung moéi khi phén ly phong thich 1 H  va 1 OH .
-[H']=[OH]=10"", do vay pH cua nuéc tinh khiét 1a 7.

- Néu trong nudc c6 acid thi s& c6 H' chuyén tir acid vao nudc nghia 13 ¢6 xut hién nhimg ion
H,0™ phy. Do vay [H;0"] hay [H"] > 1077 va pH < 7, ndng d¢ acid cang I6n thi pH cang nho.

- Nguoc lai, khi cho 1 base vao nudc, base nay bi phan ly tao OH™ va vi K = [H"] [OH] nén

[OH] tang thi [H'] phai giam. Do vay [H'] < 107 va pH>7.

nudc

1.1.1. Pwong cong pH

pH 4 PH 7
7 H1,00365mg p. 1.000 = NAMOT &
B M) 0365mg p. 1.000 = NA0S j
5 Ho,365ma p. 1.000 = NF10° 3
2
- 4
4+ 365mg p. 1.000 = MO 3 5mg p. 1.000 1 36 5gi
- 3 o] >
3 /10 > 0,01My g M
HCI dam dac HCI dam
Hinh 7.1. pH theo sw pha loang dung dich HCI Hinh 7.2. pH bién thién theo sw pha lodng
(3<pH<7) dung dich HCI (0 < pH < 7)

_ Céc duodng cong nay minh hoa sy bién doi pH theo [H'] ctia méi trudng tinh bang ion cho phép
hiéu rang :

- Khi pH thay d6i 1 don vi thi [H'] thay d6i 10 1an (hinh 7.1).

- O ving pH nhé (khoang 0 - 2), [H'] thay d6i nhiéu ma pH thay ddi khong dang ké. Nguoc lai
khi tién gan dén sy trung hoa, [H'] chénh léch it cling lam pH thay d6i nhiéu (hinh 7.2).

2.5.3. Thay déi pH theo nhiét dé
Bang 7.2. Bién déi gia tri pH ciia nwéc theo nhiét do
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Nhiét do (°C) 0 15 23 30 37

pH 7,45 7,12 7,00 6,86 6,65

Chii y : bién doi nay rdt quan trong nhdt la trong linh viee sinh hoc. Gid tri pH binh thuong ciia
mdu do dwge ¢ 37°C: 7,35 < pH < 7,45. Do vy, khi do phdi ké dén sai sé khi thay déi nhiét dg.

2.6. Yéu to bén ngoai dznh huéng dén tinh acid va tinh base

2.6.1. Phdt hién tinh acid va xdc dinh luc acid ciia chit tan

Hoa acid HA vao d1~1ng moi ndo d6 c6 H' hoat d(f)ng. Néu dung moi c6 kha nang nhan H' cua
acid cang cao thi cang dé phat hién duogc luc acid ctua chat tan HA.

Thi du:

HCI yéu trong dung méi acid acetic nhung HC1 manh trong pyridin vi pyridin c¢6 kha ning nhan
H™ tir HCI cao hon kha ning nhan H' cua acid acetic.

Acidacetic  CHsCOOH + H* 5 CH,COCHZ
Pyridin CGHN + @ 5 CsHsIE

Nhu vay, dung mdi c6 kha ning nhan H™ cang cao (c6 tinh base) thi cAn bang cua 2 phuong trinh
trén cang dich sang phai : K cang lon = pK, cang nho = acid cang manh.

Trong cac dung moéi co tinh acid thi lyc cua cac chat hoa tan 13 base yéu s& ting 1én va nhiéu
base yéu lai tré thanh base manh (gidi thich tuong tu cho dung moi c6 tinh base).

Thi du:

Acid formic — 1a dung mai it c6 tinh base hon nudc — vi 13 acid nén kha ning nhan H' yéu, kho
phat hi¢n tinh acid = HCI trong acid formic la 1 acid yéu.

Nguoc lai formamid c6 tinh base nhiéu hon nudc - vi 1a base nén phat hién tinh acid t6t hon. Vi

véy acid acetic yéu trong nudc lai duoc coi nhu 1a 1 acid manh trong formamid.

2.6.2. Phdt hién tinh base va xdc dinh luc base ciia chit tan

Mot dung moi cho H 14 vi kha nang nhan H™ cta né yéu hon kha ning nhan H™ cua base hoa
tan. Sy khac biét kha nang nhan H" cta dung méi va chit tan base cang 16n thi tinh chat base cia
chat tan cang cao.

Thi du:

Amin, alcaloid dugc coi nhu la base manh trong acid formic (hodc trong acid acetic khan) nhung
1a base y€u trong nudc.

Uré coi nhu 13 base manh trong acid chloracetic va yéu trong acid acetic vi acid chloracetic c6
kha nang nhan H' thap hon kha ning nhan H ciia acid acetic.

2.6.3. Tinh twong déi ciia khdi niém acid-base

Mot chit c6 thé 1a 1 acid hay base tiy theo dung méi ma n6 duoc hoa tan: trong dung moi c6 kha
ning nhan H* manh thi chat tan nhuong proton va dugc coi la acid. Nguoc lai, trong dung moéi acid
(cho proton) thi chat tan c6 thé nhan proton va dugc coi la base.

- Thi du 1: Alcaloid 1a mot base yéu khi hoa vao nudc nhung lai 13 base manh khi hoa vao acid
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acetic khan.

HCI HZOOH H, O MH, MaZH
acid bacea
" Khd réing cho H #ng dén Khad n&ng nhdn H #ng din

Hinh 7.3. Thang biéu dién kha nang cho va nhan H*ctia mét sé dung moi

- Thi du 2: HCI luén luén 14 1 acid trong dung mai acid formic (HCOOH) vi kha ning cho H'

16n hon ciia dung moi nhung nude trong acid formic luén ludn 14 1 base vi nudc nhan H' cta dung
moi.

HC| HCOOH H.O MH;; NalOH
1

- o

acid baze

Hinh 7.4. Tinh acid cua HCI va nwéc trong dung méi HCOOH
Thi du 3: Khi dung méi la amoniac thi nudgc lai la 1 acid

HCI HCOOH H.O NIH3 MNaOH

acid baze

Hinh 7.5. Tinh acid cua HCI va nwéc trong dung méi NH,
Nhu vay:
- Dung méi nhan H™ manh nhét (c6 tinh base manh) thi cac chat tan s& 13 acid.
- Dung méi cho H' tét nhat (c6 tinh acid manh) thi cac chét khao sat s& 14 base.

2.7. Lién quan giira pH va pK_

2.7.1. Cong thikc tong qudt: theo (7.11)

[base]
[acid]

pH=pEK,+l1g

_ Day la cong thure c6 ]:hé dung trong moi tinh huéng. Nhung trong nhiéu truong hop nguoi ta co
thé dung cac cong thirc gn ding, nhat 1a d€ tinh pH cua dung dich acid hay base da biét dugc pK,.

2.7.2. Cong thirc gin ding dé tinh gid tri pH

Céc cong thire ndy chi c6 gia tri d6i véi nhirg chét phan ly H* yéu trong dung méi phan ly khao
sat.

bit cac ky hi¢u: HA: acid manh; B: base manh; Ha: acid yéu; b: base yéu.
* pH cia I acid yéu
Cho 1 acid yéu Ha, ndng d6 ban dau 1a ¢ trong dung méi nude:

Acid phén ly timg phan theo phuong trinh: Ha & H™ + a~
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Hing s6 ion hod ctia phuong trinh trén 13
[H')[a"]
[Ha]

a
Nuéc ion hoa theo phuong trinh: H,O0 & H' + OH~
ma [H][OH™] = K, = 10714, Vay ¢6 hai can bang sau :

c=[Ha] + [a7]
[H*]=[H"THE o +[H" I,
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(7.12)

(7.13)
(7.14)

- Theo (7.13): trong nhiing phan t&r Ha cho vao dau tién c6 cac phan tir khong phan ly: nong do

1a [Ha]; 1 s6 phén tir khac bi phan ly dé cho a™: nong do 1a [a7].
- Theo (7.14): H' 1a ciia:
Hodc nhitng phén tir nuéce bi phan ly ([H*], 0)
Hodc nhitng phén tir acid bi phéan ly ([HJF]H M)

C6 2 uéce luong sau:

- Ha xem nhu 1 acid du yéu (nghia 1a kém phan ly) dé s6 phan tir bi phan ly ¢ thé bo qua so véi

s6 phan tir khong phan ly. Nhu vay, c6 thé bo [a™] trong (7.13) va viét:
¢ = [Ha] + [a’] = [Ha]

- S6 H' do nuée phan ly xem nhu c¢6 thé bo qua so véi sé H' trong (7.14) do acid phan ly (gia sir

acid khong qué yéu). Do véy, c6 thé bo [H ™ I s0 v6i [H']y, va viét:
[H 1 =[H lap +H g, = [a7]

(do moi phan tir Ha bi phén ly giai phong a” dong thoi véi H).

Két qua: (7.12) duoc viét :

[H*]?
C

Viét theo khai niém p: pH=1/2pK - 122lgc

E.= hay [H* ¢ =E.c

* pH cua muoi cua acid manh va base yéu
Mot acid manh phan tng véi base yéu tao nén mot muoi:

HA + b — bHTA™

(7.15)

A~ 1a base lién hop voi acid manh HA nén c6 luc coi nhu bi bo qua, coi nhu 13 bang khong. Nhu

véy base nay khong phan tmg dugc véi bH' va phuong trinh (7.15) khong cén bang.
Mudi bH"A™ khi cho vao dung méi phan ly ¢ thé xem nhu bi phan ly hoan toan.

bH A~ > bH + A

Trong dung dich lac nay con acid bH" ¢6 luc that sy nhung cling chi 1a mdt acid yéu do lién hop
g g
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vo1 1 base yeu) co nong do c (tinh bang mol/l) ciia mudi va 1 base A~ (co luc = 0). Nhu vy chi
1a dung dich acid yéu va duoc tinh theo cong thirc tinh pH ctia dung dich acid yéu:

pH=1/2pK, - 12lgc

* pH ciia mét base yéu

Khi ap dung cho 1 dung dich nudc cua base b (ndng d6 dau = ¢) co thé suy luan gidng nhu
truong hop pH cua 1 acid yéu. Phuong trinh dién ta sy phan ly cua base va nudc:

b + H,O 5 OH + bH'; H,0 5 H' + OH
. HT b
bH" b+ H' va hing s6 ion hoa K , :% s Ko = [HT[OH-1= 10714,

Nguoita co :

c=[b]+ [bH'] ; [OH ]= [OH Jg,o+[CH s
Pé tinh gan dung, ngudi ta c¢6 : ¢ = [b] + [bH'] = [b]

[OH™]= [OH lg,o +[CH ) [OH] = [bH]
Biéu thirc Ka:
[He _[H')%c E.K

. hay [HYf= —2—e
[0H] K, c

E.=

Vitt theo khai niém pH thi:  pH=7+ épKa + %log C

* pH ciia mudi ciia mét acid yéu va base manh

Mudi nay tao thanh theo phan tng: Ha + B — BH™ + a~

Gidng nhu moi truong hop khac, khi hoa tan hoan toan mubi nay bi phan ly thanh BH" vaa™.
BH" 1a acid lién hop voi1 1 base manh B nén coi nhu acid c6 luc bo qua.

Base a™ lién hop voi mdt acid yéu Ha duoc coi nhu 1 base co6 lyc that su (cling chi 1a mgt base
yéu), trong dung dich chi c6 mdi base a™ 1a c6 luc that su.

Dung dich base a” thé hién 1a base yéu pH > 7 rat rd rang.
Nhu vay chi 1a dung dich base yéu va tinh theo pH ctia dung dich base yéu:

1 1
H=7+ —pEs+ —logc
B 213' 5 2

Thi dy : dung dich muéi kali carbonat, natri borat.

Chu y : Dung moi H,O bi thuy phan thanh OH ™ va H', H" sé phan vmg véi a” tao Ha nghia la

a” dwge phan tir hod (molarisation) tré lai bi H' ciia dung moi.
a- + H,O 5 Ha + OH”

* pH cua muoi cua acid yéu va base yéu

Mudi nay phan ly hoan toan trong dung dich giéng véi truong hop trude:
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b + Ha —» bHa — bH' + a~
bH™ (lién hop voi base yéu b ban dau) 1a acid c¢6 luc that sy du chi 14 acid yéu.
a” (lién hop v6i Ha ban dau) 1a base c6 lyc that sy du chi 1a base yéu.
Nhu véy lac ndy dung dich chira dong thoi mot acid yéu va mot base yéu va cac chat ndy phan
ung véi dung moéi nhu sau:
a+5H S5 +HawvaviHa+Ha 0 S o +HsOt nén K, = [I_IEI-I]%

[H+][b]

bHY+5SH S SHy* +bwdi Epy? (wibH* + HaO S b +HsO" va

SH+SHS sHA+ 5

Hang s6 ion hoé cua dung méi K. = [SHJF2 ] [S7] duoc tuan theo.

Hai hing s0 K, va K, .+ khong doc lap vi ndng d6 [H'] tim thiy trong ca hai phuong trinh. Va

do vay c6 thé lién két thanh mot biéu thirc duy nhét:

+
2. Ko = TPl 7I]

[Ha][bH*] (7.16)

Néu mubi trong dung dich c6 nong db c thi :

¢ = [bH'] + [b]

Cc [a7] + [Ha]

O day can minh hoa mot wée luong phu nhu sau:

Gia sir acid bH™ va base a” bi phan ly theo ti 16 rat gan, thi [b] ~ [Ha]

va & diéu kién ndy:  [bH']=c —[b] va [a’] = c — [Ha]. Do vay [bH] = [a7].

Phuong trinh (7.16) dugc don gian hoa : KaKbHJr =[H+]2 hay

1 1
pH= 5 pE.+ 5 pErH"

2.7.3. Két qud thwe nghiém ciia khdo sdt lién quan giita pH va pK

- Su dich chuyén tuong ho gitra acid va base: mot acid manh du6i mot acid yéu tir mudi cua nd
va mot base manh dudi mot base yéu ra khoi mudi cia no.

Thi du:
HCl + C4H;COONa — C,H;COOH + NaCl
NaOH + NH,Cl — NH; + H,O + NaCl

Hién tuong nay duoc mé ta nhu sau: mudi bi phan ly hoan toan trong dung dich va céc ion duge
phong thich phai théa man duoc nhitng can bang lién quan dén hodc acid hoic base yéu tuong tng.

Thi du: Mubi BH a™ bj phan ly thanh B + Ha va Ha bj phan ly thanh H™ + a” thi gia tri cua hing
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s6 ion ho4 K, phai tuan theo
Hi+a W) 2Ha+ & vl KE,=

Khi thém 1 acid manh HA, acid nay bi phin ly hodn toan sé lam tang [H'] va giit nguyén K,
durgc l‘f‘ do a- ciiq mudi bi phan ly sé két hop véi H' ciia acid manh HA dé tao nén phdn tir Ha. Nhu
vay diéu nay sé dwa tro lai sy lui ion hoa (reculisation) acid Ha.

2.8. Nhirng chit lwéng tinh / dung méi phan ly

2.8.1. Dinh nghia

Chat ludng tinh (ampholyte = amphotere) 1a chat cung liic ¢6 thé coi nhu vira 1a 1 acid vira 1a 1
base, thi du nhu nudc. Ngoai ra cling con nhi€u ki€u chat ludng tinh khac nhu:

- Cac anion c6 H' (la din chat ciia polyacid): carbonat acid HC'O3, phosphat H,PCO; va
HPOy.

- Cac hydroxyd kim loai: Zn(OH),, AI(OH);.

- C4c phén tir hitu co mang cung lic nhimg nhom cho H™: — COOH, — SO;H, phenol va nhiing
nhém nhan H: amin.

Nhiing chit dugc biét nhiéu nhét 1a cac o — amino acid NH,—-CHR-COOH ma tAm quan trong
sinh hoc rat 16n. Chit don gian nhét 13 acidNaminQacetic hay glycin. Ngoai ra ciing con nhiéu phén tir
nhu acid para—aminobenzoic va nhimg dan xuat sulfonic nhu taurin (NH,-CH,—CH,—SO;H) su
dung nhi€u trong nganh Duoc.

2.8.2. Tinh chit ciia chit lwéng tinh

Mot chat ludng tinh ¢ thé dugce xac dinh bang 2 hing sd K, va K, tuong ng voi tinh chat

acid va tinh chit base. Dé danh dau su lién quan cua 2 tinh chat nay, chit ludng tinh dugc tuong
trung bo1t HAB (HAB viét hoa khong biéu thi gi vé luc acid hay luc base).

* Tinh acid ciia chat hedng tinh

Canbang HAB+SHS SH}: +E A" yrong kngrng v cip HAR fBA™

Nguoi ta dinh nghia hang sé ¥ 4 cua HAB nhu sau:
[H][HAB] _[SH3][BAT]

. [HAEBH™Y [HAE]
Thi dyu: Glycine NH, CH, COOH (tinh acid) c6 thé phan tng v6i nude theo:

— +
NH, CH, COOH + H,0  NH, CH, COO- + H,0

_ [H30"][NHzCHCOO ] .
& [NH,CH,COOH] (7.17)

e Tinh base ciia chdt hedng tinh
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Chat ludng tinh HAB phan tng véi dung méi theo phuong trinh:
HAB+ SH & S° + HABH'
Vay, cdp acid va base HABH' / HAB ¢6 hing s0 K, 1a:

_ [H*[HAB] _ [T ][HABH ]
2 [HABH'] [HABI[SH]

(7.18)

Lay lai thi du cta glycine (tinh base) c6 thé tac dong véi nude theo:
NH,CH,COOH + H,0 5 NH,"CH,COOH"OH"

_ [HT[NH,CH,COOCH]

va K, = -
[WH5CH,COOCH]

Chua y: Trong truong hop cua nhiéu muodi, hang s6 K, duoc xac dinh giong voi hang so KhH+

* Lién quan gitta hai tinh chat

Gidng nhu truong hop 1 mubi cua acid yéu va base yéu, tinh chit acid va base ciing c6 mit trong
cung mdt dung dich va khong khao sat chung mot cach doc lap.

Xét mot hang sb méi 14 hang sd cua hai hang sb trude:
_[E)BAT] N [H[HAB]
1% [HAB]  [HABHY)

Sau khi don gian ho4, phuong trinh tr¢ thanh:
[H*[BA™)
aray T m (7.19)
[BAT]

pE, +pE, =2pH-lg ————
1 2 [HABH-'-]

(7.20)
a) pH dang dién (pH))

La pH ma ¢ d6 dung dich chita [HABH" ]= [BA"]. Gia tri pH nay dé suy ra tir phuong trinh

(7.20) vi khi phan tir thit hai 1g 22 1
[HABH™)

pHi=1/2 pE | + 1/2pK

triét tiu thi

Khi d6 néu pH < pH,, ion HABH™ chiém wu thé vi theo (3.7.a) néu pH giam thi [H'] ting va luc
d6 [BA] phai giam va [HABH™] tang.
Nguoc lai, pH> pH; thi ion BA chiém nhiéu hon.

Chuy: cong thirc tinh pH danh cho pH dang dién giéng véi cong thirc tinh pH gan dung cho
dung dich muoi cua mot acid ye€u va base yéu vi ¢ pH; thi dung dich chira cung ndng do acid va base
(giéng nhu truong hop ctia mot mudi bH a").

b) Amphion
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o o
[ & Il
HQN\HCH; C\ HBN\GHafC\
R R
Dang khdng proton hod Dang zwitterion chi yéu
réEt it cing cd mit trong dung dich trong dung dich

La nhiing chat ludng tinh c6 hai nhém chirc kiéu acid amin. O pH dang dién, dung dich chi yéu
khong nhitng chtra cac dang NH3+CH2COOH va NH,CH,COO™ ma con chura nhiing ion dong thoi

mang dién tich duong va di¢n tich am: NH3+CH2COO'. Ion nay goi la amphion hay zwitterion.

¢) pH cua dung dich luwdng tinh

Theo phuong trinh (7.11) pH phu thude vao nong dd cia mdi mot trong hai ion acid va base. Do
vay luat trung hoa dién tich ching to rang du phan Gmg phan ly san sinh mot hay nhiéu chat dién ly,
phan mg van trung hoa dién. Biéu thtrc tong quat 1a:

2. dién tich &m = X dién tich duong
Trong d6 tat ca anion va cation bi phong thich déu can thiép vao.
Trong trudong hop hién tai, tir nhitng phuong trinh:
HAB + SH — SH,"” + BA~ (dungmdila base)
HAB + SH — S~ + HABH' (dungmdi la acid)
cothéviét:  [HABH']+[SH,"]=[S7]+[BA™]  (luét trung hoa dién tich)
hoic: [BA™]=[HABH]+[SH,"-[87] (7.21)
Nong d6 [SH2+] va [S7] khong qué quan trong vi phai tudn theo can bang twong d6i cua dung
moi va hang s ion hod ctia dung moi K.: 2SHS S + SHzJr
Mot chat ludng tinh cé tinh chét acid hodc base nhiéu hay it hon do phu thudc vao pH cta dung
dich s& tim thdy mot gié tri gan voi JK; .
Thi du: trong nudc pH nay thuong 1a 7 £+ 3 twong g voi gia tri:
khi pH = 4 thi [H;07] = 10 va [OH] = 10717
khi pH = 10 thi [H;0"] = 10"1% va [OH] = 107
Ndng d6 [BA] va [HABH'] thuong > 10 va < 10710,
Trong (7.21) c6 thé bd qua hiéu s6 cia [SH, "] - [S7] va viét [BA'] ~ [HABH ]
Nhu véy, pH cua dung dich la: pH= 1/2 pK | + 1/2pK_, = pH,
Trong thuc té, cong thirc ndy chi ding trong pham vi hep cia cac acid amin.

3.SU TRUNG HOA ACID - BASE

3.1. Pinh nghia
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Sy trung hoa la mét thao tac co ban trong phén tich dinh luong dé xac dinh nong d6 cua dung
dich acid hay base. Khi X ml dung dich acid dugc trung hoa bang Y ml dung dich base va khi dé biét
noéng do chinh xac ciia mot trong hai dung dich thi dé dang suy ra ndéng do cua chat con lai. Piém
tuong duong dugc danh gia bang cach quan sat sy bién doi ndng d6 acid hay base khi tién gan dén
su trung hoa.

3.2. Phwong phap danh gia diém twong dwong
C6 hai kha niang danh gia, cha yéu 13 dung chi thi mang mau va chi thi dién thé.
3.2.1. Chi thi mang mau

Chi thi mang mau 1 chét cho vao dung dich dé d& dang nhén biét duoc diém két thuc cia phan
ung khi thay su thay d6i mau.

Theo Kolthoff (1926): “Chi thi pH la nhitng acid hay base yéu ma dang ion ciia né cé cdu triic
va mau sdac khac biét voi dang khong bi ion hod”.

Thuén lgi: Khi thém mot luong nho cua chét chi thi nay vao dung dich dugc dinh lugng thi mau
cua chi thi bién doi tirc thi gitra hai gia tri pH nao do.
Thi du: Phtaleine chi c6 mot cdu trac phan tir nén khong mau trong méi truong acid (hinh 7.6),

con trong moi truong kiém (pH = 8,3 - 10) né c6 nhiéu dang déng phan dudi dang ion nén xuat hién
mau (hinh 7.7).

O :: :: OH :: ::{“qi?
\\\ // OH_ -Hg O
0 @TZ

a b

Hinh 7.6. Dang lacton khéng mau trong moi trwdng trung tinh hay acid (a)

0 0 OH
0y Ul
‘I.M |‘l”

coo” Coo

Hinh 7.7. Dang quinon cua phtalein ¢6 mau trong méi trwng kiém (b,c,d)

S ‘ )
Ccoo

Hinh 7.8. Dang phenat cua phtalelne khong mau
c6 thé thay dwoc trong méi trwdng qua kiém.
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Nhitng chat duoc st dung lam chi thi dau tién 1 nhitng chat mau thyc vat nhu cac anthocyan.
Hién nay c6 nhiéu chi thi mau tong hop.

3.2.2. Co ché doi mau ciia chi thi

CAu tric electron ctia mot hop chat hitu co co thé thay doi bang cach thém hay mat di mot H'
hay mot nhom OH-:

Qua thi du trén, c6 thé khang dinh ring nhitng chi thi ndy chi yéu 1a nhitng hé théng cho hay
nhan H.
_ Nhimg chi thi theo pH trong day sau (bang 7.3) cho nhing dang Ar, AT
dong phan quang hoc (vong thom). Quan trong nhat la:

ot

o
- Phtalein: phenolphtalein, thymolphtalein ... p
0" O
- Sulfon phtalein: thymol- sulfon phtalein, phenol— sulfon
phtalein, bromophenol— sulfon phtalein. (hinh 7.9). Hinh 7.9. Sulfon phtalein

- Céac azoic nhu Helianthin. (hinh 7.10).
HC e, OH
N—<: :>—N=N G—0H -+ N= =MN-1= —_n.
5o ¢ I OH
Ho 00 HiC 0
Hinh 7.10. Cac azoic

Trong mdi truong acid: dung dich azoic ¢ mau dé vi hai dang dong phan c6 duoc do proton hoa
nito amin.

Trong méi truong kiém: dung dich azoic ¢6 mau vang vi con ¢c6 mot loat nhitng no1 doi lién hop
nhung c6 nhiéu kha ndng huy tai cho nhitng ndi doi nay.

- Dén chét anthraquinon (alizarin sulfonat Natri). Nitrophenol (hinh 7.11).

OH o ]
+
L —
CH
#D H';’?D N{f[]
i B WL
] o )]

Hinh 7.11. Nitrophenol mau vang trong méi trwong acid va dé trong kiém
Thong thudng, dé co thé sir dung thi mau sic hay chuyén doi thuan nghich.
3.2.3. Viing chuyén mau ciia chi thi mau trong méi truong nuwdc

O mét pH nhat dinh, khong ¢6 chi thi mang mau nao thay di mau dot ngdt. Sy thay doi nay xay
ra gitra 2 pH dé€ xé&c dinh vung chuyén mau hay khoang d6i mau.

Bang 7.3. pH va viing chuyén mau cia mét vai chi thi

Tén chi thj mau Mau Mau pH cta viing chuyén mau

Xanh thymol 1,2 2,8
do vang

file://C:\Windows\Temp\kwcijklckga\hoa phan tich.htm 04/01/2013



Bo Y te - Hoa phan tich Page 100 of 225

Xanh bromophenol vang xanh 3,0 4,6
Methyldacam (Helianthin) do vang 3.1 4.4
Xanh (1a) bromocresol vang xanh 3,8 54
Do methyl do vang 4,4 6,0
Tim bromocresol vang tim 52 6,8
Xanh bromothymol vang xanh 6,0 7,6
D6 phenol vang do 6,8 8,0
D6 cresol vang do 7,0 8,8
Xanh thymol vang xanh 8,0 9,6
Cresolphtalein khéng mau do 8,2 9.8
Phenolphtalein khéng mau do 8,3 10

Néu goi chi thi mang mau ¢ dang acid 1a | A chi thi dang base la Ig, thi :
+ L _
H,O + I, 5 Iy + H;0" wvoi I,=HIg

Ip]H"]
A

1 dé cd chnbing 1A Ky =

I
hodc pH = pK_ + lg% khi [I5 ]=[1,]; pH=pK,
A
Khi pH= pK , thi mau sdc cua chat chi thi dugc phan chia gita hai dang, luc d6 mau sic cta nd

nhay nht.

Lz I
Du cho pH 1a bao nhiéu, cling c6 thé viét: lg% =pH-pK,

&

. I I
o Néu pH = (pK , + 1) thi 1g%=1vé%=10
4

= [Iz ] =10 [I,]. Lic nay trong thue t¢ mau cta dung dich 13 mau cia dang base.

§ gl 1g]
® Néu pH = (pK, _ 1) thi logﬁz— 1 Vam:(),l

1 : . .
=>[lg]= 0 [1,]- Lic nay trong thye t€, mau cia dung dich la mau cta dang acid.

Do vay: gidi han cta ving chuyén mau cta chi thi khoang: pH = pK, £ 1.

Né'g dung chi thi cho chuan do ma vung d6i mau khong nam trong ving thay do6i dot ngot cia pH
thi s€ dan dén sai s6 vi khé nhén biét.
3.2.4. Chon chi thi mau trong phwong phap - acid base

Thi du: khi trung hoa HCI IN boi NaOH 1N thi lc t6i diém twong dwong vung pH thay doi dot
ngot rat rong, pH tr 3 — 11. Do d6 c6 thé Iva chon mot sb chat chi thi nhu sau:

Chi thi pH ctia ving chuyén mau
- Helianthin 3,1 > 4,4
- Gidy quy gan viing trung tinh
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- Phenolphtalein tu 8,3 > 10

Néu trung hoa mot base yéu bang mot acid manh hay trung hoa mot base manh bdi mot acid yéu
thi khoang pH thay d6i dot ngot sé bi giam di.

e Chay:

- Khi dinh luong, néu khoang pH chuyén mau cua chi thi cang nho thi sy chuyén mau cang rd,
khoang nay thuong la hai don vi pH.

- Nguoc lai trong truong hop do mau theo pH: néu sy chuyép mau cang trai ra mot vung pH lén
thi phép do cang d€ thuc hién. Thi du: xanh bromothymol chuyén mau vang & pH = 5.8; vang luc ¢
pH = 6.2; xanh 14 &6 pH = 7; xanh duong ¢ pH = 8.

a) Chi thi c6 thé sir dung trong nhitng ving pH qud cao hay qud thip

Céc loai chi thi nay cho phép thuc hién khi ndng do acid hay base 16n. Cha yéu lién quan dén céc
phép phan tich dinh lugng.

Thi dy: moi truong acid co néng do hoac pH khac nhau tim tinh thé s& c6 mau khac nhau:

trong dung dich tim tinh thé c6 mau trong dung dich tim tinh thé c6 mau
acid manh 5N vang pH=1 xanh duong

acid 2N xanh 14 pH=2 tim

acid 0,3N — 0,5N duong luc

Nguoc lai trong méi truong rat kiém ¢ pH = 12, tropeoline chuyén mau vang — d6 gach.
b) Chi thi hén hop
Nguyén tic: khi thém vao mot mau hd trg s& lam thay d6i sy chuyén mau cua chi thi chinh.
Thi du:
¢ Chi thj Tashiri
- Dung dich A: -Xanh methylen 1% / EtOH 25ml (mau hd trg)
- b6 methylen 1% /EtOH 100ml

- Diéu ché chi thi Tashiri: dung dich A: 100 ml; EtOH: 100 ml; nuéc: 200 ml. Thém NaOH
loang dén khi mat mau do;

O pH tir 5,45 — 5,50 mau hong — xanh 14. Chi thi nay thich hop dé dinh lugng amoniac.
* Chi thi hn hop hai phtalein
- Phenolphtalein 1% / EtOH 50% 20 ml
- Naphtolphtalein 1% / EtOH 50% 10 ml

O pH tir 9,6 — 9,7, mau tir hong — tim. Chi thi nay thich hop dé dinh lugng chirc acid tht hai
cua acid phosphoric.

3.2.5. Nong d¢ chi thi mau dwoc siv dung

+
Tirhingsb K, = 2t 1 Usl_ Eau

[Is] [I,] [H*]

file://C:\Windows\Temp\kwcijklckga\hoa phan tich.htm 04/01/2013



Bo Y te - Hoa phan tich Page 102 of 225

Tuy theo chi thi chi c6 mdt dang c6 mau (phtalein) hay 2 dang c6 mau (helianthin).
®* Trwong hop chi thi c6 mét nhém mang mau (monochrom)

Thi du:
phenolphtalein [T ] mau do6 va [I, ] khong mau. [I ] =

K
TR

O pH da cho: néu ndng do cua chi thi & dang khong mau [I,] cang 16n thi khi thay doi pH, su
chuyén mau cua chi thi cang dé thdy = uu diém: c6 thé cho 1 luong twong ddi 16n chat chi thi.

Thuorng thuong chi dung dung dich chi thi 2-3% (khoang 10 mg) dé tranh truong hop chét chi
thi c6 thé tiéu thy nhiéu thudc thir chuan do.

e Trudng hop chi thi cé6 nhiéu nhém mang mau (polychrom)
Thi du: helianthin [I, ] mau do va [I5 ] mau vang.

O 1 pH xac dinh, thanh phan cta hai dang mau nay khong d6i. Do vay khi cho 1 luwong thira chit
[Ig]

Iy

chi thi cling s& khong lam bién doi ty 18 "B va lai cang kho thay chuyén mau nén khong c6 1oi.

Trong thuc hanh, thuong thém 1 giot dung dich 2% (khoang 0,1 mg va 1a 100 lan it hon trudong
hop thém phenolphtalein).

3.3. Trung hoa mjt acid manh HA bing base manh B
3.3.1. Bién doi pH (Sw bién thién ciia pH trong qud trinh chudn dj)

_ Su trung hoa dung dich HCI bang dung dich NaOH véi cung thé tich, ciing ndng d6 cho thiy su
bién doi nhu sau:
- Luc bat dau : dung dich chi ¢ acid HA. Goi ¢ 1 nong d ctia dung dich acid HA bi phan ly
1
hoan toan thi [H"] = ¢ hodc pH = l%E.
- Trong luc chuan d6: hdn hop lic nay gdbm mot dung dich acid HA chwa bi trung hoa va mudi
BHA do acid bi trung hoa.

Vi mudi BHA c6 pH giépg pH cua nude tinh khiét nén hon hop nay cubi cling c6 thé xem nhu 13
mot dung dich acid HA ¢6 nong do gidm dan. pH dugc tinh theo thé tich cua dung dich acid con lai.

- Tai diém tuong duong: hdn hop c6 duoc 1a dung dich ctia mudi BHA, pH = 7.
3.3.2. Thi du cu thé (trung hoa bang dung dich chudn N)

Trung hoa 100 ml HCI IN bang NaOH IN. Khao sat sy bién ddi va tinh [H'], pH trong ca hai
truong hop khong ké su pha loang va co6 ké sy pha loang.
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PHY .. ApoH pH 14 7 100mI HCID,1M duc: dinh Iudhg bing MaOH 0,18
12 1
109 wiung chuyén mél\
d Bigm tudng didng
£ pH=T7
4 wing acid
Wing kigm
2 .

0 20 40 60 80 100 120 140 160 150 200
WhaoH (M

Hinh 7.12. Bwéc nhay pH

Hinh 7.13. Trung hoa acid manh (0,1N) bang
base manh (0,1N)

Nhan xét: (trudng hop c6 tinh dén su pha lodng)

- Nho tir 0 - 90ml NaOH 1IN vao: pH bién doi cham (tir 0 — 1,3);

- Nho tir 90 - 99ml NaOH IN vao: pH bién d6i nhanh hon (tir 1,3 — 2,3);
- Nho tir 99 —99,9ml NaOH 1N vao: pH bién doi rat nhanh (tir 2,3 — 3,3);

- Nho tir 99,9 — 100ml NaOH 1IN vao: (khoang 2 giot = 0,1ml): pH bién doi dot ngot (tir 3,3 —
7); ApH = 3,7.

- Khi thém vao mét luong rat nhé NaOH 1IN (khoang 1 giot), pH ting rat nhanh tir 7 — 10,7 ;
ApH = 3,7.

Giai:
Béng 7.4. Bién déi [H* ] va pH khi trung hoa 100ml HCI 1N biang NaOH 1N
i tinh acid ctia dung dich
base acid
thém vao con lai [H*] pH [H*] pH
(ml) (ml) - P ~ — —
khdéng ké sy pha loang co ké sy pha loang
0 100 1 0 1 0
90 10 1.10" 1 5,27.10°2 1.3
% ! 1102 2 50310° | 23
99,9 0.1 1.10° 3 501.10% | 33
100 0 1.107 7 ApH=8| 1.107 7 ApH =74
100,1 thira 0,1 1101 11 210! 10,7
101 base { 1 11012 12 21012 11,7

_ Nhu vy khi trung hoa mdt acid manh bang mot base manh s& ¢6 mot bién doi pH dot ngot & can
diém tuong dwong. Khdo sat duong cong chuén dg s€ thay di€ém tuong duong twong ng voi di€ém

uon.

3.3.3. Anh hwéng ciia nong dg acid

Khi trung hoa dung dich HCI bang dung dich NaOH c6 ndng d6 loing hon trudng hop trén thi s&
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thiy khoang bién d6i pH dot ngdt thu ngan lai.

Thi du cy thé: Trung hoa 100 ml HC! 0, N bing NaOH 0,IN. Khao sat sy bién doi va tinh [H'],
pH trong ca hai truong hop khong ké su pha loang va c6 ké su pha loang.

Puong cong chuan do thu duoc gidng truong hop trén voi sy chénh 1éch mot don vi pH. Két qua
1a su bién d6i pH ¢ can diém twong duwong ludn nhanh nhung bao phtit mét ving pH nho hon : ApH =
5,4. (bang 7.5, hinh 7.14, 7.15)

Bang 7.5. Bién déi [H*] va pH khi chuin dd HCI 0,1N bing NaOH 0,1N

acid tinh acid ctia dung dich
_ base con lai [H*] pH [H] pH
thém vao (ml) (mi)
khong ké sw pha loang c6 ké sw pha loang

50 50 51072 1.3 333.102 | 19

90 10 1102 2 527103 | 23

99 1 1102 3 503104 | 33

99,9 0,1 1104 4 501.10° | 43

100 0 1.107 7 ApH=6 | 1.107 70 r ApH=54
100,1 thira { 0,1 1.10-10 10 2.10-10 9,7

101 base 1 11011 11 2101 10,7

100m HCl {ndng 44 ) dugs dinh Iuwang béng MaQ H ()

100 MaQHO,TH di T imesa L
oH 14 AN dinh lugng bang HCI 0.4N .. (2 5201 /_/—-czz.
% {3y =001 //——-—ES}
- ! M4 (4 c=0,001 (,f—-—-———f‘”'
10 4 ]
1 8 d )
8 | Biém tong dudng - Diém tuong duang
. pH =700 i pH =700
4 4 4 'l:qi—///
2| T
100 HCI 0,1M dinh tomg béng NaOHO AN .. o T
D 20 40 6D S0 100 120 140 160 130 0 20 40 EO S0 100 120 140 160 180
“haoH rHen (M) haon (M)
Hinh 7.14. Trung hoa acid manh (0,1N) . Hinh 7.15. Trung hoa acid manh (c)
bang base manh (0,1N) hoac ngwoc lai bang base manh (c) véi cac nong doé khac nhau

3.3.4. Anh hwéng ciia ban chét acid manh

O cung nong do, duong cong chuin do cua cac acid manh khac nhau nhu HCI, H,SO, lai giéng
nhau vi nhiing acid nay phan ly hoan toan.

3.4. Trung hoa mdt base manh B bang médt acid manh HA

Puong cong chuin do cua trudng hop nay s& dbi xtng véi trudong hop trung hoa mot acid manh
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HA bing mot base manh B va bién d6i pH ciing duoc quan sat gan diém tuong duong.
3.5. Trung hoa mjt acid yéu bang mdt base manh B

3.5.1. Bién doi pH

Sy trung hoa dung dich CH;COOH (Ha) bang dung dich NaOH véi cing thé tich, cing nong do
cho thay sy bién ddi nhu sau:

- Ltic bat dau : dung dich chi c¢6 acid yéu. Goi ¢ 1a ndng do ban dau cua dung dich Ha.

. 1 1
pH duogc tinh theo cong thirc tong quat : pH = 5 pKa ~5 loge

- Trong liic chuan d6: hdn hop gébm mot dung dich acid Ha chua bi trung hoa va mudi BHa do
acid bi trung hoa, nghia 1a mot dung dich acid Ha (néng d¢ giam dan) va base lién hop [a-] (ndng d6
ting dan).

Nong do [Ha] va [a-] lign quan boi cong thirc :
[a ]

[H*]x[a"]
Ll S Sl H=pKa+log-—- 7.22
= pH=p e (7.22)

E.=
Tinh [a™], xét cac phuong trinh:
BH'a~ — BH'" + a (phan ly hoan toan)
a + HzO Y OH +Ha
Ha S H +a
H,0 S H'+OH-
Co6 thé viét: [BH'] + [H"] = [a7] + [OH] (ludt trung hoa dién tich) (7.23)

Mudi BH" a” 13 két qua do trung hoa acid Ha béi 1 base B thém vao va phan ly hoan toan, ta c6:
[BH] = [B] véi [B] la ndng do base cho vao mdi truong.

Vi Ha 12 acid yéu - phan ly it cho nén [H' ] <<< [BH'] va [OH ] <<< [a] (mudi phan ly hoan
toan) nén néu boé qua [H'] va [OH] trudc [BH'] va [a7] thi biéu thirc (7.23) trd thanh:

[a] ~ [BH'] =[B] (7.24)
Tinh [Ha]:

Luc dau, Ha ¢6 nong d6 c¢. O mot thoi diém chuan do nao d6 Ha sé tim dwoc dudi dang a~ hodc
Ha. Nhu vay:

¢ =[Ha] + [a"] hodc [Ha] = [c] —[a]
Thé [a] bang gia tri tim thiy trong (7.24) thi [Ha] = [¢] — [B]
Tinh pH :
phuong trinh (7.22) ¢6 thé thay thé Ha va a™:

_ [E]
pH=pEa+log - [E] (7.25)
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) . , A, W oa. Bl cfd
Khi [B] = ¢/2 (ltc phan nira [Ha] dugc trung hoa) thi: -18] = c- iz

dic biét nay cua pH (goi 1a pH ban trung hod) khong lién quan dén nong do acid.

= 1; vapH = pK,. Gia tr]

Chu y: thuong thi udc luong bé qua [H'] va [OH™] chi c¢6 thé chap nhan khi pH giita pH = 4 va
pH = 10.

- Tai diém tuong duong: hdn hop thu duge 13 mot dung dich mubi BHa coi nhur 1a mét dung dich
base a” ¢c6 pH duoc cho theo cong thirc tong quat :

1 1
rH=7+ §pKa+§1ogc.
3.5.2. Thi du cu thé (trung hoa bang dung dich chudn N)

Trung hoa 100 ml CH;COOH 0,1N bang NaOH IN. Khao sat sy bién doi va tinh [H'], pH. (pK
cua acid acetic =4,74)

Giai:
Bang 7.6. Bien doi !:)H khi chuan d4 CH,COOH pH 14 - 100ml CHC;COOHD, 1M (pKa = 4.76)
0,1N bang NaOH 0,1N i ] durds dinh ludng béing MaH O, 1M
- - - - ] Wing chuydn mau

base acid con lai | pH cda hon hop 10 cha chi thi

thém mb {1 bl
vao (ml) 8 EIF'TH =I:|I':|Ka=4ITl? . Bi&m tugng dubng
0 100 287 5 - 1&m ban trung hoa pH=273
50 50 4,74 4 ] |
90 10 5,69 ] PWiangdém .
99 1 6,73 2 4 ‘ WViing kidm
99,9 0,1 7,73 Vingacid
100 0 8,73 0 20 40 B0 B0 100 120 140 180 190
100,1 thtra 0,119,7 _ “NaoH (ml)
101 |base { 1107 } ApH=1

Hinh 7.16. Trung hoa acid yéu (0,1N)
bang base manh(0,1N)

Theo bang 7.6, so v6i viéc trung hoa HC1 0,1N bang NaOH 0, 1N, bién d6i pH nhu sau:

Trinh tu bién ddi pH % acid duoc bang 7.6 bang 7.5
trung hoa (ApH) (ApH)

- Lic bat dau pH bién d6i nhanh 0 - 50% 1,87 0,5

hon: 0-99% 3,86 thay 23

- Ké d6 pH bién déi twong tu 99 - 99,9% ! oy

- Yéu hon khi t6i sat su trung hoa: 99,9 - 100% 1 2,7
100-100,1% 1 2,7

. Chu y : khi thira base manh B thi pH thay d6i gidng trudong hop cua viéc dinh lugng acid manh
bang base manh (bang 7.5) vi hon hop luc nay 1a dung dich cua 1 base manh B va base yéu a- ¢ thé
coi nhu chi c6 base manh B.
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Nhan xét:

Khi trung hoa mot acid yéu bang mot base manh

Page 107 of 225

thi su thay d6i pH can diém tuong duong sé it

hon trong trudng hop trung hoa mot acid manh bang mot base manh.

pH 4 pH %
121 12 |
1t F’ 11t
10t 10t
al al
al & al
Tt TE
6| 6|
St St
4| 4|
3t 3k
2| 2|
1k 1t

0 =0 20100 0 50 90100
Baze manh

Hinh 7.17. Trung hoa:

a) mot acid manh bang 1 base manh.

b) mot acid yéu bang 1 base manh.

Thém + 0,1 ml dung dich chuan d6 quanh gia tri Iy thuyét 100 ml, pH bién d6i 1a 2 (d6i véi

truong hop trung hoa acid manh bang mot base manh

Puong cong chuan do giéng nhitng truong hop

pH bién ddi 1a 5,4).

trude. Cha y: diém twong dwong ludn ludn 1a

diém udn cua duong cong chu?ln dd nhung gia tri pH # 7. Mat khac, khi trung hoa 50% acid thi
duong cong nay c6 mot diém uon thir hai twong img va lac d6 pH = pK, (hinh 7.18).

Anh hudng ctia ndng d6 acid: cong thic (7.23) chiing t6 rang:

- pH ¢ giai doan ban trung hoa: doc lap véi [Ha]

- pH cua dung dich dau va pH tai diém tuong duong: phu thudc vao [Ha]

Két qua: Pudng cong ciia mot acid yéu véi cac do pha loang khac nhau khi chuan d6 déu di qua

diém udn: pH = pK_ (bén trung hoa). (hinh 7.19)

100mI CHC4COOH (ning 88 ¢
dinh Iudng bAng MaZH (nidng dd c)

pH 14_Den c=1 Blan
184 c=01 o
12 4 ¥anhc=001
Vang c=0001 pH=823 Xanh
1 pH=872 Varg
10 pH=8.23
pH=7.23
54 Bigm tudng dudng
89 pH=pK, =476
4
; 1 Wing dem .
Z Ving acid Vung kiem
0 20 40 a0 a0 100
“haon (mi)

Hinh 7.18. Trung hoa acid yéu (c) c6 néng dd
khac nhau bang base manh (c)

3.5.3. Anh hwéng ciia logi acid yéu
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pH 14 | dinh lwrangbéng MaCH 1M
e
_ {2y Ka=10%
8 ,/@/—/’/ (3 Ka= 107
/@—/—// (4) Ka=107
8 %—/ (5) Ka = 10
/iﬂd,—/ (B) Ka =10
4 2
W
o Yingacid Wing kiém
O 20 40 B0 20 100 120 140 180 180
“Nan

Hinh 7.19. Trung hoa cac acid yéu (1N) c¢6 K
khac nhau bang base manh (c)

04/01/2013



Bo Y te - Hoa phan tich Page 108 of 225

Cac gia tri pH phu thudc pK, cua acid. Acid cang yéu pK, cang lon, duong cong trong thang pH
cang cao, pH & diém tuong duong cang cao va budc nhay pH can diém twong dwong trai ra trén mot
vung nhd. (hinh 7.19)

3.6. Trung hoa mjt base yéu biang mot acid manh

Puong cong ddi xtmg voi trudng hop 3.5. va budc nhay pH & can diém twong duong ciing duoc
quan sat tuong tu.

Trudng hop nay pH thap hon 7 : pH = % pKa — % 1gC

pH 14 7 50ml MH; 0,1M dudc dinh lughg bAng HCIO 1M .

12
T, pH = pk; = 9,24
1047
1 TTTm=--l | Diémtudng dudng pH = 8,73
8 - N
pH = pk; = 4,75
5 ,l. Bigm tudng dudng pH = 527

|
I
I
)
I

]
L}

{ s0mi HC,CDDH 0,1 M dudc dinh Itdng bng NaCH 0,1M

0 20 40 60 80 100
“haoH (M0

Hinh 7.20. Trung hoa base yéu (0,1N) bang acid manh (c) va ngwoc lai
3.7. Trung hoa mjt acid manh HA bing mét base yéu
- Trong luc chuan do, hdn hop gém mot dung dich acid manh HA va acid yéu bH" (do su phan
ly muoi bHA va véi mdt udc lugng chap nhan thi dung dich duoc coi nhu chi ¢6 acid manh HA).

- Trude khi dén diém twong duong, dudng cong tuong ung khac rat it voi duong cong trung hoa
mot acid manh boi mot base manh, nhung sau diém tuong duong thi bién ddi pH dot ngdt kém tho
hon.

- Nhu vay, budc nhay pH ¢ can diém tuwong dwong trai trén mot vang pH nho hon truong hop
trung hoa acid manh béi mot base manh.(hinh 7.21)

3.8. Trung hoa mt acid yéu biang mot base yéu

3.8.1. Bién doi pH

- Luc bat dau: goi ¢ 1a ndng do ban dau ciia dung dich acid HA, pH theo cong thirc tong quat: pH
=1/2pK,-1/2logec.

- Trong lac chuan dd: bién doi pH hoi khac véi truong hop trung hoa acid yéu bang base manh.

- Tai diém tuong duong: hdn hop gém dung dich cia mudi bHa ma pH theo cong thirc tong quat:
H=1, pK, + Y2 pKbH*

Gia tri nay doc 1ap véi ndng do, gan bang 7 khi luc cia acid va base giéng nhau.

3.8.2. Diic diém ciia dwong cong trung hod
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- Trude diém tuong dwong: dudng cong trung hoa hoi khac véi trudng hop trung hoa mot acid
yéu bang mot base manh.

- Sau diém twong duong: hoi khic véi trudng hop trung hoa mot base yéu bang mot acid manh.

Két qua: Bién ddi pH & can diém tuong duong kém tho hon trong truong hop trung hoa bang
mot base manh. Budc nhay pH chi trai trén 1 Vung rat nho. Néu acid va base khé yéu thi diém tuong
duong khong danh dau duoc bang diém ubn nira nén rat kho xac dinh (hinh 7.22).

pH 4 pH &
1ol 10}
gl 9t
at gt b

7| It

&6} Bt

St St

4t 4t

3l 3
2F 21
1 T
v 50 90 100 50 90 100
Hinh 7.21. bwéng cong. chuan do khi trung Hinh 7.22. Bwong cong chuan do khi trung
hoa 1 acid manh bang 1 base yéu hoa 1 acid yeu bang 1 base yéu

3.9. Trung hoa acid da chirc (polyprotic acid)

Van dé dit ra 1a cac lyc acid khac nhau cia cac chue acid trong mot acid da chirc ¢ thé duogc
xac dinh dugc khi trung hoa hay khong nghia la néu dudng cong chuin d6 trung hoa c6 nhiéu diém
udn thi cac diém ubn nay s& trong tng vai timg diém twong dwong cua cac chirc acid hay khong.

3.9.1. Cac chirc acid co6 lwc manh

Puong cong trung hoa 1 acid manh (cho tit ca acid da chtrc hay don chirc c6 lyc manh) bang 1
base manh ludn gidng nhau. Két qua 1a trong lic chuan d6 khong thé phan biét nhiéu chirc acid khac
nhau ctia mdt acid da chuc (polyprotic acid). Nhu vay, trong moéi truong nudc thi duong cong trung
hoa ctia HCI IN bang NaOH 1N gidng nhu truong hop chuan do H,SO, IN bang NaOH IN va phép

dinh luong khong tach biét dugc hai chuc acid cua H,SO,.
3.9.2. Cac chirc acid co lwc khdac nhau

C6 thé phan biét nhimg diém twong duwong khac nhau véi diéu kién 1a luc cua cac chic acid
trong mot acid da chire phai da khac.

Thi du: c6 thé phan biét luc cta ba chirc acid khac nhau cta acid phosphoric H,;PO,.
pE, =21 (HPOy 5 HY +HaPOY)

pK,, =72 (HPO; S H* + HPOS

pK,, =124 (HPOF S H' +POJ7)

Nguoi ta ¢6 thé tinh gia tri pH tuong tng & nhimg diém khac nhau cia dudng cong trung hoa
H;PO, 0,1M bang NaOH 0, 1N khi bo qua sy pha loang (hinh 7.23)
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[HPO4*7]=[PO4 %]
pH 14+ pke =124

Doy cong 12r Bidm két thc
chuan do cua
acid 10F  [HPOsT)=[HP O thir ba
phosphoric kg =72 1%
(HsPO) 8: ______________
I . .
Bk [HsPO4]=[H:PO47] thir hiai

4 Pk = 2,1

]
]
]
1
]
1
]
L] x i .
V Bigm kétthic
:
I
I
I
I
l
thir nhat !
]

I
I
I
i
Bidm két thiuc
|
1

o K « ]
Ka=2.2 1 PFa=T.2 pkg=12.2
P oo P op _JTL e A
I
H CH CH 0
fa® ha Wl

Hinh 7.23. Trung hoa acid da chirc yéu bang base manh

- Lic bat dau: (chi xét chirc acid thtr nhét, nhitng chirc acid sau ¢o luc yéu, c6 thé bo qua).

1 1 1 1
H= —pE, - —lgc= —.2—- = 1g0,1=1,05 - (-0,5)=1,55
P 5 PRy~ Slee= o 5 1 (—0,5

- O giai doan ban trung hoa ctia chirc acid thir nhét:
pH=pE =21, pE, yéu, gi tri pH nho.
O diém tuong duong th nhit (xem nhu hdn hop lic nay 1a dung dich cua chit ludng tinh
H,POZ™, bo qua chirc acid thir ba do Iyc yéu nhat).

1 1
pH= 2 PR,y o pK,, S1L05436=465

- O giai doan béan trung hoa ctia chirc acid thtr hai : pH = pE,, =72
O diém tuwong duong thir hai (xem nhu hdn hop lac nay 13 dung dich cta chat ludng tinh

H.POi):
1 1
rH= 5 PKag + 5 pKa3 =36+62=915

- Ban trung hoa cta chirc acid thirba : pH =pK, =124

O diém twong duong thr ba (xem nhu hdn hop luc nay 1a dung dich cua base POE') :
pH=7+ % pE,, + %mgc =7+62-05=127

Nhu véy, ¢6 thé xac dinh 13 hai diém tuong duong dau tién d¢ dinh luong hai chirc acid dau tién.
Nguoc lai, di€ém twong duong thir ba khong thé danh gia trén dudng cong vi chuc acid thir ba c6 luc
qué yéu.
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3.9.3. Cac chirc acid ciia mjt acid da chire ¢é cdc pK gin nhau
Dé phan biét duoc rd rang hai diém twong duong thuong phai xét: pK 2 —PE 24

Thi du : Acid tartric pK,=2,5; pK,= 4,2 khong thé xac dinh rd 2 diém tuong duong.

3.10. Két qua thuc nghiém trong phén tich chuin dd

Khi tong két cac duong cong chuan do, nguoi ta thay c6 nhitng nét chung :
- Piém tuong duong 1 diém udn cua dudng chuin do.

- Céc duong chuan do c6 thé khac nhau vé dang lac gan dén diém twong duong nghia 1a khi co
su thay do1 vé pH.

+ Néu acid va base manh: Thay d6i nay rat dot ngdt va phu mot ving pH rong 16n.

+ Néu mot trong nhitng chat doi khang yéu va chat kia manh: thay doi kém dot ngdt hon nhung
pht mdt vung pH con c6 thé danh gia duogc.

+ Néu acid va base déu 14 hai chat yéu: Thay ddi tir tir va kho phén biét duoc ving thay doi pH.
Vi diém tuong duong dugce danh gia theo su thay doi pH ngudi ta c6 thé két luan:
- Pinh luong c6 thé dat dén sy chinh xac 16n néu hai chat di khang déu manh.
- Pinh lugng c6 thé thuc hién chinh xac khi mot trong nhimng chat dbi khang yéu.

- Pinh luong s& kém chinh x4c néu 2 chét ddi khang déu yéu.
. o a x . . dpH
Chu y: B¢ danh gia diém tuong duong de hon, c6 thé vé duong dao ham bac nhat 5? =V
M&i diém udn twong Gmg véi mot cuc dai ciia dudng dao ham nay.

a) Chon thudc thir chudn do: chon nhimg chat phan ly H manh trong dung méi khao sat.

b) Chon nong dp thudc thit - khi pha loang 1/10 dung dich chét khao st, bién doi pH giam 2 don
vi. Do d6 d¢ dang két luan 1a khi thyc hanh v6i1 dung dich dam dac N hay N/10 thich hop hon la
dung dich qua loang (vi s€ kém chinh xac).

c) Chon dung moi

- Hoa tan nhét. Thi du : acid béo mach dai hoa tan trong ethanol dé hon trong nuéc.

- Phat hién tot nhat tinh acid (hay base): thi du: trong acid acetic, dinh luong alcaloid dé& hon
trong nudc.

3.11. Thuan loi ciia dwong chuin dd trung hoa

a) Danh gia lyc cua acid hay base

Dang cua duong cong va vi tri cia n6 s€ cho y tuong vé luc cua acid hay base. Nhu vay acid
cang yéu thi duong chuan dd cang cao va base cang yéu thi duong chuan do cang thap.

b) Xac dinh pK ,
- Bo pH ¢ lic ban trung hoa s€ xac dinh dugc pK, vi lac d6 pH=pK,.

- Po nhiéu pH trong khi trung hoa. That vay, pK, dugc tinh theo pH sau khi thém base chuan do
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[E]

= pH- IOE _[B] Tinh pK, bang cach do pH & nhing gia tri

[B] vao acid c6 ndéng do ¢ : PE.
[B] khac nhau, thi du: [B] = ¢/10, 2¢/10, 3¢/10...
- Trung binh nhiing két qua nay c6 thé c6 dugc pK, kha chinh x4c.

4. DUNG DICH PEM

Tam quan trong cua dung dich dém thé hién trén moi lanh vuc khoa hoc cua doi séng vi bat ky
mot h¢ thong sinh hoc nao cling phu thudc vao pH.

Thi dy: khi cho 1ml HCI 10M vao mdt lit dung dich NaCl 0,15M, pH = 7 thi dung dich méi s€ ¢6
pH = 2 nhung khi thém 1ml HCI 10M vao mét lit huyét twong c6 pH = 7,4 thi dung dich nay sé& c6
pH =7,2 (do trong huyét tuong c6 h¢ dém).

4.1. Dinh nghia

Dung dich dém 1a dung dich khang lai su thay d6i pH khi thém acid hay base manh vao dung
dich hoac 1a dung dich ma khi pha loang thi pH cua dung dich thay doéi it. Su thay doi1 nay thuong &
trong mot vung gidi han pH.

4.2. Thanh phan

Dung dich dém 1a dung dich chira trong mot dung mdi phan ly (nhu nude), hoac mot acid yéu va
muo6i cua mot acid yéu (= acid yéu va base lién hop cua no). Dung dich dém nay thuong c6 pH acid.
Hoic mot base yéu va mudi ciia mot base yéu (= base yéu va acid lién hop cta nd). Dung dich dém
nay thuong c6 pH kiém.

4.3. Co ché ciia hiéu ing dém

Xét mot dung dich hon hop cua acid (hay base) yéu va mudi cua base (hay acid) manh nhu dung
dich acid acetic (Ha) va mudi acetat Na (BHa) trong nudc.

Mudi hoa tan trong nudc phan ly hoan toan: BH" a —» BH" + a (7.26)
Truong hop acid trong nudc: Ha+H,05 H3OJr +a (7.27)
[H']x[a"]
E,="—
a [Ha] (7.28)

Trong cac biéu thuc trén:

- a” ¢6 duoc tir mudi BH' a™ (7.26) ma ciing c6 duoc tir acid Ha, do d6 [a” ] ting ty 18 thuan véi
[Ha]  (7.27).

- Pé duy tri gia tri K, 6n dinh thi khi [a7] ting [Ha] ciling phai tang (7.28) ma khi [Ha] ting thi
acid s€ khong bi phan ly (nghia l1a khong ion ho4 dugc) va nhu vay s€ co6 sy Iui ion hoa (reticulation)
cta acid. Diéu nay lai cang phai chi y khi cho acetat [a7] tir mubi (7.26) vao véi lugng cang 16n vi
[a7] lai két hop v6i [H'] cua (7.27) dé tao Ha. Luc Ay pH s& phu thudc vao ty 1é twong ddi cua acid
Ha va cia mubi BH' a™ (cac bang 7.7; 7.8; 7.9).

Nhu vay, khi trong dung dich ¢6 cac ion BH', a~ va H cling Iuc thi:

- Néu thém acid manh AH: acid nay khi phéan ly s& ting thém H™ nhung da s6 H' nay tac dong
v6i a” dé tao thanh nhitng phén tr Ha 13 acid yéu. Do vay pH thay d6i it.
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- Néu thém base manh B: base s& gin v6i H' tao acid BH™ (1a acid ¢6 luc gan nhu bang 0). Acid
BH" tiép tuc phan tmg vdi a” tao mubi BH' a”. Phan tng (7.26) lai phat trién vé phia su phan ly va
tao thanh base yéu a” va BH™ 13 acid ¢ luc gan nhu bang 0. Base manh B bi thé bang mot base yéu
a’, it bj phan ly. Két qua 1a pH thay ddi it.

- Gi61 han cua tdc dong dém: Néu tiép tuc thém vao dung dich dém hoac acid manh hodc base
manh thi s& dén lac hau nhu toan bd a” duoc trung tinh hod bang acid (hay nguoc lai nhitng phén tir
Ha s€ dugc trung tinh hoa bang base). Ké tir luc nay, thém mot lugng méi nhitng chit phan ly H'
vao nira s€ dan dén thay doi pH dot ngdt va tdc dong dém bi huy.

e Chiy:

Pé c6 tac dong dém, can phdi ¢ ciing lic mot acid yéu va mot base yéu lién hop. Do vdy, theo Iy
thuyét thi khéng thé dém véi chi mét acid yéu hay chi mot base yéu. Tuy nhién doi khi trong thiee té
ciing dém mét dung dich acid manh bang mét base yéu.

Thi du: trong thuc hanh, {chi déem mot dung dich nitric bdng lwong tfw‘m acetat Na thi truoc tién
acid manh tac dong toan phan trén acetat dé tao thanh acid acetic, ké do trong dung dich co mot
acid yéu (la acid acetic) va base lién hop (acetat) cua no. Bdy chinh la thanh phan cua dung dich
déem.

4.4. Dy doan kha ning dém nho vao dwong cong chuin dd trung hoa

- Kha nang dém: khoang pH ma trong d6 dung dich dém con nang lyc dém (phan tmg cho hay
nhan proton ma khong co bién d6i quan trong vé pH).

A
pH
2]
2
T
G T
oK 5 kbhd rng d&m
k- 1 4 L . |
3
2
1
0 N

% acid 44 trung hoa
Hinh 7.24. Puwong cong chuan do biéu dién kha ning dém

Khoéng bién déiv giéi han ctiia pH nay gan nhu nam ngang va thé hién bang mot do ddc rat nho
trén duong cong chuan do (hinh 7.16).

Trén hinh 7.24, ta thiy ¢ giai doan ban trung hoa pH = pK, thi c6 kha nang dém.
4.5. Panh gia kha ning dém

Khé ning dém cang 16n khi mot sb lugng 16n dung dich dém dugc cho vao dung dich khao sat. O
mot nong do xac dinh cua dung dich dém thi kha nang dém la 16n nhat khi c6 mat acid va base lién

hop ctia dém vé6i nong do twong dwong (equimolar). D6 chinh 1 vi tri diém udn ctia dudng chuan 4o
(hinh 7.24).
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Khi thuc hanh, dé dung dich dém con hiéu qua, ngudi ta nhan thiy nong d6 acid yéu [Ha] hay
[bH"] bang it nhat 1a 10% [base] (va nguoc lai).

pH ctia dém duoc tinh theo cong thirc tong quét lién quan dén pH va pKa:
[base]
[acid ]

pH=pE.+l1g

Nhu vay:
- néu [base] gip 10 lan [acid] thi pH = pK, + 1

- néu [acid] gap 10 lan [base] thi pH = pK, — 1
= kha nang dém: pH =pK_ + 1

Nhu véy, khi ¢6 qué nhiéu acid hay base thém vao thi pH s& vuot ra ngoai ving dém va pH sé&
tang hay giam nhanh. Kha ning dém lién quan dén lugng chat co thé thém vao dung dich ma khong
gdy ra mot sy thay doi hoat do ion c6 ¥ nghia nao.

- Dung luong dém (buffer capacity) acid — base ctia mot dung dich can duy tri pH: 1a s6 luong
(mmol) cua acid manh hay base manh thém vao 1 lit dung dich nay (mmol/l hay mM) dé lam thay
d6i 1 don vi pH.

4.6. Kha ning dém & pH rat thap (hay rat cao)

Khi trung hoa mt dung dich acid manh (HCI) trong nudc bang mot dung dich chuan base manh
(NaOH hay KOH) s& nhan thay dudng cong gan nhu bang phang giita pH = 0 va pH = 2 nghia 1a &
d6 c6 mot kha nang dém (du khong c6 diém udn nhu ¢ giai doan ban trung hoa).

Hién tugng nay dugc mo ta khi xét mdt acid manh va mdt base c6 luc gan nhu b?lng 0 (Thi du:
cap HCI/ CI").

Trong truong hop acid manh mét cach 1y tuong, tic dong dém van hién hitu vi n6 dung chinh
c@p dung méi H;O" / H,0.
[H0]

rH=pE +1g
[H,07]

Bang 7.7. Bém KCI — HCI gitra pH = 1,0 va pH = 2,2 (theo Clark va Clubs)

Dung dich KCI 0,2N (ml) 25 25 25 25 25 25 25
HCI 0,2N (ml) 48,50 32,25 20,75 13,15 8,40 5,30 3,35
Nwéce vira du (ml) 100 100 100 100 100 100 100
pH & 20°C 1,0 1,2 1,4 1,6 1,8 2.0 2,2

4.7. Tinh pH cia dung dich dém

Phan bi¢t hai truong hop

Dung dich dém chira acid yéu va base lién hgp cua no: néu hdn hop dém gdm acid yéu Ha va
base lién hop cua néd (dudi dang mudi Ma) thi trong dung dich c6 cac qua trinh dién ly:

* Truong hop acid trong nuéc: Ha + H,O0 5 H3OJr + a
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Ma S M + a

[H']x[a"]

Hiang s dién ly cta acid Ha duoc biéu dién bang hé thirc: K. = Hal
51

z \ A A N -+ - ) A N
trong d6 Cyy,, C,— Cyy, 1andéng do cac ion H', a” va Ha luc can bang.

C
Cm= K, T8 - g,
[a”] C-
Lay logarit va dao vé, ta co:
lgC lg E,+1 Cs hay pH=pE, +1 s
- +== a —— ha = a
gCH g cha ypH=p cha (7.29)

He¢ thirc nay cho phép tinh pH cila dung dich dém chira acid yéu va mudi ctia no.
Dung dich dém chira base yéu va acid lién hop cta né (duéi dang mudi Ma) :
* Truong hop base trong nudc: a~ + H,O % OH  + Ha

Ma 5 M" + &

He‘ing s6 dién ly ctia base a” dugc biéu dién b?lng hé thuc:

Ry = [OH ]_><[Ha]
[a”]
- C _
oH=k,. 21 _—g s
[Ha] CHa
Lay logarit dao 2 vé, ta co:
C, 2o
lgCop=-1gEy —lg—— haypOH=pEy - lg 2 (7.30)
I::Ha CHa

ma pH + pOH =14 = pOH = 14 - pH

»
pH=14 —pEy +1g 2
ljHa

Hé thirc nay cho phép tinh pH ctia dung dich dém chira base yéu va mudi cia no, trong d6 Con
C,- Gy, la ndng do6 cac ion OH", a” va cua Ha ltic can bang. pH nay chi phu thudc vao ty s6 nong do
acid hoic base yéu va mudi ctia n6 chir khong phu thudc do pha loang hdn hop.

4.8. Ung dung ciia dung dich dém

- Thiét 13p va duy tri hoat d6 ion hydro dé chuan hoa may do pH: cac dung dich dém hay duoc sir
dung c6 pH: 4,01: 7,00: 9.00

- Lam 6n dinh pH trong thanh phan pha ché ctia cac quy trinh dinh lugng do quang phd UV- Vis.

- Lam 6n dinh pH trong thanh phan ctia mot s pha dong khi trién khai sic ky 16ng hiéu ning
cao. (thi du: hé¢ dém phosphat...)

- Piéu ché cac dang dinh luong gan véi diém ding dién (approach isotonicity).

- Thyc hanh trong cac quy trinh phan tich, nhét 1a khi phan tich cac dich sinh hoc. Cac dung dich
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dém duoc dung trong cac h¢ thong sinh 1y duoc chon can than dé khong can thiép vao hoat tinh

duogc luc cta thude hay chirc ning binh thudng cia co thé.

Nhiéu thir nghiém va quy trinh dinh lugng trong Dugc dién doi héi phai diéu chinh dén pH mong
muon hay duy tri & pH chuyén biét bang cach thém dung dich dém. Khi do pH, can phai c6 dung

dich dém chuan.

Céc dung dich dém chil yéu dugc dung trong phén tich hoa hoc phai twong thich véi cac chat xac

dinh va thudc thir st dung.

4.9. Vai cong thirc pha ché dung dich dém theo pH yéu ciu

4.9.1. Dém cua acid yéu + muoi ciia acid yéu va base manh

Bang 7.8. Cong thirc pha dém aceto — acetic c6 pH =3,6 - 5,6

Page 116 of 225

Dd a. acetic N (ml) 185 176 | 164 | 14,7 12,6 10,2| 8,0 59 4,2 2,9 1,9
Dd acetat Na M (ml) 1,5 2,4 3,6 5,3 74 98| 12| 141 158 17,1 18,1
Nwéc cat v.d (ml) 100| 100| 100( 100| 100| 100| 100| 100| 100( 100| 100
pH 3,6 38| 40| 42 44| 46| 48| 50 5,2 54 5,6
Bang 7.9. Cong thirc pha dém acid citric — phosphat dinatri c6 pH =2,2 - 8,0

Acid citric 0,1M 98| 93,8 89,1 84,15 7945| 753 71,5| 67,8 64,5
Phosphat dinatri

0,1M v.d (ml) 100 100 100 100 100 100 100 100 100
pH & 21°C 2,2 2,4 2,6 2,8 3,0 3,2 3,4 3,6 3,8
Acid citric 0,1M 61,45 | 58,60 | 55,90 | 53,25 | 50,70 | 48,50 | 46,40 | 44,25 | 42| 39,55
Phosphat dinatri 0,1M 1 4100|100 100| 100| 100| 100| 00| 4100]|100| 100
v.d (ml)

pH & 21°C 4,0 4,2 4.4 4,6 4,8 50 5,2 54| 5,6 58
Acid citric 0,1M 36,85 33,90 | 30,75| 27,25 22,75 | 18,15 13,05|9,15|6,35|4,30| 2,75
Phosphat dinatri

0,1M v.d (ml) 100 100 100 100 100 100 100 | 100 100 | 100| 100
pH & 21°C 6,0 6,2 6,4 6,6 6,8 7,0 72| 74| 76| 7,8| 8,0
4.9.2. Pém ciia base yéu + muéi ciia acid manh va base yéu

Bang 7.10. Cong thirc pha dém “tris” hay THAM
Tris 0,2M (24,20g/1) 25 25 25 25 25 25 25 25 25| 25
HCI 0,2N 22,1 20,7 19,2 16,3 13,4 11,0 8,3 6,1 411 2,5
Nwéc cat v. d (ml) 100 100 100 100 100 100| 100| 100| 100| 100
7,2 7,4 7,6 7,6 8,0 82| 84| 86| 88| 9,0
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Tris (hydroxymethyl) amino methan c6 pH =7,2 - 9,0

Trong céc thi du trén, nhiéu cap acid - base lién hgp dugc van dung nhu: acid citric va céc ion
citrat; phosphat diacid - phosphat monoacid.

Ngoai ra trong cac duoc dién (USP, BP....) ciing c6 néu cach pha ché nhimg cong thic dém
chuan thuong dung khac.

5. UNG DUNG CUA PHUONG PHAP ACID -BASE
5.1. DPinh lugng acid

5.1.1. Dinh lwong acid manh trong nwoc

. Né:u dinh lugng mot acid manh bang base manh voi ndng do cao thi bude nhay pH dai, do do
hau hét chi thi déu stir dung dugc. Khi dung dich dugc pha loang (0,01N) pH thay do6i yéu hon nén
chon lya chi thi phai giéi han.

Bang 7.11. pK cua vai acid trong nwérc.

acid vo co pK, | PK, | PKy acid hitu co PKy | PKy | PKg
sulfuric H,SO, 1,9 oxalic 1.2 4,3

sulfuro H,SO, 1,8 7,2 tartric 2,5 4,2
phosphoric H,PO, 2,1 7,2 12,4 |citric 3,1 4,8 6,4
arsenic H,AsO, 2,2 7,0 11,5 |formic 3,8

hydrofluoric HF 3,2 lactic 3,9

nitro HNO, 3,3 benzoic 4.2

carbonic H,CO, 6,4 10,3 acetic 4,7

sulfuro H,S 7,0 | 13,8 diethylmalonyluré 7,4

boric H,BO, 9,1 12,7 | 13,8 [phenol

cyanhydric HCN 9,4 9,9

5.1.2. Pinh lwong acid yéu trong nwéc

Khi dinh luong céc acid mach thang ¢ trong luong phan tir hoi cao nhu cac acid alcol (acid
lactic, acid tartric, acid citric) bang kiém thi su chuyén mau xay ra trong ving kiém. Dung dich dé
chuan d6 khong dugc c6 carbonat (baryt).

Néu ndng do acid qua thap, ving chuyén mau kéo dai nén thich hop hon 1a phai thay d6i dung
moi.

5.1.3. Dinh lwong acid rit yéu trong nwéc (acid béo ning, acid boric)

Diém twong duong dugc tim thiy ¢ pH rat cao nén chi thi sir dung khéng chuyén mau hoan toan.
Phai kich thich tinh acid bang cach sir dung mot trong nhirng phuong phap sau:
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- Hoa tan acid rat yéu trong mot dung méi tro nhan proton (butylamin, ethylen diamin, dimethyl
formamid, pyridin, tetrahydrofuran) va dung dich dé chuan do 1a natri methylat hay hydroxyd
tetrabutyl- ammonium. Trong trueong hop nay, anhydrid carbonic c6 vai tro mot acid manh do dé
phai thyc hién trong khi quyén nito.

- Hoa tan acid ré:c yéu trong mot dung mdi khac t6t hon nude: ¢6 thé dung con tinh khiét dé thu
dugc dung dich ¢6 nong d6 ddm dac nham dinh lugng tot nhat. Thi du: acid béo day dai, it tan trong
nudc nhung tan trong con.

pH 1

Hinh 7.25. Lién két cua boric Hinh 7.26. Chuan db chi acid boric (1) va chuan do
v&i nwéc acid boric khi c6 mat mannitol (2)

- Tao phirc dé cé thé 1am ting tinh acid: Thi dy: acid boric (pK = 9,2) qéu c6 mdt polyol
(glycerol hay mannitol) s€ tao phirc. Phure polyol-boric ¢6 pK, = 4 dé dinh lugng bang NaOH.

5.1.4. Pinh lwong muéi ciia acid manh va base yéu
Acid bH" ¢6 thé dinh lwong khi lyc kha manh.

Thi du: NH 4+ co luc rat g?ln acid boric.

Néu base b rat yéu (alcaloid), acid lién hop bH™ ¢6 luc that sy va c6 thé dinh luong truc tiép (str
dung acid acetic lam dung moi).

Néu base b manh hon, bH+ c6 lyc rt yéu va thuong dung phuong phap chuan do nguoc sau khi
phong thich base va chiét bang dung méi (thi du nhu cac alcaloid).

5.2. Dinh lugng base

5.2.1. Dinh lwong base manh trong nwoc
Gidng nhu truong hop dinh luong mot acid manh

5.2.2. Dinh lwong base yéu trong nuwéc

Bang 7.12. pK, cua vai base trong nwéc

Base pK,  pK, Base pK, Base pK,
Guanidin 13,5 | Ethanolamin 9,5 Quinolein 5,0
Dibutylamin 11,5 | Ephedrin 9,5 Anilin 4.6
Triethylamin 10,9 | Amoniac Hydroxylamin 9,256,0 | Dicloroanilin 2,1
Methylamin 10,7 | Pyridin 52 Acetoxim 1,8
Ethylen-diamin 6,8 9,9 | Hexamethylentetramin 51 Diphenylamin 0,8
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Piperazin 57 98 Uré 0,4

Phai dinh lugng be‘ing acid manh, pH & diém tuong duong s€ nho hon 7. Viéc chon chi thi tuy
vao pK, cua acid lién hgp vdi base chuan do. Amoniac la truong hop dac biét quan trong.

5.2.3. Dinh lwong base rit yéu trong nuwéc

pH cua dung dich dugc chuan do thuong dudi 10.
Thi dy: amin dugc dung: amphetamin, alcaloid va amid.
Céc phuong phap dinh luong sau day thuong dugce khao sat:

- Pinh lwong trwe tiép: chi thuc hién duoc khi pK, du cao va base co thé tan trong nudc. Phai

dung mogt dung dich dam dac va chi thi chl}yén mau trong moi tru’qimg rat acid (xanh thymol pH = 2,8
-1,2) néu khong thi s€ c6 sy thuy phan muoi tao thanh va sy chuyén mau kéo dai ra.

- Dinh luong ‘bz‘“lng phwong phap thwra tru: qu dung ddi véi alcaloid, dung base dé gan vao
alcaloid va chi€t bang dung mo6i hiru co. Sau do chuyén alcaloid base sang dang acid bang mot dung
dich acid da biét do chuan va the tich, luong thtra acid dugc dinh lugng va dung chi thi mau trong
ving acid (néu khong thi acid bH™ tao thanh sé& tac dong tro lai).

- Dinh lwgng trong méi truwdng con nwdc: mac du kha lyc dién ly cta con thap hon nudc, tac
dong cuia con co thé chiém wu theé voi dicu kién:

- Base kha manh.

- Pha lodng nhiéu ¢ diém twong duong dé nang cao kha lyuc dién ly.

- Pinh luwgng trong mot dung maéi sinh proton hon

Thi du: dung moi la acid acetic s€ 1am tang tinh base cua cafein (alcaloid) va do d6 dé chuan d6
cafein bang acid percloric. Ngoai ra khi dinh lugng alcaloid ciing c6 thé dung acid formic it phén ly
hay hon hop hai dung moi nay acid acetic va acid formic.

5.2.4. Dinh lwong muéi ciia acid yéu va base manh

a- la base tao thanh s€ duoc dinh lugng (Natri acetat, natri carbonat)

Dinh lugng nhitng carbonat trong mot hydroxyd

a)B + H;0" - BH'" +H,0 diém tuong dwong & pH=11,0

b) Co& + H,0F > HCO; + H,0 diém twong duong ¢ pH = 8,3
K] 3 3 2

¢) HCOZ + H,0" - CO, +2H,0 diém tuong duong & pH = 3,5
3 3

Hai phuong trinh sau st dung ciing mot lugng acid, nhu vay c6 thé phan biét base va carbonat.
5.2.5. Pinh lwong muéi ciia acid manh va base manh; mudi ciia acid yéu va base yéu va chit
lwong tinh

- Mudi cua acid manh va base manh khong c6 tinh acid hodc base vi cac anion va cation co luc
coi nhu bi bo qua.

- Muéi‘cﬁa acid yéu va base yéu tao nén cing ltc cac acid va base c6 lyc. Khong thé dinh luong
truc ti€p bang phép do acid — base. Trong thuc té khong thé dinh lugng acetat alcaloid trong moi
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truong nude. Nhung c6 thé st dung céc tac dong sau:

a) Tdc déng ciia dung méi; cb thé giam luc cua 1 trong nhimg ciu tir hay ting luc cia cac chat
hoa tan bang tac dong wa proton ciia dung moi.

b) Tac dong hod hoc:
a) Dinh lwong mudi amoniac: thém formol vao dung dich dé tao thanh hexamethylen tetramin

khong c¢ tinh base trong nudc:

4H{ + 6HCHO + 4H,0 — (CH,)N, + 4H,0" + 6H,0

lic dé acid yéu NHJ dugc chuyén thanh acid manh H;O*
S ) Binh lwong nhitng amino acid (phwong phap Sorensen)
Gidng nhu truong hop ctia mubi amoniac: véi formol tao mot base Schiff.

IE‘.—I.‘le—I—l\JI-I2 + O=0H, —= R—I.‘le— N=CH.;+ H,0

COoH CO0oH

Base nay rat yéu va khong can tro viée dinh luong carboxyl.
v ) Pinh lwong nhitng halogenid trong méi truong acid acetic. (alcaloid hay ion kiém)
- Trong moi truong nude, nguoi ta co: bH"X ™ ; X" 1a 1 base ¢6 luc b?lng 0, bH" 14 acid that su.

- Trong moi tnrorng acid acetic khan, bH" tr& thanh BHJr X" 1a base ¢o lyc that su vi lién hop
voi1 acid yéu trong moi truong nay. Viéc dinh lugng base yeu nay kho va kém chinh xac. Do vay,

nguoi ta khir ion X thanh dang phue thuy ngan.

Acetat thuy ngén chinh la mét phirc ‘chét (khong phong thich ion acetat mang tinh base) s€ tac
dong trén halogenid cho mdgt phure chat bén hon.

Hg(CH,CO00), +2X~ — [HgX,]2CH,CO0~
Base X~ yéu duoc thé bang base manh CH,COO0™.
5.3. X4c dinh mot s6 nguyén t6

Vai nguyén té nhu C, N, S, CI, Br, F ... duoc dinh luong bang phuorng phap trung hoa. Tuy tung
truong hop, nhitng nguyén té nay duoc chuyen thanh acid hay base vo co dé duoc chuan do.

5.3.1. Nitrogen

Thuong c6 trong acid amin, protein, thuéc nhudm. ...
Phuong phép chung dé xac dinh nito hitu co: Phuong phap Kjeldahl.
- Nguyén tic: Mau thtr dugc phan hiy bing H,SO, dam déc, nong. Nito phén huy thanh ion

amonium. Dung dich chtra ion nay dugc lam lanh, pha loang, dem chung cat. Amoniac phong thich
ra dugc cho vao dung dich chtra acid va xac dinh bang phuong phép chuan do trung hoa. C6 nhiéu
phuong phap dé thu khi amoniac va dinh lwong amoniac. Hai phuong phap chinh la:

Phuwong phap 1

Amoniac dugc phong thich s€ dugc vao 1 thé tich acid da biét chinh xac néng do. Dinh luong
acid thtra bang base chuan. Chi thi chuyén mau ¢ vung acid do tinh acid ctia ion ammonium c6 mat &
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diém trong duong.

Phuwong phap 2

Amoniac dugc phong thich vao mét lugng thira acid boric
H:BOs; + NH: — NH; + H,BOS

Ion dihydrogen borat dugc sinh ra 1a 1 base manh c6 thé dugc chuan do b?lng dung dich chuin
HCI

H.BEO3 + H3CO — H;ECs + HzO
Chi thi: Bromocresol luc chuyén mau trong ving acid
5.3.2. Dinh lwong Sulfur
Sulfur trong nhitng chat sinh hoc dugc xac dinh bang cach dét chay trong khi H,
8 — SO, (hodc SO;) thu thap va chung cét
SO, (khi) + H,0, — H,S0,

Chuan do H,SO, bang base chuén

5.4. Pinh lwong cac hop chit vo co
5.4.1. Dinh lwong mudi amoniac
Dung base manh dé diy amoniac ra roi chung cat bang dung cu Kjeldahl.
5.4.2. Dinh lwong nitrat va nitrit

Dung hgp kim Devarda (50% Cu, 45% Al, 5% Zn) dé khtr nhitng ion nay thanh ion ammonium
r0i chung cat hoan toan dé 1dy amoniac va dinh luong. Ngoai ra, hop kim Armd (60% Cu, Mg 40%)
cling dugc str dung.

5.4.3. Dinh lwong carbonat va hén hop carbonat

Trong phuwong phap chuan d6 trung hoa thi viéc dinh tinh, dinh luong cac dung dich chua
Na,CO;, NaHCO;, NaOH ¢ dang riéng hay dang hon hgp cho nhiing thi du rat dang quan tam: do

phan tng loai di phét thir ba nén trong 1 lwong thich hop cta bat ky dung dich nao ciing chi chira 2
trong 3 thanh phan: NaOH + NaHCO; — Na,COj; (dén khi mot hay ca hai chét phan tng ban dau

dugc ding hét).
- Néu NaOH duoc tiéu thu thi dung dich chi con Na2C03 va NaOH.
- Néu lugng NaHCOj, bi yéu di thi con Na,CO, va NaOH.
- Néu luong NaHCO;va NaOH tuong duong dugc tron 1an thi chét tan chi yéu s& 1a Na,CO; .
Viéc phan tich tién hanh qua 2 budc:
- Buéc 1 v6i chi thi ving kiém: phenolphtalein (Ky hiéu 13 )
- Buédc 2 véi chi thi ving acid: bromocresol luc (viét tit 1a beg: Bromocresol green)

Khi chuin d6 cac mau c6 thé tich bang nhau thi c6 thé suy ra duoc thanh phan cta dung dich dua

file://C:\Windows\Temp\kwcijklckga\hoa phan tich.htm 04/01/2013



Bo Y te - Hoa phan tich Page 122 of 225

vao the tich twong doi cua acid can chuan.

Bang 7.13. Chuan dé cac dung dich chira Na,CO,, NaHCO,, NaOH

Thanh phan trong méu Lién quan gitra V., va V. khi chun d6 thé tich mau bang nhau
NaOH V(p(p = Vng
Na,CO, Vo, = 12V,
NaHCO, Vo = 0; Vg > 0
NaOH, Na,CO, V> 112 Ve
Na,CO, NaHCO, Vi < 112 Ve

Voo thé tich str dung dé chudn d6 véi chi thi 1a phenolphtalein.
Vie ¢ thé tich st dung dé chuan d6 véi chi thi 1a bromocresol luc.
Két qua s& 6 sai s6> 1% .

5.5. Pinh luwgng cac nhém chirc hiru co
C6 thé chuan d¢ tryc tiép hodc gian tiép
5.5.1. Dinh lwong nhom acid sulfonic va carboxylic

Acid sulfonic 13 acid manh, dé hoa vao nudc roi chuan do thiang bang base.

C6 nhiéu acid carboxylic khong hoa tan nhiéu trong nudc nén khong dinh lugng truc tiép duoc.
Trong truong hop nay, acid dugc hoa trong EtOH va chuan d¢ bang nude kiém hoac acid nay duge
hoa trong mot luong base thira chuan roi dinh lugng kiém thira bang dung dich acid da biét nong do.

5.5.2. Dinh lwong nhom amin

- Amin ddy thing thuong c6 hing s6 phan ly ~ 105, Do do dugc chuan do thing bang acid
manh.

- Amin thom - (anilin va dan chat) thudng rat yéu trong méi trudng nudc Ky ~ 10-10) c6 thé
chuan d6 bang phuong phép thira trir hodc dinh lwong trong mdi treong khan.

- Amin vong thom — pyridin ciing gidng amin thom.

- Amin vong bio hoa — piperidin c6 khuynh huéng két hop véi amin thang va dugc chuan do
trong moi truong nudce.

Co, nhiéu amin qua yéu / nudc phai duge chuan do trong méi truong khan nhu acid acetic dé ting
tinh kiém.

5.5.3. Dinh lwong nhom ester

Ester thuong duge xac dinh bang cach xa phong hoa véi mot lugng base chinh xac da biét do
chuan.

R,COOR, + OH™ — R,COO™ + HOR,
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Luong base thira duoc chudn d6 bang acid chuan. Céc ester thay d6i nhiéu theo toc d6 xa phong
hoa. Co ester can vai gio dun nong dé hoan tat qua trinh. Mot it ester tic dong nhanh cho phép chuan
do truc tiép bang base. Thong thuong, tién hanh bang cach dun ester va KOH 0,5M hoi luu trong 1-2
gi0. Sau khi lam lanh, lugng base thtra duoc chuan do b?lng acid.

Trong duoc gién cac nude co trinh bay "Chi sb ester hay chi sé xa phong hoa™ S6 miligram
KOH can thiét d€ trung hoa acid tu do va xa phong hod cac ester c6 trong 1 gam chat khdo sat.

5.5.4. Dinh lwong nhom hydroxyl

Nhom OH trong nhitng hop chét hitu co co thé duoc xac dinh bang cach ester hoa véi cac
anhydrid carboxylic hay chlorid khiac nhau. Hai thuoc tht thuong dung la: anhydrid acetic va
anhydrid phtalic.

V&1 anhydrid acetic thi phan ung s¢€ la:

(CH5C0O0),0 + ROH — CH,COOR + CH,COOH

Sy acetyl hoé thudng dugc thuc hién bing cach tron can than mau thir véi mot thé tich da biét
anhydrid acetic da bi€t trong pyridin. Sau khi dun néng, thém nudc vao dé thuy phan nhiing
anhydrid khong phan tng:

(CH,C00),0 + H,0 — 2CH;COOH

_ Sau do chuan d6 acid acetic bang dung dich KOH hay NaOH / c6n. Song song thuc hién méu
trang.
Néu c6 amin thi chuyén sang amid bang anhydrid acetic.

Trong cac duoc dién ¢6 trinh bay “Chi s6 acetyl hay chi sé acetyl hod pyridin” 13 s6 miligam
acid acetic can dé ester hoa nhirng san pham c6 nhém chuc hydroxyl OH trong mgt gam chat khao
sat.

5.5.5. Dinh lwong nhom carbonyl

Nhiéu aldehyd va ceton cé thé duoc xac dinh bang dung dich hydroxylamin hydrocloric. Phan
ung nay tao oxim.

R R
R1>c=o + NHOH. HCl — R1>C=NDH+HCI+H2C‘J
2 2

R, ¢6 thé 14 nguyén tir H. Sau phan tng, HCI phong thich duoc chuin d6 bang base. O day, cac
diéu kién phan umg ciing thay d6i tuy chat. Thi du, ddi voi aldehyd chi can 30 phit 1a di. Nhiéu
ceton khac phai dun hoi luu véi thude thur trong 1 gio

- Chi s6 hydroxylamin: Chi sb nay duoc dién ta bang s6 miligam KOH can dé trung hoa céc acid
sinh ra do phan img ctia mot luwong thtra chlorhydrat hydroxylamin véi 1 gam chat khéo sat.

5.5.6. Dinh lwong muoi

Luong mudi toan phan trong mot dung dich co thé duoc xac dinh chinh xac bang dung dich
chuén do acid base. Khi cho qua c6t trao doi nhya ion, mu6i nay chuyén thanh mét duong luong acid
hay base va c6 thé dinh lugng bang phuong phap trung hoa.

Acid chuan hay base g:huén cling dugc diéu ché bang nhya trao doi ion. Ngudi ta ding mot dung
dich chtra mét lugng mudi tinh khiét da biét nhu 1a NaCl- duoc rira qua ¢t nhya va pha loang dén
mot thé tich biét duoc. Mubi nay phong thich mot lwgng duong lugng acid hay base tir nhya trao ddi
s& cho phép tinh sé mol thudc thir bang phuong phép trung hoa.
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6. PINH LUQNG TRONG MOI TRUONG KHAN

C6 2 loai chat can duge chuan do trong moi truong khan:
- Acid hay base hiru co c6 trong lugng phan tir cao va do hoa tan gioi han trong nudéce.
- Nhimng hop chat hiru co co tinh acid hay base rat yéu (K, hay K{ < 1078) nhu amin thom,

phenol mudi cta acid carboxylic va acid vo co kho thay diém két thuc trong moi trudng nudc nhung
néu ting tinh acid hay base ctia n6 bang cach thay d6i dung moi thi lai d& thiy diém két thac.

Bt loi khi chuan d6 trong méi trudng khan: Dung méi dit tién, bay hoi va doc.

- Pa s6 dung mo6i déu c6 h¢ s6 dan nd 16n hon nudc nén phai duge chira trong binh c6 ki€ém tra
nhiét @6 cua thuoc thir dé tranh sai so khi do thé tich.

6.1. Co ché
Trong dung méi khan (1a dung méi khong ion hod), acid ciing cho H' va duoc solvat hoa nhung

vi hang s6 dién ly cua dung moi nay thip nén H' solvat hoa chu yéu hién dién & dang cip ion véi
anion acid:

HA + S 5 SH' A
Sau d6 base B sé& tac dong voi cip ion nay dé tao thanh:
SH'A~ + B S BHA~ + S
Phan img nay xay ra la vi B 1a base manh hon dung méi S

6.2. Dung mdi dé chuin d9 trong méi truong khan

Thuong dung nhitng dung méi ludng tinh (amphiprotic) va da qua giai doan tu phan ly nhu ba
dung mo6i ludng tinh hay dung acid acetic khan, ethanol, ethylendiamin.

dCHCOOH S CchDDHE + CH5CO00"
2 CGHsOH & CoHsOHE  + CoHsOOr
NHzCHCH;CHNH; 5 NH;CHCH; CHNHE + NHCHCH, CHANH:
6.3. Tinh hoan toan cua phan irng

Phu thudc vao:
- lyc ctia chit phan tich (acid hay base).
- tinh acid hay base von c¢6 cua dung méi.

- hang s6 dién ly cua dung moi.

6.3.1. Anh hwéng ciia luc ciia chit phan tich

Trong moi treong nude Trong moi trudong khan

CH3COOHJr la proton bi solvat hod va dugc tao thant
cap ion khi HCIO, hoa vao acid acetic khan
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— + -
HCIO,, + CH,COOH % CH,COOH,"CIO,

- Khi chuan d6 base b yéu bang HA

PO .. - Khi chuan d¢ base b yéu bang HCIO 4 trong moi truong
trong moi trudng nudc:

khan vé6i dung méi 1a CH;COOH
H,0" +bSbH' + H,0
CH,COOH,"ClO, + b S bH'CIO, + CH;COOH
Neéu ké day du 1a phai tinh lyc cua nudc
CH,COOH," (mdi trwong khan) ~ H;0" (moi trudn

Heinvive nuoc)
__[PETJOH™] _ [bHT] 731
[PIE,OTIOET] [BIH;0 T g = = [bH™] _[K'D]

[b][CH,COOH[OHY]  [Ks]

(7.32

Nhu vay cac phuong trinh (7.31) va (7.32) cho thdy tinh day du cua phan tng acid, base ty 1¢
thuan voi hiang sd tu phan cia acid yéu va ty 18 nghich v6i hang so ty phan cta dung moi.

Phuong trinh nay c¢6 nghia: Phan tmg trung hoa 14 canh tranh H giita dung méi va acid (hoic
base).

6.3.2. Anh hwéng ciia tinh acid hay base ciia dung méi

Acid formic, acid acetic, acid sulfuric cho H' t6t hon 1a nhan H'. Trong loai dung méi nay tinh
base cua chat tan dugc nang lén.

069

Thi du: Anilin — C;H;NH, trong nudc c6 hang s6 phan ly K=1 nén rat kho chuan do nhung

lai c6 thé 1 base manh hon trong acid acetic khan vi dung méi nay cho H' d& hon nuéc.
Ethylendiamin, amoniac 10ng c¢6 ai luc nhiéu d6i voi H+ (kha ning nhan H" nhiéu hon) do vay 1a
dung moi base. Trong loai dung moi nay, tinh acid cua chat tan sé nang lén.

010

Thi du: Phenol c¢6 hing s phan ly K =1 yéu trong nudc lai di manh trong ethylendiamin va

duogc chuan d6 bang base chuan.
6.3.3. Anh hwong ciia hang sé dién ly ciia dung moi

Hang s dién ly ctia dung méi do luong kha ning tao ra nhiing cdu tir ¢6 dién tich ddi khang dé
tach tiéu phan nay véi ti€u phan kia.

Thi dy: nu6ce 6 hing s6 dién ly cao (Dy, = 78,5) nén chi cin mot nang luong nho 1a dii ¢ tach
ion mang dién tich (+) ra khdi ion mang dién tich (-).

Acid acetic c6 hang s6 dién ly thap (Dg,0 = 6,2) nén can phai c6 nhidu niang luong méi thyc
hién dugc qua trinh dién ly.

MeOH, EtOH (D =33,D = 24) 14 dung mdi c6 hang sb dién ly trung binh.
MeOH

EtOH

Dung méi ¢6 hdng sb dién ly thap phai chju mot bat lgi khi dung lam moi truong chuan do acid-
base vi sy phén ly 1a tao ra 2 ion ¢6 dién tich doi khang nhung do dung mdi dién ly yeu nén kha nang
tach ion cua dung moi bi gi61 han lam sy phan ly giam di dang keé.
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Khi su phan ly khong can tach nhimg ciu tir tich dién thi su dién ly ctiia dung méi it co tac dong
1én do phan ly ciia mot acid hay mot base.

Thi du: tac dong dién ly ctia con ddi v6i amoniac 14 téi thiéu ddi véi phan tng phan ly:

+ +
C,H,OH+NH," 5 C,H,OH," + NH,
6.4. Dung dich chuin dé trong mdi trwong khan

6.4.1. Dung dich acid

Dung dich chuin d9 acid percloric 0,1N trong acid acetic khan
Day 1a mdt monoacid (E = M = 100,45) rit manh, nhat 1a trong mdi truong acetic khan.

Acid percloric khan - kém bén va dé pé - dugc ban trén thi truong dudi dang dung dich nudce
khoang 72%. Nhu vay n6 khong phai la chat chuan.

Céch diéu ché dung dich nay thanh acid dé chuan do:

- Hoa loang 14,5 gam acid percloric 70% - 729, (8,5ml) trong khoang 900 cm? acid acetic bing
dung phan tich.

- Khir nuge 6 trong dung dich nay bang cach thém 29 -30 gam anhydrid acetic. Chat nay phan
ung véi nudc dé cho hai phan tur acid acetic.

- Sau khi dé ngudi, thém acid acetic khan dén vach 1000 cm? va lac. Chuyén vao lo c6 nut mai
va d€ cho nudc ty phén huy trong 48 gio. Chuén d dung dich nay bang mét dung dich mudi chuén
pha trong acid acetic khan. Bdo quan tranh am.

Chii y: khong duoc cho thira nhiéu anhydrid acetic vi gdy nguy co tao nén sai s6 dan dén tur
nhitng phén tmg amid hoa v41 nhitng amin so cap va thir cap.

6.4.2. Dung dich kiém

Céc dung dich kiém thuong duoc diéu ché trong méi trudng cdn hay con - benzen.
a) Dung dich potat (bd tat) trong methanol (KOH trong MeOH):

Dung dich potat c6 thé pha ché trong EtOH hoic MeOH, nhung MeOH thich hop hon vi EtOH
thuong chira nhitng aldehyd nén khi c6 mat mot base manh s€ hod nhya lam dung dich ting mau tu
vang dén nau. Bat loi nay khong xay ra khi sit dung MeOH. D6 chuin cua nhitng dung dich nay
khong bén va can xéc dinh lai trude khi ding.

Thudn loi: K,CO5 khong tan trong moi truong va tur do s€ ty dong decarbonat hoa.
b) Dung dich natri methylat 0,IN (CH;ONa) trong méi truong con - benzen.

Dung dich nay ding dinh luong nhimg acid yéu trong méi truong tuyét dbi khan nudc.
Diéu ché theo cdch sau:

_ Dehydrat hoa tru6c MeOH bang cach dun soi hoi luu véi su hién dién cuia Mg va chung cat hay
tiép xuc trong 2 - 3 ngay voi dém phan tur “tamis moleculaire”.

Thém mot lugng natri kim loai (2,5g / 150 ml MeOH). Hoa loang v&i benzen khan (gsp 1000
cm3). Trude khi sir dung, dung dich da pha ché s& dugc chuan do bang acid benzoic trong pyridin
hay butylamin.
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¢) Dung dich tetrabutyl ammonium hydroxyd (C, Hyg), NTOH™

Dung dich nay la 1 base manh tan dugc nhiéu trong méi truong benzen: MeOH 5% hoidc benzen
95%. Hai dung dich rat ki€ém nay rat hdo anhydrid carbonic cta khong khi nén kho6 bao quan.

6.4.3. Phdt hién diém két thiic

- Dung chi thi (theo kinh nghiém): tim tinh thé, tim methyl, soudan III, tropeolin 00.
- Po thé dién cuc.
- Chi thi trong mo1 truong khan.

Acid acetic hoac acid formic 1a nhitng dung moi c6 kha nang nhan proton yéu hon nudc nén
nhirng base rat yéu trong nudc cho vao dung moi nay lai tré nén manh hon.

Nhitng chit chi thi chuyén mau trong nudc & méi truong rat acid lai chuyén mau & cac pH trung
binh cia mdi truong khan va do vay hay dugce st dung.

Trong nhitng dung mdi cho proton (acid). Chi thi hay dung nhét 1a tim tinh thé, a - naphtol
benzen, orange 1V, paradimethylaminobenzen (PDAB = vang methyl), xanh oracet B.

Con trong nhiing dung modi nhin proton (base), nguoi ta hay dung chi thi xanh thymol,
paranitrophenylazo - 4 resorcinol, orthonitranilin.

Céc chi thi mau nay cling hay dugc str dung trong dung moi ¢ proton hoat dong (mdi trudng
nudce). That vay, cac chi thi nay la nhiing acid (hay base) yéu hon nhiing chat dinh lugng. Co ché
chuyén mau giong nhu co sy phan ly cia dung méi hay khong.

6.4.4. Ung dung vi¢c chuin dp trong méi trwong khan

_Phai két hop dung moi, chat chuan do, diém két thic, xét do tan, gia ca thudc thw, do doc, trang
thiét bi,...

Béang 7.14. Mot sé diéu can ghi nhé khi dinh lwgng trong méi trwéng khan

Dinh lwong acid: benzen; toluen; dimethylformamid; aceton; ceton; acetonitril; cén
tert-butyl.

Dung mdi | pinh lwong base: acid acetic khan; hdn hop acid acetic khan va anhydrid acetic c6

bwéc nhdy I&n hon acid acetic; cac anhydrid acetic tac dong v&i amin bac 1 va
bac 2 khi néng; acetonitril; benzen; toluen.

Binh lvgng acid: KOH/ EtOH; KOH/MeOH; CH;OMe/ Methylat alcalin; CH;OMe/

benzen-MeOH (95/5); dung dich ammonium b&c 4 nhw hydroxy tertbutyl;

Dung dich | 3mmonium / benzen —MeOH (95/5)
chuan dé

Dinh lwgng base: acid percloric/ 1-4 dioxan; acid percloric/ acid acetic khan; HCI it
dung.

Binh luvong acid: acid benzoic (C4H; COOH); acid succinic; acid sulfanilic; phtalat
Cac chét gbc | acid kali.

Dinh lvgng base: phtalat acid kali.

Dinh lvgng acid
AH + CsHN 5 A~ CHNH*

A-CH/NH* + KOH — AK + C_H,H"OH-
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Dinh lvgng base
R_NH, + CH,COOH 5 R-NH,CH,CO0O"

Co ché
R-NH, CH,COO" + HCIO, —> RNH,*CIO, + CH,COOH

R-NH, + HCIO, — RNH,*CIO,-

Dinh lwgng acid: dinh lwgng cac barbituric

Ung dung

Dinh lvgng base: dinh lwong cac base hiru co

Truong hop dac biét:

Kho tan: dun néng can than vi co thé acetyl hoa nhirg nhom amin. Thém lugng it acid formic dé
lam tang hang s dién ly cua dung mdi nham dé hoa tan chat can dinh lugng nhung lugng acid
formic dua vao cang it cang tot vi pK, cua acid formic (3,75) < pK, cua acid acetic (4,75) nhung doi

khi acid formic c6 thé trung hoa céac base yéu.

TU KHOA
- Phuong phap acid base - Chuén db trung hoa
- Thuyét Bronsted - Puodng cong chuan do
- Henderson - Hasselbalch - Dung dich dém
- Chét ludng tinh - Dung luong dém
- pH, pK, - Chuan d6 trong moi trudng khan

CAU HOI LUQNG GIA

_ 1. Trinh bay thuyét Bronsted va Lewis vé acid - base. Trong bai, acid - base duoc viét theo quan
diém nao.

2. Trinh bay cach xac dinh pH, pK,.

3. Trinh bay c4c giai doan khi tién hanh chuan d¢ trung hoa. pH thay d6i nhu thé nao khi chuan
do 100 ml HCI 0,1N bang NaOH 0,1N (khong tinh dén sy pha lodng)?

4. Dinh nghia dung dich dém. Kha nang dém? Dung luong dém? Trinh bay viéc ing dung dung
dich dém trong nganh Dugc.

5. Néu nguyén tic va co ché phan tng khi dinh lugng acid - base trong méi trudng khan?
6. Binh nghia cac chi sb acid, chi s6 ester, chi s6 acetyl va ¥ nghia xac dinh trong thuc té.
7. Néu mot s6 chat chuan do gbe va trudng hop str dung trong phuong phap acid - base.
8. Trinh bay khoang d6i mau chi thi dung trong phuong phap chuan d6 acid - base.

CAU HOI TRAC NGHIEM
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1. Quan niém v¢ acid base trong bai giang nay 1a theo thuyét cia ... ...

a. Langmur c. Bronsted e. Henderson -Hasselbalch

b. Lewis d. Faraday

2. Theo thuyét acid base dd néu trong bai, acid 1a nhimg chit c6 kha ning ... ... ... proton.
a. phan ly c. nhan. e. trao d6i

b. cho d. tham gia bat giir

3. Mot base lién hop véi acid manh ¢6 luc ......

a. trung binh c. yéu e. coi nhu bo qua

b. kha yéu d. rit yéu

: SR la dung dich khang lai su thay d6i pH khi thém acid hay base manh vao dung dich
hoic 14 dung dich ma khi pha lodng thi pH cta dung dich thay ddi it.

a. Dung dich kém phan cuc c. Dung dich dém e. Tt ca cac cau déu ding

b. Dung dich phan cuc d. Dung dich phan ly

5. pH cua dung dich natri hydroxyd (.19. 103 mol.dm™ 3) la:...... Xem NaOH nhu phan ly hoan
toan

a. 10,2 c.2,92 e. 11,1
b.7,3 d. 12,6

6. Mubi ndo sau day khi hoa tan vao nudc s& cho mot dung dich c6 pH gin bang 7?

a. Kali carbonat c. Natri nitrat e. Ammonium nitrat

b. Ammonium bromid d. Natri cyanid

7. Mot mau chtra 15,0 cm’ HCI duoc chuan do be‘ing dung dich NaOH 0,0830 mol.dm™ . Piém
két thiic dat dwgc sau khi thém 19,2 cm® NaOH. Nong d6 ctia HCI 1a bao nhiéu?

a. 0,178 mol.dm™ c. 0,130 mol.dm™ e. 0,106 mol.dm™

b. 0,0648 mol.dm™3 d. 0,212 mol.dm™

8. Trong dung méi 14 acid, cac chattanla ...... s€ kho phan ly hon (vi gidm sy cho proton)

a. chat trao ddi ion c. chat ludng tinh e. chat trao doi dién tir

b. base d. acid

- . _ [H3O'][OH™]

9. H2O + H2O 5 H30++ OH-, Knwéc = w K. 4 80i 1a tich s6 ion ciia nudc.
O 25°C thi Knyée =

a. 14 c.+7 e. 0

b.+ 14 d.7
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10. Dung dich chuan d¢ hay duoc str dung dé dinh luong base yéu trong méi truong khan nude
la dung dich

a. acid percloric 0,1N / acid hydrocloric
b. acid percloric 0,1N / acid acetic

c. KOH/MeOH

d KOH /EtOH.

e. acid percloric 0,1N / acid acetic khan

Chuong 8 ] )
PHUONG PHAP OXY HOA — KHU

MUC TIEU
- Trinh bay duwoc dinh nghia phan ung oxy hoad - khi, dinh nghia thé oxy hod - khir va thé
chuan biéu kién.

- Trinh bay sw anh huong ciia pH, ciia sw tao két tia, ciia su tao phikc trén hé thong oxy hod -
khur.

- Tinh hang sé cdn bang K, thé oxy hod - khir tai diém twong dwong va cach dy dodn chiéu
cua phan ung oxy hod - kh.

- Chon dwoc chi thi oxy hoa - khiwr theo thé oxy hoa - khw cua chdt chudn d6 va chdt can
chuan do.

- Tinh thé tai tirng thoi diém chudn do oxy hod - khir va vé do thi.

- Trinh bay cdc phwong phap oxy hoa hay dwoc sw dung trong nganh Duoc.

NOI DUNG
1. SU OXY HOA - KHU
1.1. Pinh nghia phan @ng oxy hoa — khiwr

Phan tmg oxy hoa - khir 1a phan ung trao doi electron giita hai hop chat: mot hop chat nhuong
electron (chat khir) va mot kia nhan (chat oxy hoa).
Thi du: Thém dung dich sit(III) clorid vao thiéc(II) clorid thi phan tmg can bang nhu sau:
2FeCl, + SnCl, — 2FeCl, + SnCl, (8.1)
Pé mdi nguyén tir gam sit (I11) (55,85 gam) bi khir thanh sat (II) phai str dung 96,493 (= 96500)

Coulomb (1 Faraday) va c?ln st dung (2 x 96.500) Coulomb dé mdi nguyén tir gam thiéc (II) (118,70
gam) bi oxy hoa thanh thiéc (IV).

Trong phan tmg trén, dién tich clorid khong thay doi do khong tham dir vao phan tmg oxy ho4 -
khur.
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Phan tng (8.1) dugc xem nhu thi du chung ctua 2 phan trng cung mot lac:
2Fe*+2e — 2Fe=
Sne* — St + 2e
2Fe? + 5n¥t  — 2Fe=* + Sp%*

Nhu vay: — sy oxy hoa: su mat e~
— su khur: sy nhan e™

* Khi co sy oxy hod xay ra 1a c6 su khir va mdi e nhan dugc boi chét oxy hoa 1a do chat khir bi
mat di.

* Chét khir va chat oxy hoa co thé 13 hai chat hoa hoc (phan mg hoé hoc) hodc 1a mot chat hoa hoc
va mot dién cuc ma thé dugc chon thich hop (phan tng dién hod). Trong phan tng dién hod, tuy gia
tri cta thé dién cuc ma dién cuc s& nhuong e~ va khu chit hoa hoc hodc 13 nhan e~ va oxy hoa chét
hoa hoc.

. Hinh 8.1 minh hoa mot thi nghiém phan (mg oxy hoa — khu: hai binh chia dung dich n6i nhau
bang mot cau muodi la dng dan thuong duge tao bang dung dich KCl bao hoa déa duge gel hoa (agar —
agar). Nhing vao moi binh mét dién cuc Pt (dién cuc tro) va ndi voir mot volt ke.

Khi xudt hién thé, nghia 1a dung dich thiéc (II) c6 khuynh huong cung cap nhimg ¢~ cho dung
dich sit (III). Dong dién di qua cho dén khi tao su can bang. Nhu vy, cip oxy hod - khir két hop

dang oxy hoa va dang khir s& twong tng v6i su trao doi e~
Noi chung, 1 phan (mg oxy hoa - khir ¢6 thé trinh bay nhu sau:
pOx +ne — pEh
gk b — qOxp + ne

pOm +gKhy — rEh) + g0
1.2. Nhan xét

Phan ung oxy hod - khur tirc 1a qué trinh cho nhén electron c6 thé thuc hién trong cac dung dich
riéng r& (hinh 8.1). Con trong phan tmg acid base thi qua trinh chuyén H' tir acid sang base chi duoc
thyc hién tryc tiép trong mot dung dich (hinh 8. 2), H" khong thé chuyén tir chat cho sang chat nhan
thong qua mét day dan dién tir nhu trong phan ing oxy hoa - khur.

Vé tdc d6 phan tng: c¢6 nhiéu phan tmg oxy hod xay ra chdm nén cic phuong phap chuan do dua
vao phan ung nay thuong doi héi tang nhiét do, thém xuc tac. Ly do 1a phan Gng xay ra qua nhiéu
giai doan. Qua trinh chuyén electron 1a mot trong chudi cac giai doan d6 (pha v& lién két, proton
hoa, sap xép lai phén ti...)

Vé su ¢6 mit ciia dung moi nude: trong phan ing oxy hoa - khir néu phan tir nude tham gia vao
phan ung:

2H,0 — 20H™ +2H"
2H,0 — O, + 4H" +4e”

Khi H, va O, dugc giai phong ra khoi dung dich. Trong cac phan ing oxy hoa— khur nguoi ta tim
cach tranh qua trinh oxy hod hodc khir nudec.
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Buretchim dung
*  Jichchudndé
B |

Bign cue Dign cufe
Platin Platin

i Binh nén chik
o /| == dungdich cdn

— l ,{_IIE. chud n dé wa

S chdtchithi

Hinh 8.1. Phan &rng oxy hoa — khir xay ra Hinh 8.2. Phan irng oxy hoa — khir xay ra
trong hai dung dich trong moét dung dich

1.3. Thé oxy hoa — khir

Khi 1 kim loai nhiing vao dung dich mubi cta kim loai nay s€ tao mot ban pin.
Thi du:

- K&€m nhing trong dung dich kém sulfat tao ban pin (ban pin oxy hoa)

- Pong nhung trong dung dich dong sulfat ciing tao ban pin (ban pin khir).

Pin dién hoa Galvanic dugc tao thanh boi 2 ban pin, moi ban pin gém mot thanh kim loai nhung
trong dung dich di¢n ly (hznh 8. 3). Hai ban pin ndi nhau bang mot cau mudi va ca hai ban pin ciing
dugc no1 nhau bén ngoai bd1 mot day dan (hznh 8. 4). Cau mudi 1a mot hang rao c6 16 xbp ngan sy
tron 1an cua dung dich nuéc trong cac ban pin nhung cho phép cac ion di chuyén & ca hai chiéu dé
duy tri trung tinh dién tich. Theo sy sap xép nay thi cac electron cung cap boi phan ung oxy hoa sé di
ngang qua dong dién bén ngoai dén noi xay ra phan tng khu. Khi cac ban pin dugc ndi nhau thi phan

g ty xay ra va kim volt ké 1éch di chi rd 13 c6 sy khac nhau vé thé ning. Thé ning nay 1a thé oxy
hoa — khu.

Bdn pin oxy bod Ban pin khir
Zn = 2Zn?t + 2e” Cu+t2e —=Cu
[ ]
2+ o
Zn Zn et u
2- g
10 8072
Bign cut kém trong dd kém Bigncue d&ng trong dd d8ng

Hinh 8.3. Cac ban pin oxy hoa - khtr
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_ =

Bign 1t di chuyén

CEu
mudi

ion di
chuy&n

Bign cuc kEm trong sulfat kem Bign cuc déng trong dd sulfat ddng
Hinh 8.4. So d6 cau tao 1 pin dién hoa
Thi dy: hai ban pin 1a tir cac kim loai:
Kém Zn (rin) — Zn** (dung dich) + 2 ¢~
va dong Cu®" (dung dich) + 2 ¢~ — Cu (rén)

Zn 1a mot kim loai c¢6 kha ning cho nhiing electron dé tao thanh ion Zn** di vao dung dich

(nghia la cho céc e7), do vay dién cuc kém tich dién am. Con céc ion Cu?" trong dung dich dén tich
dién trén dién cuc 1am dién cuc dong co dién tich duong. Cung lac s& ¢6 2 phan Gng nguoc nhau va
phan tmg nay s& manh hon phan tGng kia. Sau cung, phai c6 mot su cin bang duoc thiét 1ap va dién
cuc phai c6 “thé can bang” E duong hay am. Gia tri ctia thé oxy hoa — khtr can bang dugc cho boi
phuong trinh Nernst:

ET n+
E=E;+—Ina
1] nF M

T: nhiét do tuyét doi

F: s6 Faraday (96500 Coulomb)

n: lugng ¢~ str dung

E: hing s6 phy thudc kim loai

R: hang s6 khi Iy tuong (8,314 J/do K. mol)

ay ;- hoat do cua ion M™ trong dung dich

- Néu dung dich duoc pha lodng dy du thi hoat 6 aM™" c6 thé sir dung 13n v6i nong d6 kim
loai [M™].

- Khi thay R = 8,314 J/d6 K. mol va F bang gié trj ctia né (6 25°C thi T = 273° + 25° = 298°K)
va tiép tuc chuyén In thanh Ig (In aM“Jr =2,303 Ig am“+) thi phuong trinh Nernst trg thanh

0,001983% 298 x lg M™]

1

x1g M

0,0591
n

E:E—D+

Khi nong d6 hay hoat do = 1 (don vi) thi thé nhan dugc boi dién cyc bang E,,.
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Ey thé chudn cta hé théng oxy hoa - khir tao thanh bai kim loai va ion twong tmg clia nd M
M,.
Nhu vay su ion hoa va sy oxyd hod - khir dugc hiéu theo nghia hep:
Ton M™": dang oxy hoa tir nguyén t6 M?, néu xét phan tng: M™ + ne™ — M?
Ciing vay, ddi v6i phi kim loai thi dang ion hoa 13 dang khtr con nguyén td 1a dang oxy hoa:
Cl, +2¢” — 2CI"
Khai niém tong quat ndy ciing ap dung cho H' (chi 1 dang oxy hoa tir nguyén té hydro).
2H"+2¢” - H,
bién cuc hydro (hinh 8.5), tao thanh bdi mot dién cuc Pt bao fl

hoa khi hydro nhing chim trong mét dung dich H" (vi dy: HCI 1M)
c6 the E dugc cho bdi biéu thuc tong quat:

—

_ +
E=E_ +0,0591 lg[H"] J| I
0 )
Khi hoat do bang 1 nghia 1a [H'] = 1 thi E = E,(2H" / H,). (K Blen cye
HCI 1M
\

Hinh 8.5. Bién cwc hydro
Theo quy udc, thé chuan E  cua hydro bang 0,00 volt va thé oxy hoa - khir ciia nhimg hé thong
khac duoc xac dinh bang cach so sanh véi thé cua dién cuc nay.

Nhu vy, ¢6 thé phan loai nhitng hé thong oxy hoa - khir khéc nhau dugc tao thanh béi kim loai
va ion tuong tng theo thé chuan ctia n6 (bang 8.1).

Thé cang thap, kim loai cang c6 khuynh hudng cung cap ion dé di vao dung dich.
Thi du: Natri 13 chat khir phan tng kha manh véi nuée dé cho ion Na™.

1.4. H¢ thong oxy hoa - khir hoa tan

Mot kim loai khi hoa tan vao dung dich c6 thé cho nhimng ion twong tmg v6i nhiéu hod tri khac
nhau.

Béng 8.1. Thé chuan (volt) ciia mét vai cip oxy hoa- khir

Chét Sé Chét Thé Chét sb Chét Thé
oxy electron khr  chuan oxy hoa electron kher chuan
hoa trao doi (V) trao doi (V)
Lt + e — L® -303 cCu* o+ 2e” - o +0,34
K* o+ e - KO -292 1, + 2e” N 210 +0,5345
Nat + e - Na® -2,70 Fe¥* + e -  Fe?* +0,77

Zn2t  + 2e > zn® -—076 Ag* + e - Ag° +0,80
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Fe2* + 2e —~ Fe® -044 By 4 2e 5  2Br  +1,08
cr3* 4+ e —» ¢ _—o041 Cl, 4 2e > 2CK +1,36
sn* + 2 sn® -014 Cr,0/% + e C* +136
2HY  + e —» Hy 0000 MO, 4+ 5 5 MnZ*  +151
Sn*t  + e — Sn%*  +0,14  Ce* + e -  Ce® +1,60
B®* + 3 - B® 4023 S0 + 2 o 250,27 o9

Thi du: Nguyén tr thiéc c6 nhitng ion thiéc (II) va thiéc (IV). Sn*" +2e~ — Sn2*.
Nguyén ttr sét ¢6 nhitng ion sit (I1) va st (I11). Fe3* + ¢~ — Fe"

Ton c6 dién tich duong 16n nhat twong tmg v6i dang oxy hoa va ion ¢o dién tich duong nho nhat
tuong tng véi dang khir.
~ Mot dién cuc tro (platine, vang....) dugc nhung vao hdn hop s& gitt mot thé xac dinh. Thé nay
bién thién theo nong dd cua tirng dang oxy hoa va dang khtr theo phuong trinh
00591, [Ox]
ot B

Néu cac nong do ¢ dang oxy hoa va dang khir bang nhau, thé dugc giit trong dién cuc bang E,va

E dugc goi la thé chuan ctia hé thong. Do d0, c6 thé thiét 1ap mot bang sip xép nhiing hé thong oxy
hoa — khir hoa tan theo thé chuan cia mdi tht.

Mot kim loai s& dich chuyén ion kim loai trong Gng vao mot hé thdng oxy hoa — khir c6 thé cao
hon.

Thi dy: Lép mong st (c6 thé chuan -0,44 V) s& bi dong (c6 thé chuan +0,34 V) phi 1én khi n6
dugc nhung chim trong dung dich dong.

Cung cach ndy, c6 thé phan loai hé théng oxy hoa — khtr duge thanh 1ap boi halogen va céac ion
cua no:

Heé théng oxy hoa — khir Thé chuan (volt)

F,+2¢ - 2F" +2,65
Cl, +2e — 2CI” +1.36
Br, +2e — 2Br - +1,08
I, +2e - 2I” +0,534

Nhu vay clor oxy hoa bromid va iodid dé phong thich 1an luot brom va iod con brom thi oxy hoa
nhirng iodid dé phong thich iod.

1.5. Thé oxy hoa — khir biéu kién
Trong thyc té, chat oxy hoa va chat khir ciia mot cap lién hop thuong tham gia vao nhirng phan
ung khac nhu phan img acid — base, phan tng tao phuc, phan tng két tia. Do d6 thé oxy hoa - khir

nhan duogc goi 14 thé oxy hod - khir biéu kién ciing bi anh huong boi nhiéu yéu td khic do cac phan
ung nay.

file://C:\Windows\Temp\kwcijklckga\hoa phan tich.htm 04/01/2013



Bo Y te - Hoa phan tich Page 136 of 225

1.5.1. Anh hwéng ciia pH

a) Thi du 1: Thé biéu kién ciia hé thong Mn”" / Mn?*

Trong méi truong acid: Mn’" + 5¢” = Mn2"

Trong thuc té, hé thong oxy hod - khir ndy tao thanh cap MnO 4/ Mn2* tuong ing v4i can bang:
MnO,~ +8H" + 5¢ — Mn?" + 4H,0

Thé ctia hé thong phu thudc vao ndng do proton

0,0591 [MnOZ)[HTP
E=Ep+ - g [I[4z+]
0,051, [MnOZ]] (00591
E:ED+[ : lg[ Ej]}—( - XBXpH] (8.2)

Khi ndng d6 & dang oxy hoa = dang khir, nghia 1a [MnO 7] = [Mn®"]

thi E'n=Eq - @x%po

do 1a gia tri clia thé chuén bicu kién va E’; = E(; - 0,0944 pH
= pH cang cao thi gia trj thé chuan biéu kién cang thap.
= Jon permanganat 13 chat oxy hoa cang manh khi tinh acid ciia méi truong cang manh.

Nong d6 H" dong maot vai tro trong sy can bang do vdy ma thé biéu kién ctia hé théng phu thudc
vao pH.

b) Thi du 2: Thé biéu kién cia hé thong As”*/ As>*

Trong phép do oxy hoa - khir, kha nang khir cua arsenic (IIT) duge su dung rat rong rai, kha ning
oxy hoa cua arsenic (V) cling c6 thé c6 loi trong vai truong hop.

Hé thong oxy hoa - khir trong tng véi su can bang:
AT S AT+ 2e”
Arsenic (V) tuong tmg voi acid arsenic H3AsO,,.

b6 la nhing da acid (nhiéu proton trong mot acid) ma sy ion hoa thay d6i theo pH ctia moi
truong (lién quan dén pK, cua nhing nac acid khac nhau).
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Volts

1,80 |

Q00

-,20

o2 4 6 &8 10 12 14 pH
Hinh 8.6. Thé chuan biéu kién cta hé As (V) / As (lll)
- Dang oxy hod cua As(V) thuong & dang phan tir va 3 dang ion hoa:
HabsOyg, HohsOy, HAsOF, AsOF
V61 nhiing pK, twong tmg: pK,; =2,2; pK, =7,0; pK; =11,5.
- Dang khur cua As(II) twong tng vé1 mot dang phan tir va véi 3 dang ion hoa
HzhsOs, HoAsO3, HasOZ, 4s03
V61 nhiing pK’, tuong umg: pK’; =8,1; pK’, = 12,1; pK’; = 13,4

Do vay, néng dd cua nhitng dang khac nhau s€ thay d6i theo pH va & mot pH nhat dinh thi s& co
vai h¢ thong chiém wu thé (hinh 8.4).

Thi du:

- pH < 2, sy can bang nhu sau:
H,AsO, +2H" + 2e — H;AsO, + H,0

- pH =2.2 tr& di, tinh acid tht nhét b ion hoa va H,AsO,~ chinh la dang chiém wu thé:
H.As07 + 3H + 2e — HahsOs + Hy O

- pH =7- 8, dang H,AsO 42' chiém uu thé:
HasOZ +4H + 2e — HzhsOs + HyO

Thé twong mg tir ba cAn bang trén dugc tinh toan theo cac biéu thic sau:
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E=Ejq+

91 [H.hsD, [HTT H.AsO]
00991, [HahsOu THTT _p '\ oooss| 1 F2f59e] 5

0,0591 [H,4sO7 [H* P H, 450
E = E, 4+ 20000, [HafsO JH ] =ED+U,02955[13M—313H]

5 [H3...‘I:ILSO3] H3.|EI:I'.|.SD3]
00591 [Hasos EH? HisOd
E = Eq+ 2000 AT T _ b pgs| g EA98 1,
5 [H3.|.‘I:I'.|.SD3] H3.I.E.I.SI:::13]

Theo dinh nghia, tl}é chuan duoc xac dinh khi ndéng do cua dang oxy hoa bang néqg do cua dang
khtr: theé chuan biéu kién cua 3 h¢ thong tuong ing véi 3 sy can bang dugc cho theo bicu thirc:

E, =E,_0,059pH, E,”=E,_0,0885pH, E;"’=E, _0,118pH

Thé oxy hoa - khtr chuan biéu kién giam khi pH ting va nhu vdy anh hudng cta pH trén hé
thong (H,AsO7/ H3ASO3) quan trong hon trén hé thong (H,AsO7/ H;AsOj;) va hon h¢ thdng
(H;AsO, /H3;As05) DO dbc cua timg doan thang twong tmg voi 3 phan cang 16n khi su ion hoa cang
16n.

Xét mot phan tmg cd dién khir iod bang anhydrid arseno
H,AsO; +H,0 &5 HAsOF +2e+3H'
I, +2e S 20
H,AsO; + L+ H,0 & HAsOF +2I" +3H"

pH khong c6 anh hudng nao trén thé chuan cta hé théng 19/ I~ =+ 0,53 volt.

Phan ng coi nhu 12 hoan toan khi hiéu thé gitta hai hé thong d6i khang trong khoang 0,3 volt.
Trong phén tich chun do ddi voi iod, hé théng As>/As>™ chi c6 thé dwoc sir dung nhu 14 chét khir
khi n6 c6 thé < 0,53 — 0,3 = 0,23 volt, c6 nghia la theo 1y thuyét néu pH cua méi trudng phan Gng >
4 thi trén thuc t€ néu muon oxy hod mot dung dich arseno bang iod thi nguoi ta phai dém dung dich
nay bang natri hay kali hydrocarbonat.

1.5.2. Anh hwéng ciia sw tao phirc

Xét mot kim loai c6 kha nang cho hai ion c6 dién tich khac nhau, ion M2t tuong ung voi dang
oxy hoa va ion M" dang khu.

E,, 12 thé chuén ciia h¢ théng: M2 +e>M'

Nhing ion kim loai nay c6 kha nang tao phurc voi thudc thir X va nhitng hang s phan ly ctia mdi
phtrc chat nhu sau:

M)

WO 5 MR 4 K.m_m (8.3)
+
WOCr = WY+ KKLZ% (8.4)

E,, 1a thé chudn ctia h¢ théng M?*/M". & timg thoi diém thé nay tuén theo dinh luat Nernst.
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(2]
E= + 0,0591 .
Eq g e (8.5)

Tu (8.3) va (8.4), ta thu duoc:

WO (W00
M=K, M=K
[Dd=¥] o4 va [MY]=EKgy ]

[WOC 4]
+o,05911g[ ;

[K o]

kh

khi thé vao (8.5): E=Eg +0,0591 Ig

2+
E
[ ] Wi E’n:Ef,+IZI,[11591lgM

E=Ep+0,0591 Ig
(O] [ ]

[K [=)-4

K, va Ky 12 nhimg hing s6 nén 0,0591 1g ®

cling 1a hang so.
kh

Do d6, B’ 1a thé chuan biéu kién ctia hé thong oxy hoa - khr

MXZMXT: MX? + e —» MXT

K. / Ky, bién thién tpeo d6 bén vimg cua m6’i phtc va thuong 13 cac hang s‘é nay rat nhér vi
trong truong hop nay do bén viing cua phirc 16n nhat khi ion li€n hop tich dién nhiéu hon, h¢ thong
MX2*/MX" ¢6 tinh khir manh hon hé théng M2*/M™.

Truong hop dac biét:

Néu chi mdi mot dang oxy hoa tu tao phirc thi phép tinh tuong tu s& ching to 1a E’, cang nho thi
phtc cang bén (K ox rat nho). Thé cang yéu thi luong thira thude thir tao phic X cang 16n.
[MOC*]

E'n=Eg+0,0591 1K,y va E=F'p+0,0591 Ig
[MTI[X]

Thi dy: Xét hé théng oxy hoa —khir Co3" / Co?™* Co3t + 1e - Co?"

a3+
E=Eo+0,059 Ig EC" ]

TEJ“] (8.6)

Thém 1on cyanid (CN") vao dung dich chira Co>" / Co?" s& 1am mét di cac ion tu do nay do tao
nén phic cyanid: Co(CN)>~ va Co(CN)+

[Co [ ]%

o N _
ColCNY — Co™ +6CHF ;  Ku o ChT (8.7)
ColCMY 5 Co* +6CN- .  Kgu= [Co*IICN T (8.8)
— a Eh— ———— i .
’ [Co{CI)E]

K« va Kgp lan luot 1a nhitng hang sd phirc cia Co3" va ctia Co?*. Tur cac phuong trinh (8.7) va
(8.8) nguoi ta thu duogc:

(0o#) = Radl COCME T o120 _ Rin[Co(CIDE]
[CN"F [CNTT°

Thay thé [Co>'] va [Co?'] vao phuong trinh (8.6)
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E Co{CIN T
E=Eo+ 0,05 1z tootd 40050 lgw
K ] [Co(CN) & ]

thi ¢6 thé xc dinh thé chuan méi E’, trong tmg v6i hé théng méi CofCM)5/ Co(CI)z~

l:l}{]

8K 4]

E'y=E,+0,0591

[K o] : ‘ _
o] thay doi1 theo dd bén viing cua tung phurc CO{CN}% va CofCH)z"
kh

, ‘ o LT
Nguoi ta c6 thé chung to rang phirc CO{CN}% bén hon phurc Co(CNjg' , nghia la ty so m rat
kh

nh6 (khoang 10*%). Hé théng méi nay c6 tinh khir rat manh.
1.5.3. Anh hwéng ciia sw tao két tiia

Tuong ty nhu truong hop tao phire, dang oxy hoa M hodc dang khir M, , tao thanh hop chat it
tan v&1 mot chét Y nao d6. Két qua 1a ndng d6 giam 1am thay doi thé dién cuc cua cip. Gia sir dang
khir M, tao két tia voi Y:

M, +mY > M, Y _

v6i hang s6 TST = [M,, ][Y]™

00591, [, ]
E=Ea. (Moxstma + — lg —=
n [Mkh]
00591, [M ™
E = E.., Mox itz + " lg [ DTXS][T ]
00591, [TET 00591
E=Eo, orsaiiay — 2oy o1 000 (8.9)
n [T] n
. 00521, [T=T] . co 00591
E o Fo ettt g to gy E =By + 220 g
11

n [YT*

E’ . thé oxy hoa — khir chuan biéu kién.

Nhu vay, néu dang khtr cua cap tao hgp chat it tan thi khi két tha c6 TST cang nho, ndng do
thudc thtr Y cang lon thi thé oxy hoa - khir cang tang. Néu keét tua xay ra voi dang oxy hoa M thi
dé dang suy ra thé oxy hoa cua cip s& giam di.

Thi du:

Tinh thé chuén bidu kién ctia cip Cu?"/Cu’ khi thém ion I" tao két tua Cul v&i TST = 10712, Biét

En,cugﬂcf = 0,17 vandng do [IT]=[IM]

Hai ban phan ung: Cu?t +e - Cu'

Cu +1I —  Culd
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Cu!'+e+I" > Culd
vaE=E’; - 0,0591.1g(10- 1%/1) = 0,8792(V)
Sy ¢6 mat cta I tao két tua Cul 1am cho kha ning oxy hoa cua Cu?* tang 1én nhiéu.
1.6. Sy thay doi thé trong qua trinh phan tng - Hing s6 cAn bang
Xét hai qua trinh hoa tan 1 va 2 caa 2 hé thong c6 thé oxy hoa - khir khac nhau:
Ox;+qe — Kh
Kh, —  pe +Ox,

Néu thé chuan cua hé théng Ox,/Kh; cao hon thé chuan cta hé théng Ox,/Kh,. Khi p phan tit
cua Ox, tac dong trén q phéan tir cua Kh, thi phan (mg s€ can bang va can bang nay s€ bién thién theo
thé ctia hé thong oxy hoa - khu.

pOx +pge — pEh
g hz — gpe + qOxz
pOm +gEhy — pEh) + qlx

Tir phan Ung ndy, hang s6 can bang K dugc tinh theo biéu thirc:
[Eh) F =[Ox,]?
[Tz, )" %[Eh,]?

E =

Theo dinh luat Nernst. Khi cac hé théng nay can bang thi thé E twong tng véi mdi hé théng bang

nhau. Néu EID va ES 1an luot 13 thé chuan cua timg hé thong:

0,0591. [Ox, JF 0,051 [Ox, ]
E=Ep+ g =L =E3+ : (8.10)
pq  [EhJF pq  [Eh,T*
00591 [Eh Px[Oz,]% 00591
AEy =Ep-Eg = g2 K
pa [0 ] %[Eh,] 2|
1 2
K= M (8.11)

0,0591

Trong truong hop phan Gng chi sir dung I electron [thi du nhu sy oxy hoa cua Fe(Il) bang
cesium(IV)], bi€u thure tr¢ thanh:

_ (Ep -Ef)

K
€ 0,0591

1.7. Thé & diém twong dwong

C6 thé tinh thé ¢ diémqtu’orng duong d6i v6i mot phan tng duoc sir dung trong phan tich dinh
luong. Gia su & mot thoi diém nao d6 dung dich Ox; dugc thém vao dung dich Kh,. Theo (8.10)
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5 00591, [Ox4]" L 00591 [Ox,]?
E(p+q)=pEg +p lg——2—+qEy+q lg 1
pa [khy] pa  [kh]

[z [Dx,]

Efp+e) = pEZ +qEL +0.0591x]g 12227
(p+aq) =pEg +qEg l‘g[Khl][Khz]

Tai diém twong duong, két qua luén dugc xac thuc:
p[Ox;] = q[Kh,] va p[Kh,]=q[Ox,]

vi Ox, va Kh, chi ¢6 thé c6 dugce tir sy khir Ox,boi Kh,,.

Phuong trinh trén dugc don gian hod vi biéu thuc W =1;
[Eh; [Eh,]
0 1 1 2
dods:  lgomlOmal o, g a0 trEQ
[Eh, J[Eh,] ptaq
00591

Trong truong hop dac biét, cac phan trng chi st dung mot e~ . c6 n =1, thi E bang:

_Eo+Eg
2

Ap dung: C6 thé tinh gia tri K va thé ¢ diém tuong dwong trong hai thi du dugc st dung sau

E (8.12)

day.

Thidu 1: Tinh K
e Oxy ho4 Sn (II) b1 Fe(I1I)

Fe3™ +e— Fe?t ; EID =+0,77 (volt)
Sn?" — Sn* + 2¢ ; EZ=+0,14 (volt)
Theo (8.11) 1gE = (0,?70—00%4) X2 yold  K=1034

e Oxy hod Fe (IT) boi Ce(IV)

Cett +e— Cedt ; EE =+1,60 volt
Fe?t 5> Fe3T+e ; Eg =+0,77 volt
1gE = (LE0-0.77) 140714 =K =1014

0,05%
Thi dy 2: Tinh thé ¢ diém tuong duong:

Trong hai truong hop trén, phan tng c6 thé dugc xem nhu dich chuyén hoan toan vé phia phai. O

diém tuong duong, theo (8,12) c6 thé 1a:

file

Pé dinh lugng Sn(II) bang Fe(I1I)
_ (20771 +0,14

E =+ 0,56 (volt)

Pé dinh lugng Fe(II) bang Ce(IV)
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E= MDZ& = 41185 (volt)

2. PHUONG PHAP CHUAN PO OXY HOA - KHU
2.1. Dinh nghia

Phép chuén do oxy hoa - khir 1a phuong phap phén tich thé tich ding dung dich chuan cua chat
oxy hoa dé€ chuén d¢ chat khu nhu sat (1), mangan (II), iodid.... hodc dung dich chuén cua chat khi
dé chuan d¢ chat oxy hoa nhu sat (II1), Mn (VII)...

Ngoai ra, c6 nhimng hop chat khong c6 tinh oxy hoa - khu nhung phan ng hoan toan véi chat
oxy hoa hay chat khur (tao két tua hodc phuc chat) cling c6 thé dinh lugng theo phuwong phéap nay.

2.2 Yéu cau ciia phan ng oxy ho4 - khir ding trong phan tich thé tich

e phan tng xay ra theo chiéu can thiét.
¢ phan tng phai hoan toan.
e phan rng xay ra du nhanh.
i Chiéu ctia mot phén’ ung qdu’(_yf: du bao dua vao thé oxy hoa - khur chuén. Trong phﬁn he‘ing ) cép
bang da trinh bay AE, toi thiéu d€ cho phan tmg xay ra hoan toan. Tuy nhién hi¢u AE chi cho ta biét

kha ning xay ra phan g, con thyc té phan tng c6 xay ra khong, tbc dd nhanh hay cham phu thudc
ca vao ban chat hoa hoc ciia chung. Nhu di néu & trén phan tng oxy hoa - khir thuong 1 qua trinh
phtc tap, xay ra qua nhiéu giai doan trung gian. Do vay tc d6 phan tmg thudng 1a cham, nhiéu khi
khong dap tmg yéu cau dinh luong.

2.3. Cac bién phap dé lam tiing téc d9 phan ing

a) Tang nhiét dg: Khi nhiét do ting thuong thi toc d6 phan Gng ting theo. Dbi voi hé dong thé
khi nhiét do tang 10°C, tdc do phan tng ting 1én khoang 2-3 lan. Thi du phan Gng giita dung dich
KMnO, véi acid oxalic H,C,0, xay ra Ch?lm O nhiét do thu:(‘)rng, khi du’n nong phan rng nay xay ra
kha nhanh. Nhung co truong hop khong thé dung nhiét d6 de€ lam tang toc do phan tmg, vi tang nhiét
do s€ 1am bay hoi chat phan tng (nhu 10d), tao phan tng oxy hoa do oxy ctuia khong khi.

b) Tang néng dg: Trong mot s6 truong hop nguoi ta tang nong do cua thudc thir dé 1am tang toc
d6 phan tng va hay str dung k¥ thuat chuan do nguoc dé xac dinh nong do.

¢) Ding chdt xiic tdc: Cac phan tng oxy hod - khir xay ra qua nhiéu giai doan trung gian. Chat
xuc tac thuong 1am ting téc do cua cac giai doan trung gian nay. Vi du: iodid (I") dugc dung dé xac
tac cho phan ung oxy hoa 82032_ bang H,0,.

d) C6 nhiing phan tmg ma san pham tao thanh déng vai trd xtc tac cho chinh phan tng d6. Thi
du: Mn2* trong chuan d6 bang thudc thir KMnO 4
2.4. Khao sat s bién thién ciia thé oxy hoa - khir, dwong cong chuin dd oxy hos - khir

Tuong tu nhu trudong hop chuan do acid-base, Trong qua trinh chuan dd oxy hoa - khur, négg do
thuoc thir va chat can chuan do ludn thay doi. Bicu d6 dan dén sy thay doi the. Co thé bicu dien su

bién doi cua thé theo thé tich chat chuan d¢ trén mot do thi nhw bicu dién sy bién doi pH theo thé
tich chat chuan do (bai chuan dé acid —base).
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Bai todn: V& duong cong chudn do khi dinh lugng 50,0ml dung dich Fe?" 0,2M béng dung dich
MnO 3 0,IM moi truong 1a H,SO, (duy tri ndng do 1M trong sudt qu trinh chuén d6 va [H'] ludn
ludn 1a 1M).

Gidi:

Phuong trinh phéan rng xay ra nhu sau:

SFet + Mn0O; +8H,01 = 5Fe™ + Mn?" +12H,0

5 mol sat (II) + 1mol permanganat /méi truong acid cho 5 mol sat (III) va 1 mol mangano
Bén phan tmg 1: 5Fe?" + 5™ — 5Fe®" ; E,= 0,68 volt / H,SO, IM
Ban phan tmg 2: MO + 8H" + 5e — Mn?" + 4H,0;  E,= 1,51 volt

Hang s6 can bang cua phan ung nay dugc tinh:

Eh-E2)pg _ (1,51-0,68)%5

= 7022 = =100
00591 0.0591

1gK =

vi thé c6 thé khang dinh 1a chat phan tich va chat chuan d6 phan ng hoan toan.
- Sau khi thém 5ml KMnO4

mimol

hrong Fett dau tign: 50ml Fe?* % 0,2 Fe®* = 10mmol Fe2*

ml

mmeol MnOy

hrong MnOy thém vae: Sml MnOy =01
ml  MnOj

= 0,5mmol MnCy

Smmol Fe "

hrong Fet™ tao thanh: 0,5minol MnOy x —
lmrmol Mniy

=2 Smmol Fe*

2+
hrong Fet* cén lai: 10mmeol Fe* - 2, Smmel Fe?* x%

mrmnol Feg+

=7 5mmol Fe2*
Téng thé tich hién c6: 50 ml + 5ml = 55ml

3+ / Fez-l‘

Thé oxy hoa - khir ciia cip (Fe ) sau khi thém 5ml permanganat:

[Fe¥t]/55

E = E%pi* re+ + 0059112
( : [Fe?t]/55

[2.5]

E=10,68+ 0,0591lg ——
[7.5]

= 0,65 (wolt)

- Tinh thé tai diém twong dwong

5 qEL +pEs  (5x151)+(1x0,68)

1,37
p+q &
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- Sau khi them 25 ml KMnO4

mimol

hrong Fedt diu tign: 50ml Fet = 0.2 Fe** = 10mmol Fett

ml

minol

hrong MnO,thém vae: 25ml MnOy = 0,1 MnOy

ml

= 2,5mmol MnCy

lmmoel Mn2+

= 2mmol Mot

hw ong M2t tas thanh: 10mmol Fedt x
Smmol Fe
Lmmol MnCy

hrong MnOy edn lat = 2, 5mmeol MnOy - Zmmel Indt o
mmol Mn

= 0,5mmeol Mnily
Toéng thé tich hién c6: 50 ml + 60ml = 110ml
Thé oxy ho4 - khir cta cap (MnO 5 / Mn?") s& la:
0,0591, [MnO;[H*

E=Eqotmog ey ™ 5 Iz (M2 ]
a2
E—1514 20221 OIOXT o gy D099 ss0 _y s0u0l:
5 21110
Béng 8.2. Sy bién thién cua thé E theo [MnC, ] dwoe cho vao
[MnO 7] [MnO 7] Bircrng hién thign
themvao | E(V) | themvao | E(V) || € cila thé E theo [IMnO ;] cha vao
(ml) (ml) 26
:uu.'a 1.4 -r"-'_
£ 1.2 =
5 0,65 20 1,37 || 7 A
08 —
0.6 -~
04
10 0,68 25 1,50 o
1] 10 i ] a0 a0
[MnC ]
15 0,71 30 1,51
Nhan xét

e Puodng biéu dién dinh lugng trong phuong phap oxy hoa - khir c6 dang tuong tu nhu trong
phuong phép trung hoa. O gan diém twong duong c6 budce nhdy theé dot ngot. Co thé dung chi thi dé
phat hién diém nay.

* Duong })ié}l dién khong phu thudc vao d pha loang dung dich vi trong phuong trinh tinh thé E
cho thay ty so nong d¢ chat oxy hoa va chat khir khong thay doi khi pha loang.

e Tri s bu6c nhay phu thudc vao hiéu s6 AE = E, — E,. Hiéu s6 AE, cang 16n budc nhay thé
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cang cao.

Bién thién cta thé E trong qua trinh chuan do.
2.5. Chi thi str dung trong phan @ng oxy hoa — khir
2.5.1. Dinh nghia

Chi thi oxy hoa - khur la cac hé thdng oxy hoa — khir ma dang oxy hoa va dang khir c6 mau khac
nhau dé xac dinh diém két thuc phan ung.

2.5.2. Piéu ki¢n sir dung

Mot chét chi thi oxy hod - khtr phai dép tng:

- Thay d6i mau tirc thoi va ¢ thé cang thuin nghich cang t6t (diéu kién nay khé thyc hién duoc
vi it c6 phan tmg oxy hoa - khir nao xay ra nhanh va thudn nghich).

- Pu d6 nhay: dé co6 thé st dung mot luong chi thi nhé ma khong ké dén sai s6 do luong dung
dich chi thi oxy hoa hay khir da duoc tiéu thy dé xac dinh sy thay doi ctia mau sic.

2.5.3. Co  ché chuyén mau ciia chi thi oxy hod - khir

- Co vai chi thi chuyén mau do cac dang oxy hoa va dang khur cua chi thi c6 mau sac khac nhau.

Thi du: Dung dich MnO 3 c6 mau tim dam. Tuy nhién, trong dung dich acid thi dang khir cia

permanganat la Mn2* gan nhu khong mau. Khi MnQy, duogc st dung nhu chét chuan d6 oxy hoa thi

dung dich s& khong mau (do dung dich phan tich c6 tinh khir) cho dén luc giot thira Mn04 dau tién
dugc thém vao thi dung dich nhuém mau hoi tim xanh s& cho biét diém két thiic cta phan ung.

- Co vai chét chi thi chuyén mau khi két hop vé6i cac chat oxy hod — khir ddc biét co trong dung
dich chuan do.

Thi du: Tinh bot tao phirc xanh duong v6i1 I35 nén co thé sir dung dé phat hién sy c6 mat cua
luong thira I3 (chuyén mau tir khong mau sang xanh duong) hay tinh bot phat hién diém két thiic
ctia phan ing ma trong d6 I3 di dugc tiéu thu hét (chuyén tir mau xanh duong sang khong mau). Thi
du khéc cua mdt chi thi loai nay la thiocyanat tao véi Fe3*t phtc do Fe(SCN)zJr hoa tan.

- Tuy nhién, c6 loai chi thi chuyén mau 1 do thé dién hoa cta dung dich thay ddi. Loai chi thi
oxy hoa— khur rat quan trong nay 1a cic chit khong tham du vao chuan do oxy hoa- khir nhung
chuyén mau 13 do khi thém chi thi loai nay vao dung dich phan tich thi mau chi thi s& tuy thudc vao
thé dién hoa cua dung dich. Vi sy thay d6i mau dap ing vai thé dién hod nén nhitng hop chit niy goi
chung 1a chi thi oxy hoa —khiwr chuyén biét.

2.5.4. Phan loai chi thi oxy hoa — khwr

Chi thi oxy hod - khtr: c6 2 loai chu yéu 1a chi thi chung va chi thi chuyén biét.

e Chi thi chung: 14 nhitng chit c6 mau thay doi khi bi oxy hoa hay bi khir.

e Chi thi chuyén biét: su thay ddi mau cua chi thi oxy -_hoéa khtr that sy doc 1ap véi ban chét hoa

hoc cua chat phén tich, chit chuan do va tuy thudc vao sy thay ddi thé dién cuc cua hé théng xay ra
trong luc chuan do.
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Tén chi thi Mau cua dang oxy hoa Mau cua dang khir g0 V)
Indigo tetra sulfonat xanh dwong khéng mau 0,36
Xanh methylen xanh dwong khéng mau 0,53
Diphenylamin tim khéng mau +0,76
Diphenylbenzidin tim khéng mau +0,76
Diphenylamine sulfonic acid do tim khéng mau 0,85
Tris (2,2’- bipyridin) sat xanh dwong dam do 1,12
Ferroin xanh dwong nhat doé +1,06
;::Qﬁ (5- nitro- 1,10-phenanthrolin) xanh dwong dam 86 tim 1,25
Acid phenylantranilic tim khéng mau +1,08

Dé chon chit chi thi cho mot phép chuan d¢ ngudi ta thuong dung phuong phap v€ duong biéu
dién sy bién thién cua thé theo thé tich, chi thi s& chon thudng c6 thé chuin gan véi thé chuan tai
diém tuong duong ctia phan tmg oxy hoa — khir.

Phéan tmg d6i mau khong luon ludn nhanh caa chi thi mang mau s& dan dén sai s6 hé théng trong

khi dinh luong.

Mat khac, vai moi truong phan Gmg c6 mau khong sir dung duoc chat chi thi. Dé loai di céc bat
lg1 nay, nguoi ta sir dung phép chuan dg the.

2.5.5. Khodng doi mau ciia chi thi oxy hod — khir

Neéu goi chi thi mang mau ¢ dang oxy hoa 1a In ox’

InOX +ne” > InKh

Nhu vay, thé oxy hod — khtr ciia hé thong c6 thé viét 1a:

In
E— EE‘I 00531 Iz [ gy, ]
n [l g, ]
E] 14 thé chuén cua hé thong In ox | gy,

dang khur 1a Iny,, thi:

Khoang d6i mau ctia mét chi thi oxy hoa — khir 13 khoang bién doi thé

L

kh

khi ty 1& chuyén tir = ox4

Nhu véy, khoang d6i méau cua chi thi nim trong gi6i han:

0,0551

1

E d&imauw Ep +

[In o] _ 1

=10 chuyén sang \Ztexd _ ©
[y, ] 10

Trong nhiéu trudng hop cac hé théng oxy hoa — khir co sy tham gia ctia cac H' thi khoang ddi
mau ctia chi thj (cht yéu phy thude vao thé chuan biéu kién E' cita chi thi) s& bién thién theo pH va

do vay khoang d6i mau s& phu thudc pH.

3. MOT SO PHEP PO OXY HOA -
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3.1. Phép do Permanganat
3.1.1. Nguyén tic
Phuong phap Permanganat van dung kha nang oxy hod cua permanganat Mn@EL Phan {mg

thuong duogc thuc hién trong méi trudng acid va mudi duy nhat dugce str dung 13 mudi kali.

Permanganat 1a chat oxy hoa manh dbi voi nhitng hé thong khu (MnC /Mn?" = +1,51 volt & pH
= 0) dan dén két qua 1a tinh chon loc ctia chat oxy hoa ‘nay rit yéu vi cac chat khac déu déng vai trd
1a chét khir ctia permanganat, do vy thudng sir dung dé dinh luong cac chat khir.

3.1.2. Vai tro cia pH
a) Trong moi truong acid: Mn’* + 5¢~ — Mn?"
b) Trong mdi trudng trung tinh hay kiém:
- Trong moi trudng trung tinh hay kiém yéu, kha ning oxy hod yéu hon.
Mn”" + 3¢ — Mn*"
(Mn4Jr dudi dang MnO, tia nén kho st dung)
- Trong moi trudng kiém manh, kha ning oxy hoa con yéu hon nira.
Mn’* +¢” — Mn®*

-T rong moi tmorng trung tinh hay kiém, phan tng kem lap lai hon trong moi truong acid, sy oxy
hoa ngumg ¢ nhing giai doan khac nhau va san pham c6 mau do do can sir dung ky thuat chuan do
thira trir khi mudn thyc hién trong méi trudng ndy. Thuc té hay sir dung méi truong acid dé chuan do
bang phuong phap permanganat.

3.1.3. Acid dwoc sw dung trong phép do permanganat
a) HCI: khong thé dung vi }nO 3 ¢ thé oxy hoa CI” giai phong Cl,.
2KMnO, + 16 CI” + 16H" — 2K+ 2Mn** + 6 CI” + 8H,0 + 5Cl,

Trong thyc t€, sy oxy hoa nhitng ion CI~ chi xuat hién khi ndng d6 muoi cao va khi nhiét d6 méi
truong cao hon nhiét do cua phong thi nghi€ém. Do c6 thé phong thich Cl,, phai tranh dinh luong

FeCl, boi phuong phap permanganat trong mdi truong HCI vi ion Fe?™ lai cang xuc tac phan tng
nay.

Trong nhiing trudng hop dic biét HCI ciing duge dung khi oxy hoa truc tiép anhydrid arseno
(phwong phap Bright).

b) HNO;: ion nitrat IO khong anh hudng bat loi nhung vi HNO; trong thuong mai ludn ludn
chtra nhitng ion nitro IO va anion nay khu permanganat nén acid HNO; thuong khong dugc dung.

¢) H,S0, va H;PO,: thuong su dung 2 acid nay dé lam moi truong

2KMnO, +3 H,S0, 5 K,SO,+ 2MnSO, + 2H,0+ 0O,
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hay MnOj; +8H '+ 5¢” 5 Mn?" +4H,0
M
B poci = — = 31,60

3.1.4. Dung dich chudn sir dung trong phép do permanganat
- Dung dich chuan KMnO 4 0,1N: mudi nay tu khir d& dang khi c6 mat nhimg tap hitu co, do d6
khi cén truc tiép dé hoa tan thi ndng d6 thuong dudi mirc mong mudn.

- Piéu ché: Hoa tan khoang 3,25 g KMnO 4 nay trong 1 lit nude da dun s6i trude. Bao quan dung

dich trong lo sach va dé vai ngay trude khi thyc hién chuan d6 lai. Trong khoang thdi gian nay
nhirg chét hiru co s& bi oxy hoa va ndng do giam nhe. Khi tit ca nhimg chat hitu co di bi oxy hoa
thi nong d6 ciia dung dich hau nhu bén viing. Loc qua bong thuy tinh hay phéu thuy tinh x6p. Dich
loc dugc chura trong nhiing chai thuy tinh mau vi anh sang xuac tac sy phan huy permanganat. Khi su
dung, xac dinh lai néng do b?lng dung dich acid oxalic.

- Bao quan: dé tranh 4nh sang hoan toan vi anh sang xtic tic su phan huy permanganat.

3.1.5. Ung dung dinh lwong bang phép do permanganat

3.1.5.1 Pinh lwong cdc hop chdt vé co

a) Dinh lwong mudi sat II: (Fe2 ™ €0 tinh khir) trong thuc té hay sir dung muoi Mohr

Fe’* - Fe’™  (méi truong H,80,)

Néu mubi sat II & dang clorid thi sir dung cromat acid kali hay cerium (IV) 1am tic nhan oxy hoa
vi CI” s€ lam r6i1 dinh lugng do tao Clz.

b) Dinh lwong muéi sit (III) — (F&> " ¢6 tinh oxy hod)

Phai khtr ion Ferric (Fe3+) trudc voi mot luong thira thube thir Sn2+, amalgam kém (Zn),
anhydrid sulfuro hay H2804. Ton sat II (Fez+) duoc tao nén sé& dugc chuan do b?lng dung dich
permanganat.

¢) Dinh luong peroxyd
Hydroperoxyd (nudc oxy gia) (peroxyd hydro) vira ¢é tinh oxy hod, vira c6 tinh khur.
Khi tac dung véi chat khir manh hon thi thé hién tinh oxy hoa:
(0,)* +2e+4H" — 2H,0
Khi tdc dung voi chét oxy hod manh hon thi thé hién tinh khu:
(0))* —2e—> 0,

Trudng hop hydroperoxyd la chat khir: sir dung dung dich kali permanganat 0,1N dé dinh luong
nudc oxy gia trong moi truong acid.

Co ché phan tmg: KMnO 4 Phén huy hydroperoxyd dé phong thich oxy theo phuong trinh:

2KMnO, + 5H,0, + 3H,80, > K,SO, +2Mn SO, + 50, + 8H,0
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Hydroperoxyd 1a chat khir: H,O0p — 2¢" + 2H' + 0,

Pé tinh duoc cac loai ndng do cua dung dich hydroperoxyd phai tinh duoc duong luong gam,
duong lugng thé tich cua hydroperoxyd:
Puong lugng gam:

My 34
Eg,0, = j‘ﬂ ===17(g)

Puong luong thé tich cua hydroperoxyd 13 sb lit oxy giai phong ra do 1 duong luong gam
hydroperoxyd bi phan hiy hoan toan.

HyOq - H O+ %Dg

34g H0p — %.22,4 Iit

172 —=lit
171204
= x=—2 =56l
34

~ Vay duong lugng thé tich cta hydroperoxyd 1a 5,6 lit (& diéu kién tiéu chuan). Ttr d6 tinh duoc
s0 lit oxy giai phong ra do 1 lit dung dich nudc oxy gia c6 nong d¢ N bi phan hiy hoan toan.

Vo, =56 XN
W, la thé tich oxy giai phong ra do 1 lit dung dich hydroperoxyd bi phan huy hoan toan.

N 1a néng do duong lugng cia dung dich hydroperoxyd.

Cha y: phep dinh luong chi cho két qua chinh xac khi nong d6 dung dich hydroperoxyd dem
chuan d¢ xap xi 1 thé tich.

Mot duong luong cua KMnO, tuong ing v6i 17 gam hydroperoxyd hodc twong ung v6i 16 gam
oxy hay twong tmg v6i 11,2 lit khi O, trong diéu kién tiéu chuan vé& 4p suét va nhiét do.

Chu y: nhiing ch?}t bao quan (acid benzoic...) trong nudc oxy gia co thé din dén nhing sai sb
thtra vi nhiing hop chat nay bi dung dich permanganat oxy hoa.

d) Dinh luvong nitrit

Céc nitrit trong méi trudng acid duge oxy hoa bang KMnO 4

o1 o cn, an A
bBuong lugng cia KMnO,, tuong tng voi 5 mol nitrit. Phan Gng xay ra ¢ nhiét do gan 40°C. Ion
nitrit O3 bi phan huy d& dang cho nén dé nitrit vao buret va cho tir tir vao dung dich dé chuan do

MnOy da dugc acid hod truée bang H,SO, dén khi mat mau dung dich.

3.1.5.2. Pinh luong cac hop chat hitu co

Viéc str dung tryc tiép KMnO 4 dé phan tich cac hop chét hitu co hién nay it duoc st dung.
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3.2 Phép do iod
3.2.1. Nguyén tic

Phuong phap iod bao gém viéc dinh lugng sir dung tinh chat oxy hoa — khir cta hé thong
iod/iodid (I,/2I7)

Tod (I,) la mét halogen c6 tinh oxy hoa manh thu 1 electron khi tac dung voi chat khtr.
I, +2e - 217
Nguoc lai iodid (I7) ¢6 tinh khtr d& nhudng 1 electron khi tac dung véi chat oxy hoa:
20 -2e > 1,
Do vay dung dich I, dé dinh luong chét khir va dung dich iodid dé dinh lugng chat oxy ho:

L +2e —2I°

3.2.2. Cdc ky thudt chudn dé trong phép do iod

~Céac ky thuat c}luén d6 da duogc gidi thiéu trong bai phuong phap phan tich thé tich, phan nay sé&
nhac so bg cach tién hanh trong phép do iod.

3.2.2.1. Chuén d¢ truc tié}?

Tién hanh: chuin d6 cac dung dich c6 tinh khtr bang dung dich chuan d¢ iod.

Thé oxy - khir chuan E%= + 0,535 V cho thdy iod 1a mét tic nhan oxy hoa yéu (¢ vi tri giita clia
bang thé oxy hod - khir chuan).

L, +2¢" =2 ; E%=+0,535(V)

Tuy vy, ¢6 vai chat dugc chudn d¢ tryc tiép bang dung dich iod thich hop hon vi tic dong oxy
hoa nhe cua iod lai ¢6 191 trong khi st dung chat chuan do manh hon c6 thé gay ra sy oxy hoéd khong
ty lugng.

3.2.2.2. Chudn do thira trir (chudn d¢ ngwoc)

Tién hanh: thém mot lugng thira dung dich KI vao mu chira chat oxy hoa. Chét oxy hoa nay b
iodid khu, két qua tao thanh mét luong iod twong duong va duge chuan do bang natri thiosulfat
chuan.

A T T (lugng thra) — Ay +1,
25,0 + I — 3,05 +2I

Tod tao thanh trong phan tmg dau tién twong duwong véi lugng tac nhan oxy hoa A €0 trong

mau. K& d6 iod tao thanh dugc chuan do be‘ing natri thiosulfat, cac ion iodid va tetrathionat la cac san
pham.

3.2.2.3. Chudn d¢ thé

file://C:\Windows\Temp\kwcijklckga\hoa phan tich.htm 04/01/2013



Bo Y te - Hoa phan tich Page 152 of 225

Tién hanh: cho mot thé tich chinh xéc dung dich can dinh luong tac dung voi mot luong du
thude thur nao do, phan g sinh ra mot lugng cheflt moi tuong duong hod hoc voi luong chat can xac
dinh. Dung dung dich chuan d¢ dé dinh lugng chat mai sinh ra.

Thi dy: dinh lugng K,Cr,0, bang cach cho tic dung voi KI thira (mdi trudng acid) dé giai
phéng iod (lwong tuong duong).

K,Cr, 05+ 6KI + 7H,SO, — 31, + Cr,(SO,); + 4K,SO, + 7H,0
Thay vi dinh lugng K, Cr, 0O, thi s€ dinh lugng I, phong thich bang Na,S,0;.
2Na,S,05 + 1, — 2Nal + Na,§,0,
3.2.3. Piéu ki¢n tién hanh

3.2.3.1 Vai tro cua pH

Vi hé 1/21” trong thang thé oxy hoa — khir & vi tri giira (thé chuan oxy hoa — khir = 0,54 volt &

pH = 9) nén tinh oxy ho4 hay tinh khir ctia hé nay thay d6i theo ban chat cua cip oxy hoa - khir hién
dién va theo pH ctia moi truong phan tng.

- Trong moi truong acid: kha ning oxy hoa cua iod thé hién ddi véi cac hé thdng c6 thé oxy hoa
— khir thdp hon hé théng (I,/217). Thi du: iod ¢6 thé oxy hoé thiéc clorid (SnCl,), hydro sulfua
(H,S), acid sulfuro (SO,), natri thiosulfat (Na,S,05).

- Trong mdi trudong acid manh: mot sb hé oxy hoa - khtr lai ¢6 thé ting 1én va kha niang khir cia
iodid lai thé hién. Do vay trong mdi truong acid manh, iodid khir acid nitro HNO,, céc arseniat

As07
- Trong mdi truong trung tinh, thé ctia vai hé thong oxy hoa — khir du giam va nhu vay c6 thé bi
oxy hoé boi iod. Thi dy: c6 thé oxy hoa nhiing arsenit AsOZ~ boi iod trong méi trudng trung tinh.

_ Nhu v@y, mdi truong acid yéu hodc trung tinh hodc kiém nhe (pH = 5 - 8): thuong duoc sir dung
dé chuan d¢ truc ti€p iod trong phép do iod.

Trong vai truong hop chuan do truc tiép iod, pH can phai theo that ding. Thi du: trong dung dich
trung tinh, viéc chuan d¢ arsenic (III) thanh arsenic (V) bang iod dién ra tot theo phuong trinh phan
ung:

H,AsQ7 +L +HyO — HA:QO; +3HT+2I

Tuy nhién, trong dung dich acid manh thi phan tng s& chay theo chiéu nguoc lai, arsenic (V)
thanh arsenic (I11):

- +
H;AsO, +2I" + 2H" 5 H;AsO5 +1, + H,0

- Trong méi truong kiém pH > 9 thuong méc phai sai sé do iod oxy hoa thanh hypoiodid (107)

khong bén va phan huy thanh iodat (103 ), IO™ c6 tinh oxy hoa manh hon iod, né chuyén dugc ion

5,03 thanh S,0,~ dan dén sai s do d6 khong nén tién hanh phép do iod trong moi trudmng kiém.

I, +20H — 10"+ 1" +H,0
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3.2.3.2. Nhiét do

Tién hanh & nhiét do thuong (trong phong) vi tién hanh & nhiét d cao thi iod s& bi thang hoa va
d6 nhay cua chi thi giam, din dén sai s6 két qua dinh luong.

3.2.3.3. Thoi gian phan ung

Khi dinh Tugng bang ky thuét chuan d6 thé, phan mg gitra kali iodid va chat oxy hoa can tién
hanh trong 10 dén 15 phat dé phan ng xay ra hoan toan, dong thoi dé kali iodid khong bi phan hay
thanh iod, can tranh 4nh sang do phan tng;

3.2.3.4. Chi thi
Chi thi thu’(‘)[ng st dung 1}6 tinh b(f)t.NTrgng ghuén dgf) truc tiép, néu h(f) tinh bot dugce thém vao sém
qué thi 10d s€ hap thuy trén ho tinh bt dé dan dén sai s6 khi phat hién diém két thuc.

Khi dinh lugng dung dich iod c6 nong do thap thi nén thém ho tinh bot hay thioden va khi c6 méit
1odid, cac chat nay s€ cho phirc mau xanh duong.

Khi ¢6 mat cua cac dung mdi hiru co khong co6 oxy (cloroform, carbon tetraclorid) thi mot giot
thtra s€ lam cho pha hitu co nay c6 mau hong.

3.2.3.5. Sai 56 “oxy”

Sai s6 “oxy” 1a van dé khi chudn d6 thira trir bang iod. Trong dung dich acid, oxy tir khong khi
oxy hod iodid thanh iod.

- +
O, +4I" +4H" — 21, + 2H,0
Phéan tmg nay giy ra sai s6 thira khi chuan do gian tiép bang iod. Sai s6 gia ting theo tinh acid.

Sai s6 “oxy” tranh dugc khi thuc hién trong khi quyén tro hodc thém carbon dioxid ran hay natri
bicarbonat vao dung dich acid dé tao ra su bao v¢ cua carbon dioxid hoac dé tranh thura acid.

3.2.4. Dung dich chudn sir dung trong phép do iod
3.2.4.1. Dung dich oxy hod

a) Dung dich iod: iod la mét chat rin tan dugc trong mot sé dung méi hitu co nhung lai it tan
trong nudc va dé bay hoi. Nhung khi ¢6 mat cua iodid (nhu Nal hay KI) thi iod phan ng véi iodid
dé tao thanh phurc anion triiodid c6 mau nau dé ddm co thé tan dugc trong nudc.

L+ —> 13"
Do vay, dé khic phuc khuyét diém khong tan trong nudc cua iod, dung dich chuan do iod c6 thé

diéu ché"be‘ing cach hoa tan can than mot lugng iod trong dung dich nude c6 iodid. Trong cach viét
va can bang phuong trinh hoa hoc, ngudi ta viét don gian dung dich iod hoa tan trong iodid la I,.

Cac dung dich iod dugc pha ché nhu thé phai duoc bao quan tranh anh sér}g trong nhirng lo mau,
c6 nut kin dé€ tranh sy oxy hoa céc iodid do oxy cta khong khi va tranh mat iod do bay hoi. Phai
tranh moi vét dong vi kim loai nay dé dang oxy hoa céc iodid do oxy cua khong khi.

b) Dung dich kali iodat: KIO; (M = 214,02):
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Khi ¢6 mat 1 lugng thira iodid va H', 1 ion iodat IO3 phong thich 3 phan tir iod sir dung 6e”

IO3 + 51"+ 6H" — 31, + 3H,0

E= %: 214,02

Pha dung dich kali iodat 0,IN theo Dugc dién Viét nam III (trang PL 28). C6 thé thém vao dung
dich nay mét Iugng thira KI trong luc diéu ché (15 g/lit) hay trong truong hop ngugce lai, cho I vao
mau thi nghiém cua dung dich nay lic sir dung. Hon hop dugc acid hoa bang 1 thé tich thura dung
dich HCl hay H,S0O, loéng. Iod phéng thich s&€ dugc chuén d¢ bang natri thiosulfat.

= 35,67

¢) Dung dich kali bromat: (KCrO5; M = 167,01) dugc lam kho trude tir 120°C — 150°C
BrO;™ + 61"+ 6H" — 31, + Br~ + 3H,0

Khi pha, thém dung dich I” vao lic dinh luong (gidng trudng hop cua kali iodat).
- pha dung dich kali bromat 0,1N theo Duogc dién Viét nam I11 (PL 27).
d) Dung dich kali dicromat: (K,Cr,O,; M = 294,21) gidng truong hop trén, khi c6 mot luong

thira KI trong méi trudng acid thi kali dicromat c6 thé phong thich iod theo phan tng:

_ + 14H" +6I" - 31, + 2Cr31 + 7H,0
Cry 02 2 2

Phan tmg thuc hién voi sy ¢6 mat cua 1 lugng thua acid. Dung dich natri thiosulfat dugc cho vao
buret. Piém tuong duong dugc xac dinh nho ho tinh bot duge thém vao can diém tuong duong. lon

Cr3" ¢6 mau xanh luc. Su chuyén mau tr xanh duong dam dén xanh luc.
3.2.4.2. Dung dich khw
Dung dich natri thiosulfat (Na,S,05)
- Pha ché: thuong thuong, dung dich natri thiosulfat dugc pha ché & nong d6 0,IN. Nudc ding

dé pha phai dudi khi carbonic truéc vi acid di vao dung dich nay s& lam duc tir tir thiosulfat do tao
tua luu huynh:

2,03 +2H" —» S0, +S{ +H,0

Phai bao quan tranh anh sang. Can thém vao mot it chat bao quan nhu natri borat (3%) hay con
amylic (0,8%) dé€ tranh nhiém vi sinh vat.

Phan tng x4y ra do iod oxy ho4 ion thiosulfat SZO%' thanh ion tetrathionat 3403" .

28,05 +1, > 5,08 +2I

Puong luong cua thiosulfat turong img véi mot phan tir gam (E = M = 248,2)
Natri thiosulfat (Na,S,05.5H,0) khong phdi 1a chat gbc vi d& hat nude. Do vy, mdi lan dinh

lugng phai chuin d6 lai b?lng dgng dich chuan d6 iod hoic dung dich chuan do permaganat (chu?m
do thura trur) hodc dung dich chuén d¢ kali iodat (KIO;).
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3.2.5. Ung dung dinh lwong bang phép do iod
3.2.5.1. Phép do iod trong moi truong nuoc

- Chudn dg tryc tiép: Phép do iod trong phan tich hop chat vd co dé dinh lugng natri thiosulfat,
cac sulfit, cac cyanid, cac mudi kim loai.

- Chudn d6 thira trir: (phép do iodid)

+ Phan tich hop chat vo co: Pinh lugng halogen, cac hypohalogenid, cac iodat, cac arseniat, cac
peroxyd: nudc oxy gia, cdc muoi kim loai: muoi ceric, muoi dong, céc ferricyanid.

+ Phén tich hop chat hitu co: Vai hop chat hitu co c6 kha nang gin vao iod mot cach dinh luong
¢ nhimg moi truong thich hgp va véi mét luong thira iod nén dinh luong ludn ludn theo ky thuét
ch}lén d(f) thura trir. Song song thuc hién mot
mau trang.

Ap dyng k¥ thuat nay d¢ dinh lugng céc dan chét cta luu huynh hitu co ¢6 chita nhém thiol, cac
hydrazin va dan chat cua ching, dinh lugng gian ti€p cac formaldehyd, dinh lugng gian tiép céc
aldehyd

+ Xac dinh chi s6 iod

Dinh nghia: chi s6 iod 1a s6 gam iod c6 kha ndng ¢4 dinh trén ndi doi ctia 100 g chat khao sat.
Do chinh 1a phan trdm iod dugc gan b1 mot chat.

Trong nhitng diu kién dic biét, iod c6 thé c6 kha nang ¢6 dinh trén ndi ddi (trong moi truong
khan). That vay, mgt minh iod khong thé ty gan truc ti€p va phai dung 1 halogenid (iodid, clorid hay

bromid) tac dong bang cach tr phan cuc hoa thanh 15— x%-

R-C=C-R’+R-CX-CI-R’

theo phan ung:

Thudc thir phai dugc cho vao v6i lugng thira va sau mot thoi gian tiép xuc xac dinh s& duoc dinh
luong. Mot luong thua dung dich nude KI duge thém vao va nhu vay s€ phong thich dinh lugng iod
bang tac dong cua halogenid iod trén KI:

XI+I‘—>12+X‘

Tod dugc phong thich s& duge dinh luong bang natri thiosulfat. Trong nhiing diéu kién nay, mot
nguyén tir halogen X tac dong nhu mét nguyén tur iod va tu do tinh toan két qua. Thyc hién song
song mQt mau trang.

3.2.5.2. Phép do iod trong méi trwong khan (chudn dé Karl — Fischer)

Viéc xac dinh ham luong nuée trong nhitng chit vo co ciing nhu chét hitu co thuong rat quan
trong. Cho dén nay, c6 nhiéu phuong phép vét Iy va hoa hoc dé dinh luong nudc, nhung ki thuat
Karl — Fischer mé ta nim 1935 duogc st dung nhiéu do tinh chinh x4c va chuyén biét ciing nhu do
tinh toan két qua tuong d6i don gian.

Nguyén tic dinh luong nudc theo Karl — Fischer: khi ¢6 mit nudce thi iod tac dong trén anhydrid
sulfuro d€ cho acid sulfuric (H,SO,) va acid iodhydric (HI).

2H,0 + S0, +1, 5 H,S0, + 2HI
Phan tng nay lai dugc Bunsen thuc hién véi sy 6 mét cta pyridin lam cho phan ing hoan toan
dich chuyén vé phia phai bang cach két hop base nay voi nhimng acid tao thanh theo phan tng ly
thuyét tong quat:

+ +1—-
2H,0 + SO, + 1, + 4CHs N - (C;HNH), SO, + 2C HNH'T
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Trong nhiing diéu kién da cho, luong iod dugc tiéu thu thay ddi theo lugng nudc cd mat trong
phan tng, 1 phan tir iod tuong g vé1 2 phan tir nude.

D0 nhay ctia phuong phap tang cé’thé gap doi néu phan Gng xay ra Vol sy ¢6 mat cia MeOH, 1
phén tir cua dung mdi nay s€ “thay thé” 1 phan tur nudce. Phan tmg c6 thé bi phén huy thanh 2 giai
doan lién tiép:

- Iod va anhydrid sulfuro két hop trudc véi pyridin.
SO, +1,+3CHs N - CHy N + CHy N-1, + C,Hs N-SO,

Sau phan tng toan phan nay, mot phan tr nudc tiéu thy 1 phan tir iod, mot phan tir anhydrid
sulfuro, 3 phan tu pyridin va mot phan tir methanol.

H,0 + C(Hg N + C(Hg N-1, + C(Hs NSO, — 2CHs N-H'T™ + C,H  N™-SO,”
CeHsN™-SO,~ + CH;OH — C,H; NH"CH,0 SO;~
3.3. Phép do nitrit
3.3.1. Nguyén tic

Trong moi trudong acid, natri nitrit tac dung vo1 amin thom bac nhét tao mudi diazo khong mau
(phan trng diazo hod).

NaNO, +HCI — HNO, + NaCl
Ar-NH, + HNO, + HCl - [Ar-N"=N]CI + 2H,0

Tir thé tich dung dich natri nitrit 0,1M d& phan tng, tinh ndong do hodc ham luong chit can xéac
dinh.

3.3.2. Piéu ki¢n tién hanh

- Méi truong phai acid va loang.

- Nhiét d6 thap (thém nudc da).

- Khudy déu dung dich can chuéan db.

- Lic dau nhé dung dich chuén do khoang 2ml /phut, dén trudce diém twong duong khoang 1ml
thi nho ting 0,1ml mot va dé yén it nhat mot phit sau moi lan thém dung dich.

(hién nay phuong phap nitrit dd dugc néu rd cach tién hanh trong cac dugc dién va c6 thé doc két
qua do su thay doi thé oxy hod — khur hodc chuan d6 ampe. Néu khong c6 may thi s€ st dung chi thi
de phat hién dieém ket thuc).

3.3.3. Dung dich chudn sir dung trong phép do nitrit

Dung dich natri nitrit (NaNO,) nong do 0,1M.

Céc nitrit (NaNO,) bén hon 1a HNO,. Ching hoa tan tot trong nu6c. Chét hoa tan kém nhat 1a
AgNO, (bac nitrit) nhung tan t6t & nhiét d6 nong. Vai mudi phirc chira ion NO, kem tan, Thi du: K5
[CO(NO,)¢], (NH,);[CO(NO,)].....

Khéc véi acid nitric, acid nitro twong dbi yéu (K= 4.10%).
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INO; 1a anion cua HNO,. Acid nay chi hién hitu ¢ trang thai tu do trong dung dich acid loang ¢
nhiét d6 lanh va s& bi phan hily mot cach dé dang thanh anhydrid nitro va nuéc:

2HNO, — N,0, + H,0

Anhydrid nitro bén va chi c6 mat ¢ nhiét 6 thap. O nhiét do trong phong, nd ty phan huy tic
khac voi sy tao thanh oxyd va peroxyd nito.

3.3.4. Chi thi sir dung trong phép do nitrit

Tai diém tuong duong, 1 giot thira dung dich natri nitrit s& phan Gng véi chi thi tropeolin 00 1am
cho dung dich dinh lugng c6 mau vang.

Cach dung chi thi mau tropeolin 00: cho 4 giot chi thi mau vao binh dinh luong, nho dung dich
natri nitrit 0,1M véi tc d6 2ml trong 1 phat. Khi mau do chuyen sang mau nhat réi mat mau thi toc
d6 nho natri nitrit cham lai (1 giot trong 1 phiit), dén khi xuat hién mau vang nhat bén viing trong 2 -
3 phut thi két thiic dinh luong.

Co thé dung hdn hop tropeolin 00 (4 giot) va xanh methylen (2 giot) thay cho tropeolin 00,
chuyén tir mau tim thanh xanh da troi.

3.3.5. Ung dung dinh lwong bang phép do nitrit

- Xac dinh cac ché phim c6 chira nhom amin thom bac nhét nhu procain, cic sulfamid hoic nhing
ché pham khac ma qua bién doi hod hoc chuyén dugc thanh hop chat c6 nhom amin thom bac nhat.

3.4. Phép do crom
3.4.1. Nguyén tic
Trong méi truong acid, cAn bang oxy hoa - khir duoc viét:

Cr,0% +14H" + 6¢” — 2Cr3* + 7TH,0

duong lugng = M E, (Cr,0,%/2Cr") = +1,35V ¢ pH=0
g Lo (Cr0;

Kha ning oxy hoa ctia bicromat yéu hon permanganat (Eg=*151V 6 pH=0).

Bicromat 1a mot chit chuan va c6 thé pha ché dung dich c6 d6 chuan chinh xac bing cach can
don gian. Phan ung cling co6 thé duoc thuc hién trong méi trudng HCI ¢6 pH ~ 1-2 vi céac ion CI
khong gay rdi phan g va cac chat hitu co ¢6 trong nudc khong khir bicromat.

Dung dich chuan d6 dugc bao quan t6t ngay ca dudi anh sang. Nguoc lai, c6 mot khuyét diém 1a

kho ghi nhan dugc diém twong duong do su thay doi mau cua mudi crom: Cr;,@%" c6 mau vang hoi
dam trong dung dich lodng thanh Cr’* mau xanh luc. Chi thj cin thiét st dung la diphénylamin p-
sulfonat (khong mau ¢ dang bi khir va tim nhat & dang bi oxy hod) hoac dimethyl furoine.

3.4.2. Dung dich chudn sir dung trong phép do crom

Kali bicromat (K,Cr,0,) phéi dugc siy kho trude & 120°C —130°C va nghién nho roi hoa tan
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trong nudc (co thé ding nude 4m). Dung dich 0,1N ciia chit nay rat bén va co thé bao quan vo
han.

3.4.3. Ung dung dinh lwong bang phép do crom

3.4.3.1. Pinh luong cac hop chdt vé co

a) Pinh lugng mudi st (II) hay mudi sat (III) bang may chuan do thé hay bang chi thi mau sau
khi khtr trong moi truong acid phosphoric pha loang.

b) Pinh lrgng gidn tiép mudi chi hay mudi baryum
Trong moi truong acid acetic, cac ion nhu Pb?" va Ba?" tua hoan toan véi su hién dién cua mot
lugng thtra ion bicromat. Viéc dinh luong duoc thyc hién theo 2 k¥ thuét khac nhau:

e Hodc la sau khi tach tua, lugng thura ion bicromat dugc dinh luong bang phép do iod. (Mot
luong KI thtra dugc thém vao va iod phong thich dugc chuan dd bang thiosulfat natri).

e Hoac la thu lai tia, dem can va rira be‘ing acetat ammonium dé loai lugng bicromat thtra. Ké do
tua duoc hoa tan lai trong acid hydrocloric SN va cac ion bicromat gan véi chi hay baryum duoc
dinh luong bang dung dich chuan do muoi sat II.

3.4.3.2. Binh luong cac hop chat hitu co

Dinh luong con EtOH: con ethanol tinh khiét duoc oxy hod bdi bicromat trong méi trudng acid
thich hop dén khi tao thanh acid acetic:

CH, — CH,OH + O, — CH,COOH

Su oxy hod duogc thyuc hién theo 2 k¥ thuat khac nhau:

e Phuong phap NICLOUX: Oxy ho4 con trong mdi trudng sulfuric véi su hién dién cia luong

bicromat thua ¢ 45°C. Ké @6, luong thira bicromat dugc khir bang luong mudi sat (IT) thira roi chuan
d6 mudi sat (II) thira bang permanganat. Song song thure hién mot mau trang.

e Phuong phap CORDEBARD: Oxy hoa con trong moi truong nitric manh ¢ nhi¢t do lanh véi sy
hién dién cua lugng bicromat thira. Sau mot thoi gian phan tng do khoang 30 phut, sy oxy hoda sé&
hoan toan va lugng thira bicromat duge dinh lugng bang phép do iod véi su pha lodng kha 16n cua
dung dich. Song song thyc hién mot mau tring.

Phuong phép nay dugc dung dé dinh luong céc acid c¢6 chie alcol nhur 14 acid lactic.
3.5. Phép do ceri
3.5.1. Nguyén tic
Trong mdi truong acid, can bang oxy hod - khir duoc viét:
Ce*' + 14H" + le” — Ce**
duong luong=M, E, =-1,33V ¢ pH= 0.

et thay d6i theo ban chit cua acid dugc st dung dé

Thé chuan biéu kién ctia hé thong Ce
acid hoa méi trudng va nong do cia no.

Thé thap nhat duoc quan sat trong méi truong acid hydroclohydric va cao nhit trong méi truong
acid percloric.
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Trong moi truong nitric, gia tri cta thé giam nhe khi d6 chuan cua acid di tir IN dén 8N.

Nguoc lai, trong méi trudng percloric thé nay ting theo ndng do cia acid.

Céc thay d6i nay c6 dugc do sy tao thanh phire trong méi truong khao sat.

- That vay, trong moi truong sulfuric thi Ce*" hoan toan & dang phure tetrasulfatoacetic [Ce(SO,)
4JH,,. Két qud 1 khi tang ndng d¢ acid sulfuric it anh huéng dén thé oxy hod - khir vi khong tao phirc
khac voi1 phuc trude.

- Nguoc lai, trong moi truong percloric thi tao thanh phuc [Ce(OH)2]2+,[Ce(OH)]3+, [OH—Ce-
O—Ce—OH]4+, [Ce—O—Ce—OH]SJr ma nong do twong tng lién quan voi ndng do cua acid percloric.
Két qua 1a thé oxy hoa - khir gia ting theo ndng d acid tang.

- Trong moi trudng acid yéu hay trung tinh: Ce*' tua khi tao Ce(OH), va céc tinh chat oxy hoa

ctua chung bién mat.

Béng 8.4. Thé chuan biéu kién cta hé thong Ce**/Ce3*do dwoc trong cac acid khac nhau

. Thé chuén biéu kién (volt)
NoOng dd acid (N)
acid percloric acid nitric acid sulfuric | acid hydrocloric
1 1,70 1,61 1,44 1,28
2 1,71 1,62 1,44 -
4 1,75 1,61 1,43 -
6 1,82 - - -
8 1,87 1,56 1,42 )

3.5.2. Dung dich chuén sit dung trong phép do ceri

Céc dung dich mudi ceri thuong dugc st dung ctia cac muoi:

Ceri sulfat khan Ce(S0,),;

Ceri ammoni sulfat (NH,),Ce(SO,),.2H,0;

A4

Ceri ammoni nitrat (NH,),Ce(NO;),.

Thuong thuong, cac dung dich chuan do 0,1N duogc diéu ché trong méi truong sulfuric (1-3M)
hodc trong moéi truong percloric. Dung dich sulfuric cia mudi ceri ¢6 thé duge bao quan trong 1
nam. Cac dung dich percloric cia mudi ceri chi c6 thé gilt trong mot gio.

Cac dung dich dung chuan do lai dung dich ceri hay duoc sir dung: dung dich permanganat hay
bicromat, mudi sat 11, anhydric arsen.

3.5.3. Ung dung dinh liong bang phép do ceri

3.5.3.1. Pinh leong cdic hop chdt vé co: mudi sat (II), peroxyd, nitrit (nhu phép do
permanganat).

3.5.3.2. Dinh luvong cac hop chdt hitu co: céc acid & nhiét do nong hodc lanh (acid lactic, acid
pyruvic), alcol, aldehyd, polyalcol. Vi sy oxy hoé xdy ra thuong cham nén phai st dung phuong thirc
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chuan do ngugc nhu sau: cho mot lugng thira ion ceric vao dung dich can dinh lugng, sau mot
thoi gian phan tng thich hgp thi dinh lwong ion ceric thira bang mudi sat (I1).

TU KHOA
Phan tmg oxy hoa — khu Phép do permanganat Phép do nitrit
Hé théng oxy hoa - khir Phép do iod Phép do cromat
Thé dién cuc Karl — Fischer Thé oxy hoa — khu
Hé théng oxy hoa — khir Chuan d6 oxy hoa — khir Thé chuan
Phuong phéap oxy hoa —khtr Chuan d6 oxy ho4 - khir
Thé oxy hoa — khir Phép do permanganat
Thé oxy hoa — khir biéu kién Phép do iod
Hing s can bang Phép do nitrit

CAU HOI LUQNG GIA
1. Phan tng oxy hoé — khtr 1a gi? Su khac nhau gitra phan ing oxy hod — khtr va phan tng acid —
base?

2 "[hé oxy hod — khu? Thé biéu kién? Céac anh hudng cua pH, su tao phuc, sy tao tua dén thé
biéu kién?

3. Cach tinh thé & diém twong duong?
4. Phuong phap chuan do oxy hoa — khir?
5. Ung dung phuong phap chuin d6 oxy hoa — khir trong nganh Duoc?

CAU HOI TRAC NGHIEM

1. Phan tmg oxy hoa - khtr la phan tmg tuong img voi su trao dbi electron giita hai hop chat: mot
chat cho electron - goi 1a chét...A.... va mot chat nhan electron -goi 1a chat... B.....

a. (A) =khu va (B) = oxy hoa d. (A) = oxy hoa va (B) = khir
b. (A) = acid va (B) = base e. (A) =base va (B) = acid
c. (A) = acid lién hop va (B) = base lién hop

2. Chat khir va cht oxy hoé c6 thé 1a hai chat....(A).... [phn tng hod hoc] hodic 1a mot cht....
(B)... va mét....(C).... ma thé dugc chon thich hgp [phan img di¢n hod].

a. (A) = trung tinh; (B) = acid; (C) = base

b. (A) = hoa hoc; (B) = oxy hoé; (C) = khur

c. (A) = hoa hoc; (B) = hod hoc; (C) = di¢n cuc

d. (A) = ludng tinh; (B) = hoa hoc; (C) = dién cuc

e. (A) = hoa hoc; (B) = khu; (C) = di¢én cuc

3. Phan tng oxy hoa - khir 1a phan tng trao doi ....... tir chat tham gia nay sang chat tham gia kia.
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a. HY c. cation e. electron
b. OH" d. ion

4. Phan tng oxy hoa — khur tirc 1a qué trinh cho nhéan... (A)... thuong xay ra...(B)...va doi héi tdng
nhiét do, thém xuc tac.

a. (A) =electron va (B) = nhanh d. (A) = proton va (B) = nhanh
b. (A) = proton va (B) = cham e. (A)=1on va (B) = cham

c. (A) =electron va (B) = chdm

5. Néu dung dich dugc pha lodng day du thi.......... va nong do c6 thé duoc dung 13n 16n.
a. duong luong c. dung dich dém e. dung dich gbc
b. chat dién ly d. hoat d6

6. Theo quy udc, thé E o Cua hydro bang...... volt va thé ctia nhimg hé thong khac dugc xac dinh
theo ty I¢ cua thé cua dién cuc nay

a. 0,00 c.+ 1,00 e. khong cau nao dung.

b. 1,00 d. £10,0

7. Mot kim loai ¢6 thé cho nhiing ion twong Gng véi nhiéy hoa tri. Ion c6 di¢n tich duong 16n
nhat twong ing vo1 dang... (A)... Ion ¢6 dién tich duong nho nhat tuong ing voé1 dang... (B)

a.(A) = khtr va (B) = oxy hoa d. (A) =base va (B) = acid
b. (A) = oxy hoa va (B) = khu e. (A) = phan ly va (B) = khong phan ly
c. (A) =acid va (B) = base

8. Néu nhimg ndng do & dang oxy hoa va dang khir bang nhau, thé dugc giir trong dién cuc = E,
va E_ dugc goi 1a...(A)... ctia hé thong.

a. thé biéu kién c. thé chuan e. diém két thac

b. thé can bang d. diém twong duong

9. Thé biéu kién anh hudng boi:

a. pH c. su tao thanh két tua e. chi a va c dung

b. su tao phuc d. cd ba cau tra 101 trén

10. Thubc thir KF cht yéu gém thanh phan

a. MeOH c. CgHg N e. SO, + 1, +C.Hs N

b. SO, d. iod
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Chuong 9
PHUONG PHAP KET TUA

MUC TIEU

- Gidi thich dwoc biéu thirc tich s6 tan, do tan va y nghia ciia né trong phdn tich.

- Trinh bay duoc cac yeu 16 dnh huong dén dé tan chdt dién ly it tan va tinh dwoc dé tan cia
chat dé trong cdc diéu kién cu thé.

- Trinh bay dwoc hién twong hap phy khi chudn do theo phirong phép bac.

- Trinh bay dwoc nguyén tic, diéu kién tién hanh va iing dung ciia 3 phwong phdp: Mohr,
Fajans, Volhard.

- Néu dwoc g dung ciia phan g két tiia- hoa tan trong phan tich.
NOI DUNG
1.LY THUYET VE SU KET TUA
Phan tmg két tia 1a phan tng tao thanh chét ran tir céc,chét tan trong dung dich. Trong qua trinh
phan tich dinh tinh, dinh luong ta thuong phai st dung dén phan ung két tua dé tach riéng cac ion
phan tich khoi cac ion khac.
1.1. Tich s tan — y nghia trong phén tich

1.1.1. Biéu thirc tich soé tan

Khi hoa tan mot chat nao do trong nudc, thi hai qua trinh ngugc chiéu nhau sé xay ra cung mot
luc.

Khi dung dich cua chat nao d6 chua bdo hoa, thi qua trinh hoa tan nhiing lwong méi cua chit d6
s€ 16n hon qua trinh két tua n6 tir dung dich.

Thi duy: AR __hodtan = A+ F
Tha kit t1a Dung dich
4gCl  hodtan _ Agt+CE
Tha két tia Dung dich

Khi dung dich qua bao hoa, c6 hién tugng ngugc lai — qua trinh tach chét tan khoi dung dich 16n
hon qua trinh hoa tan no.

Khi dung dich bao hoa ¢ két tia chat tan lang xuong dudi, trang thai can bang dong duoc thiét
1ap. Trong trudng hop nay téc do hoa tan bang toc do két tua.

Khi can bang duoc thiét 1ap, trong 1 don vi thoi gian c6 bao nhiéu ion Ag” va CI™ chuyén thanh
két tia, cling c6 bay nhiéu ion d6 chuyén tir bé mat két ttia vao dung dich.

Theo dinh luat tac dung khdi lugng khi can bang duoc thiét 1ap, trong dung dich nuéc bio hoa ta

file://C:\Windows\Temp\kwcijklckga\hoa phan tich.htm 04/01/2013



Bo Y te - Hoa phan tich Page 163 of 225

[4g"]x[CI7]

Trong cac hé déng thé, sy va cham gilita cac phﬁn tor co ban xay ra trong toan bg vat thé cta chat.
Trong cac hé di thé, sy va cham gifta cic phan tir co ban cua chit tan va chat ran chi xay ra trén bé
mdt phén chia cac tuéng va khong phu thude vao luong cua chat ran, néng d6 cua nd khong do6i va
khong anh hudng dén tdc do ctia phan tng. Do d6 co thé viét:

[Ag" ] x [CI']=K, .~ % [AgCl] = hing sb
AgCl

Tich sb nong d6 cac ion cua chit dién ly it tan trong dung dich nudc bao hoa goi 1a tich s6 tan va
duogc ky hiéu bang chit T cing vdi cong thirc hod hoc cua chat dién ly do.

Thi du: [Ag" ]x [Cl" ] = AgCl
[A™ "< [B™ " =T, p = Hingsb

Bunghon Ty 5 = [4 ™™ <[B™ 1", Ty, B, = ajms ¥ 25n-

a?m . Bm‘ ‘hoat d3 cia lon A™, B

Y nghia trong phan tich

Theo dinh luat tac dung khéirluqn’g khi thiét 1ap can bang trong dung dich nudc bao hoa cua chét
dién ly it tan ¢ nhiét do va ap suat nhat dinh, tich s6 nong d6 ion (T) la dai luong khong doi va duge
biéu dién bang cong thurc chung:

T s gy, = hang s6 (const) = [A]™ x [B "
hé s6 m, n chi s ion twong tng tao thanh khi phan ly 1 phén tir.

- Néu tich s6 [A]™ x [B]"> T, thi hop chét it tan tach ra & dang két tiia (mudn c6 két tiia).
- Néu tich s6 [A]™ x [B ]" < T ., két tiia khong tach ra ma bi hoa tan (mudn két tia tan dugc).

Quy luét nay la co so 1y thuyét quan trong lam co so cua ly th}lyét tao thanh két tia. N6 ¢ ¥
nghia trong phan tich la biét T cta 1 chat ta c6 thé suy ra diéu kién dé c6 két tua hay hoa tan tua.

Thém bét ky ion tao thanh hop chat A_B_ déu lam giam do tan, thém cac chat dién ly khac
khong c6 ion chung v6i hop chit A_B, 1am ting do tan.

1.2. B9 tan (S)

1.2.1. D¢ tan trong nwéc nguyén chit

bé dic trung cho tinh tan cua két tua, ngoai T, nguoi ta con dung do tan S. Do tan S va T lién
quan mat thi€t voi nhau, bi€t T ¢6 thé tinh dugc dg tan va ngugc lai. BJ tan tinh theo mol/l, g/l1.

- B6i vé6i chat dién ly it tan dang AB (cung hod tri), thi du AgCl, BaSO 4

ABSAT+B
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Thi dy: Tinh d0 tan cia BaSO,, biét Tgg, = 9.9 %107

SRaSOy = of 1BaSOy = §9.9%107 ! & 107 (mol /1)

- Déi véi chat dién ly it tan dang A_B_ (khong cung hod tri), thi du Ag,CrO,

n+ m—
A B SmA™ +nB

Thi dy: Tinh d¢ tan cua Cay(PO,), ¢ 20 — 25°C trong nuéc nguyén chat, biét

33
Tca3(P04:]2 = 3,16 X]. I:I

Caz(POghy 5 3Ca2t + 2POY

—a3 -33
g9+ (L6107 6B 18X10 7 4 oy 077 (ols 1y
3% x 32 108

Tinh d9 tan cia Ag,CrO,, biét Thzcag =2 %1071

AgyCrOg 5 2487 + Crog®

—12 -18
go1+2 (4x10 7 313x10 7 26107 (mal /1)
11y 2% 4

1.2.2. D¢ tan chit dién ly trong nwéc khi ké t6i hé sé hoat dp
Déi voi chét dién ly dang AB

Tap = 8,0 xag =| A" |f. x| B |f, = 8% xf

Thi dy: Tinh d¢ tan cta SrCrO, bang g/l ¢ 25°C (tinh t6i hé s hoat d9).
Bitt Tgyeio, = 36%107,£5 = 0,57

Soicey = of Torceo, = A 3:6x107 = 6107 (mol /1)

Déira: 6.1073 x 203,61 = 1,22 (g/1)
Khi ké t6i hé sb hoat d6

Ssicaop = D—;xqfirﬁxm_s = 1,05% 1072 (M /1)

Déi ra: 1,05.102.203,61 = 2,14 (g/l)
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1.2.3. D¢ tan cuia hydroxyd kim logi trong nwéc
Céch tinh theo phuong phéap hé thong.
Pé xé4c dinh d6 tan ciia hydroxyd kim loai, ta xét hai cin bang ciia phuong trinh.

Thi dy, d6i v6i hydroxyd kim loai hod tri 2 (M%"):

M(OH), (rén) 5 M?* + 20H"
2H,0 S H,0" + OH"
Heé thng nay c6 thé viét:
M2 [OH12=T 9.1)
[H:0%] [CH]= Egyq 9.2)

Phu hop véi diéu kién cta can bang trung hoa dién tich:
2[ M?"]+ [ H,0"]=[ OH] (9.3)
Néu nhu hydroxyd du tan, néng do ion H3OJr s€ nhé va phuong trinh dugc rat gon:
2[ M2"]=[OH]
Thay vao phuong trinh (9.1) va sau khi bién d6i sé la:
[M2]=(T/4)13 =8 94)

Mit khac, khi d¢ tan cia M(OH), qu4 thip, dai luong 2[ M?*] tré nén nho hon [ H;0™] va
phuong trinh (9.3) luc do6 la:

[H,0"]=[OH ] = 1,00. 10
Thé tré lai vao phuong trinh (9.1) va chuyén déi cac thanh phan cta phuong trinh:
[M2"]=T/[OH]%2=T/(1,00.10% =5 9.5)
Thi dy: Tinh d¢ tan cua Fe(OH), trong nudc:
Buéc 1: Viét cic phuong trinh phan tng c6 trong hé.
Fe(OH); 4, S Fe’ "+ 30H"
2H,0 5 H,0" +OH"
Buéc 2: Xac dinh cac ndong d6 cin bang 1a an s6
S =[ Fe3]
Buéc 3: Viét cac hing sb can bang cho phan tmg & budc 1
[F [OH]3=T=2.102
[ H;0™][ OH™]=1,00. 101
Budérc 4 va 5: Viét phuong trinh bao toan khdi lwong va phuong trinh can bang dién tich

[ OH] =3[ Fe¥*]+[ H;07]
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Buéc 6: Xac dinh an sd va s phuong trinh doc 1ap da co
Buéc 7: Tim cach giam an s dé dua hé vé mot phuong trinh don gian
3[Fe>']~[OH]
Buéc 8: Giai phuong trinh ¢ budc 7 tim ra ndng do can bang ctia mot an sb
[ F3T1 B[ Fe’1])? =2.10%
[Fe3=[(2.103%/27] 4=9,27.10°!1
S =[ Fe3"1=9,27.10"!1 (mol/1)
Buéc 9: Kiém tra lai dap sb da tim, kiém tra cac gia thuyét ¢ budc 7.

Gia thiét ring: [ OH ]~ 3[ Fe3']=3 x (9,27.10°11) =3.10710

 am 1,00.107H _
Tir diycé:  [Hi01) = [W} =3.107

Khong nén tinh ring [ H;0"] nho hon 3 Fe3*] nhidu ma trong truomg hop nay ta theo ddi hién
tuong nguoc lai: 3[ Fe3+] <[ H3O+] [ H3O+] =[OH]

Va phuong trinh trung hoa dién tich dugc viét nhu sau:

[ H;0"]=[ OH] = 1,00. 107

53,1077

-14

Dt [OH-] wao bifu thitc tich 55 tan cé: [Fea’f] -

3[ Fe3*l << [ OH ] hodc 3 x 2. 10718 << 10717
S =2.10"18 (mol/1)
Gia thuyét 3[ Fe’™] << [ H;0™] 1a dung. Diéu nay khang dinh thém rang trong cach tinh dau khi
gia thiét khong ding da co sai sd 16m.
Céc thi dy trén chirng minh rang dd tan cua cac hydroxyd kim loai dugc tinh twong tw nhu dé tan
cua cac hop chat mang tinh kiém yeu cac tinh toan nay c6 thé khang dinh dé chon 1 trong 2 két qua
gan dung. Nhu vay ton tai khoang gia tri tich sd tan nén khong 1y mot két qua ngay tr cac gia tri

gan ding ma tiép tuc giai theo cac phuong trinh (9.1), (9.2), (9.3) tuwong tmg véi ca ba trudng hop
thay doi.

1.3. Cac yéu t6 anh hwéng dén do tan chat dién ly it tan
1.3.1. Anh hwéng ciia ion cing tén lén dé tan ciia chit dién ly it tan

Khi thém du thudc thir két tia, do tan cua két tia giam xuéng va phu thudc vao luong du cta ion
thém vao dong dang v&1 mdt trong cac ion tao thanh két tua.

Thi du:
- Tinh d6 tan ctua AgCl trong dung dich NaCl 0,1M. Biét TAgCl =1,7.10710
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[a* |x[B]=Tup = L7x207°

§-[A*]=ZAB
[E]
[a+] L7x107%0 a
sﬁgm_[g} S = 1Tx107° (mol 1)

Trong nudc nguyén chit
Sagar = YL Tx 10710 = 1,3 1075 (mol / 1
1,3x107°

D¢ tan AgCl trong dung dich NaCl 0,1M so v&i do tan trong nude giam di ’—g = 7647 lan.
1,7 x10°

Nhu vay, thém ion cung tén gdy anh hudng lon dén do tan cta chat dién ly it tan va c6 kha ning
1am cho su két tia tudng ran hoan toan hon.

1.3.2. Anh hwéng ciia ion lg (ion khéong cing tén) lén dé tan ciia chit di¢n ly it tan (higu trng
muoi)

Néu cho vao dung dich bdo hoa ctia mot chat dién ly it tan bat ky mot mudi ndo d6 khong co ion
chung véi no thi luc twong tac gitta cac ion ting 1én, do d6 hé s6 hoat d6 giam xubng dan dén T cia
chat it tan ting lén so v&i dai luong T cua chat dién ly nay trong nudc tinh khiét. Sy ting T cua chét
dién ly trong dung dich mudi bdo hoa ion la gy ra sy ting do tan cta chat dién ly.

Tang do tan ctia chét dién ly it tan khi c6 cac mudi tan khac (hiéu tmg mubdi) duoc giy ra do su
gidm h¢ s6 hoat do gan lién voi su tang lyc ion cua dung dich vi thém cac chat dién ly la vao.

Noi cach khac, khong phai chi ¢6 cac chat dién ly c6 ion chung maéi anh hudng dén do tan cua
mudi it tan. D9 tan cua mot s6 mudi it tan tang 1€n khi c6 cac muoi tan khac khong c6 ion chung véi
chung Nong do mubi khong c6 ion chung véi chat dién ly it tan dugc thém vao cang 16n thi do tan
ctia n6 ting l1én cang nhiéu, vi stre ion cua dung dich tang 1€n, do dua cac ion khac vao, hi¢n tugng
nay dugc goi la hiu tmg mudi. Sy thém céc chat dién ly khac nhau gy anh huong khac nhau dén do
tan cua chat dién ly it tan vi lyc ion ctia dung dich khong nhitng phu thudc vao nong d6 ma con vio
d0 16n dién tich cua cac ion.

Thi du: @0 tan ciia PbSO 4 tang lén khi ¢co NaNO3, do tan cua BaSO 45 SrSO 4 CaSO 4 tang lén khi
thém KCl, NaNO3, KNO3 v.v... vao dung dich.

Tinh d¢ tan cua CaSO, trong nudc va trong dung dich NaCl 0,1M, biét Teaso, = 6,26.107

D¢ tan trong nudc:

Scas0s= 6 26x107° = 7,0x107% (mol/)

Do tan trong dung dich NaCl 0,1M (I1=0,1; f2 =0,33)

Scasos = L Je26x107 - 34,107

0,53
Do d6 d¢ tan ctia CaSO, trong dung dich NaCl 0,1M tang 1én so v6i d9 tan trong nude gan 3 lan
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34107

£ 0
7.8 %1073

1.3.3. Anh hwéng ciia nong dg ion hydro dén dé tan ciia hop chit it tan

Do tan cua két tiia c6 ¥ nghia quan trong trong phan tich dinh lugng, no phu thudc vao nong do
ion hydro trong dung dich. C6 hai trudng hop chu yéu 14 anion cua két tia 13 anion ctia mot acid yéu
va cac hydroxyd cua cation kim loai.

1.3.3.1. pH moi truong la acid

Ton hydro c6 anh huong 16n dén d6 tan cua cac chat khic nhau. Trong méi trudng acid, do tan
ctia chit it tan cang 16n néu T cta nd cang 16n va [H'] cang 16n.

Thidy: sosanh Ty, = 1,7 % 107
— -8

Tacq0, = 3,6 %10
— -9

Teaca0, = 3.8 x 10

Thara0s ~ Tsicaoy = Trarqn, do dO trong moi truong acid, BaC,0, tan t6t hon, SrC,0, tan kém
hon, CaC,0, tan kém hon ca. D tan cia cac mudi nay trong acid HCI 16n hon trong CH,COOH

(phan mg tim Ca**: CaC,0,/ CH;COOH { tring khong tan).
Do tan ctia chat dién ly da cho trong nude cang 16n va acid tao thanh mudi d6 cang yéu thi 6 tan

ctia chét dién ly d6 trong acid cang 16n (hing s6 phan ly cta acid c6 tham gia vao thanh phan mubi
da cho cang nho).

Thi dy: trong CH;COOH, CaC,0, khong tan (T = 3,8.107, K o ene 5,9.10%) con CaCO; (T
_ -8. — -7
=17.10% Ky, =4,13.107) tan.

1.3.3.2. D6 tan ciia két tiia khi anion la anion ciia acid yéu

Mubi acid véu it tan AR (52, POT, C,0% , F, CO&7)
- Trong dung dich nudce
AB 5 AT+B
Két tha Dung dich

Néu thém acid manh vao dung dich nay thi anion B~ sé& lién két v6i H™ tao thanh acid yéu HB.
Khi d6 can bang s& bi pha hity va két tia s& bi tan vi [AT]x [BT]=T AB- Mbi mot anion B~ ¢ trong

dung dich va lién két thanh phan tir HB twong g véi cation A, do dé:
[A"] = [HB] + [B]

Thay gi4 trj [A"] tir phuong trinh biéu dién T, ta dugc:

TAB _ (gR14 (B
B [HE]+[E"]
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+ -
Tir dinh luat tac dung khéi lrong rét ra [HE] = Lo 1X[B ]
Eug
+
DO%T&B=ETE[H]+1
KHB
Nén [B7]= | AB

&)
L Kug
+7_ Tap [H']
5 =|AT =222 T
= AR |: [B_] J AR K[KHB + 1]

O day [H'] = Cyp — [HB] nghta la ndng d6 ion H* bang hiéu sb gitra ndng d6 chung cua acid va

phan khong phan ly cta né.
Trong truong hop riéng, khi [H] = K5

SﬂB=*|'2TﬂB =1,41 AF

Y nghia ciia phwong trinh

Do tan ctia mudi acid yéu it tan (trong d6 ké ca hydroxit va mudi base) trong dung dich nudc cta
acid manh ¢ t° va ap suét cho truge tang én so voi do tan cia nd trong nude tinh‘khié'tr. Hon nira d6
tan nay cang tang khi T cua chat dién ly it tan, ndng d¢ ion hydro cang cao va hang s6 phan ly cia
acid yéu tao thanh mudi nay cang nho.

- Khi tinh d6 tan ctia mudi it tan trong acid ké t6i hé s6 hoat d6 ngudi ta dung cong thirc:

H" .2
SﬂB = |:A+:|= fliTﬂB x[[KHE Kf1]+ 1:|

Thi dy: Tinh d¢ tan cia CaC,0, trong dung dich ¢6 pH = 4. Biét T cua

CaC,0, = 1,8 x 107 H,C,0, c6 K, = 6,5 x 102 va K, = 6 x 107.

Phuong trinh cta phan tng:

CaCyOy S Cat? + C0f
C 04 +H* 5 HC,O; (Ko
HC, Oy +HY 5 HoCa04 (Eq
+
Ta tinh: + 1 trude
Kug

O daypH=4 = [H']=10"*

Thay vao phuong trinh ta c6:
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+ + +,2 —d -8
[H]+1= I_I—+[H:| +1|= 10 —= + _El[:l _2+1=
Kyg Ko KoK, Bx107°  Ex107°x6,5x10

= 1,66+ 0,002+1= 3,66

SC&C;O4 = '\’1:-8 = 10_9- Er 66 = 6,84-10_5 (molfl)
D¢ tan tdng nhung khong dang ké so vé6i do tan trong nudc nguyén chit

§- JL8x107 =4 251075 (mol /1)

Khi [H"] = 0,1 M thi két tia CaC,0,, s& tan kha nhiéu. That vay, luc dé:

+ 2
1280 Y —+ ;:D’l} 2+1=1,r‘;.‘:<1|:313+2,5;:1[:13+1=4,1><1|:313
Kyp Bx107" Bx107° x6,5x107

§=4/L,8x107° x4,1x10% = 2,7 %102 (mol/ 1)

27x107

So véi d tan trong nudc nguyén chat, do tan ting= —— " _ = £3 lan.
' ¢ = 5T 425x107

1.3.4. Anh hwéng ciia sw tao phirc

Do tan cia tha c6 thé thay doi khi c6 mat cac chat tao thanh phirc v6i anion hay cation cua tua.
Nhu vay su tao phurc anh hudng dén dg tan cta tua. Néu nhu biét hang s6 bén cua phuc co thé tinh

duoc dg tan cua tua khi co6 tadc nhan tao phuec.

1.3.4.1. Chdt tao phirc la chat la

Thi du: Tinh d tan ciia AgBr trong dung dich NH; 0,1M:

Budre 1: Viét phuong trinh can bang
AgBr(rém) S Ag +Br-
Ag"+NH, S AgNHZ
AgNHZ +NH; 5 Ag(NHj):
NH, + H,0 S NHj+OH

Buéc 2: Xac dinh cac ndong d6 cin bang 1a an s6

Sagpr=[Ag"=[Bro]=[ Ag*]+ [ AgNHI ]+ [ Ag(MH)T ]

Buéc 3: Thay cac hing sb can bang

[Ag][Br]=T=5,2.1013 (9.6)
AgNH?
Q= K, = 2.10° (9.7)
[ﬁgq[NHa]
04/01/2013
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[AE[NHS )ﬂ - K, = 6,8.10° (9.8)
[aNE|[Ne] |
[NH[j‘;PE;H_} =K, =1"76.10""° 9.9)

Buéc 4: Viét phuong trinh can bang dién tich

[Br]=[Ag™]+[ AgNHZ ]+ [ Ag(lH;)7 ] (9.10)
Buéc 5: Thay ndng do NH; =0,IM, co thé viét:

0,10 =[ NH; ]=[ AgNH7 ]+ [ Ag(NH4)3 ]+ [NH{] (9.11)

Ngoai ra, trong tac dung ciia amoniac v&i nudc trén méi mot ion NH} s& duge tao mot ion OH™,
nhu vay:

[OH]=[ NH]] 9.12)
Budérc 6: Can bang dién tich
[ NEI]1+[Ag ]+ [AgNHZ]+[ Ag(MH;3)3]=[Br ]+ [OH] (©.13)
Buwéc 7: Loai b6t an sd; gia thiét:
- [ 17E}] nho hon nhiéu cic s6 hang khéc trong phuong trinh (9.11). Diéu nay thay & tir phwong
trinh phan ly K.
- Trong dung dich NH, 0,1M ndng d¢ 16n hon nhiéu [ Ag "] nén [ Ag(MH;)3 ] »= [ AgNH 1]
va [ Ag ] .Tir cac gia thiét trén co:
[Br]=[ Ag(NH4)3] (9.14)
[NH; 120,10 - 2[ Ag(ITH:)3] (9.15)

Budc 8: Tim cac gia tri gan diing ctia an so

[NH,]1=0,10-2[ Br] (9.16)
Ag(NH. W

[ = 33‘2] - K; Ky = 1,38.107 9.17)

ESH G

[Er~]

=1.38.107
[Ag*](0,1- 2)[Br ]2 B8

Dit vao phuong trinh cudi (9.16) va (9.14) co:

Thay [ Ag™] tir phuong trinh (9.6)
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[Er_] -1,38.107
(5,2.10‘13){31:} (0,1 - E[Br_Dg
hay la
_2
[ ] -7,2.107

(a, 1- E[Br‘})g i
Giai phuong trinh bac hai
[Br]2+2,88. 10°Br]-7,2.100=0
Tt day co:
[ Br]=2,7.10"* (mol/)
S =2,7.10"* AgBr (mol/l)

Budéc 9: Kiém tra lai thdy rang cac gia thuyét trén 1a ding. So véi do tan trong nudc nguyén
chat, ¢ tan tang 375 lan.

1.3.4.2. Chdt tao phirc la ion ciing tén
Nhiéu tiia c6 thé tic dung véi nhitng ion c6 kha ning tao phirc tan.

Thi du: AgCl tao phtre clorid c6 thanh phan 4gCl3, 4gCl12™ va AgllT
Agh + CI

it

AgCl (ran)
Ag"+CI™ 5 AgCl

AgCl+CIT 5 AgCl]
AgClZ +CI0 5 Agliim

AgClE +C 5 AgQIT

Khi ndéng do céc ion cing tén ting trong nhirng phan ng nay lam tang d¢ tan cua tua. Trén hinh
9.1 khdo sat su phu thudc do tan tim thay qua thuc nghiém ciia AgCl theo logarit nong do KCI trong

dung dich. Khi nong d6 CI~ nho hon 10 M gia tri do tan tim thdy qua thyc nghiém hau nhu khong
khéc so voi tinh todn theo tich so tan cua AgCl.

Khi ndng d6 CI™ ting cao, do tan tinh duoc tién t6i gan bang 0, trong lac nay cac dai luong do
duoc tang lén dot ngot.

Khi noéng d6 KCI gan bang 0,3M, d9 tan cua AgCl gidng nhu ¢ trong nudc nguyén chét, néu
trong dung dich 1M, d6 tan AgCl gan nhu gap 8 lan 16n hon dai luong nay.
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D& tan AgTl M 1G°

Hinh 9.1. D6 tan cua AgCl trong dung dich KCI
1. BPwong cong tinh theo tich so tan; 2. Buwdng cong qua thyc nghiém nhan duoc.

Khong it truong hop su tang d6 tan khi cho Iugng thira ion cung tén, dac biét la truong hgp cac
hydroxyd ludng tinh nhu Al(OH); va Zn(OH),. Cac chat nay dugc tao thanh ¢ dang tua it tan khi

cho kiém tac dung véi cac ion tan trong dung dich. Céc hydroxyd nay tan trong lugng thura ion OH™
tao thanh phirc hydroxo — nhom - kém. Pdi v6i nhém phuong trinh ¢6 thé viét nhu sau:

APT + 30H S AIOH); ¢
AlOH); ;. + OH S  AIOH),

Gidng nhu truong hop cia AgCl, do tan cua AI(OH); va Zn(OH), sau khi dat t0i thicu, s& ting

dot ngot khi nér}g dd cua ion cung tén tang. Nong d6 ion OH™ twrong quan v6i do tan t6i thiéu, c6 thé
tinh toan khi bi€t hang so can bang cua phan ung.

Thi dy: V6i nong do nao cia OH™ thi do tan cia Zn(OH), dat t0i thiéu? Hay tinh do tan t6i
thiéu?

Phuong trinh cén bang;

Zn(OH), 5 Zn*" +20H"

Zn(OH), ¢ +20H 5 Zn(OH)§
Biéu thj d6 tan cia Zn(OH), la S, khi dé:
S = [Zn?M] + [ Zn(OID] (9.18)

Hang s6 can bang:

T=[zn?*"1[OH ?=1,2. 107 (9.19)
[Zn[@[—l)i_]
[or ]

Thay phuong trinh (9.19) va (9.20) vao phuong trinh (9.18)

K= =0,13 (9.20)

(9.21)

file://C:\Windows\Temp\kwcijklckga\hoa phan tich.htm 04/01/2013



Bo Y te - Hoa phan tich Page 174 of 225

g T -+ K[@H‘]2

Dé ¢ d6 tan t6i thiéu, ta 1ay vi phan phuong trinh (9.21) va can bang dao ham theo [OH ] tién

£6i 0
ds ° 3T _
W - - m + zK[oH ]
Z ds B
Néu d[DI—I_] =10
Thi LS - EK[DH':I

o=

1 1
= -17%
[QH-:|= T L8100 "% _ 9,8 .107
K 0,13

Do tan tdi thicu S tinh duoc khi thay nong do OH™ vao phuong trinh (9.21)

L 0,13(9,8.10)" - 2,5.10°
(9,8 .10-5)
a2 aT

a[or] T [DH_]E + 2K[ OH” |

1.3.5. Anh hwéng ciia nhiét dp dén dé tan

Tich s6 tan chi 1a hing s6 & mot nhiét d nhat dinh. Nhiét d¢ thay ddi thi d¢ tan ciing thay doi.
Su thay doi cuia do tan theo nhiét do co lién quan to1 hi€u tng nhiét khi hoa tan.

Ddi v6i chat thu nhiét, khi hoa tan, tirc 1a nhiét do giam khi tan, thi do tan s€ tang cung véi nhiét
do.

Vi dy: Pbl, tan rat nhiéu khi dun néng, khi 1am ngudi dung dich méi dun néng thi Pbl, két tinh
lai, vay nho vang sang rat dic trung.

Do tan AgCl & 100°C 16n gip 25 lan do tan ctia nd & 10°C.
Déi voi chat toa nhiét khi hoa tan thi d6 tan s& giam khi nhiét do ting.

Vi du: CaS0O,.2H,0 c6 o tan thay doi rét it khi nhiét do bién thién 0°C — 60°C. O 60°C phan tir
CaS0O,.2H,0 mat bot nuéc két tinh thanh CaSO 4-0,5H,0, CaSO, c6 dd tan giam rd rét khi tang
nhiét d6. P9 tan ciia nd & 60°C 16n gap 3 lan do tan & 100°C.

1.4. Ung dung trong phén tich

Can bang két tia hoa tan dugc Gng dung nhiéu trong phan tich dinh tinh va dinh luong.
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1.4.1. Hoa tan két tiia

Chat két tia A_ B trong dung dich: J A B, 5 mA+nB

Pé hoa tan ké"t tha ndy can giam péng d6 ctia A hodc B hoic ca hai ion dé can bang chuyén dich
sang phai. C6 nhi€u cach lam gidm nong do A hodc B:

- Dung phan tmg hod hoc tao chét it phan ly hoic chét bay hoi.

- Néu két tua c6 tich sb tan qua nho co thé dung phan Gng oxy hoa - khir dé lam giam nhiéu nong
do ion A hoac B.

- C6 thé hoa tan bang cach chuyén tiia khé tan thanh tua d& tan. Vi du chuyén tia CaSO, thanh
CaCO,.

1.4.2. Két tiia hoan todn
_ Muon két tia hoan toan mét chat tir dung dich cac két tia tach ra phai c6 do tan di nhé. Vi vy,
can phai tao moi dicu kién dé giam do tan cua ket tia nhu:

- Cho thudc thir du dé 1am giam d6 tan nhung luu ¥ khong cho du qué nhiéu va xem cé su tao
phtrc véi ion cung tén khong.

- Chon pH thich hop.

- Tranh cac phan tng phu cua ion két tiia trong dung dich (phan tmg tao phirc, phan tmg oxy hoa,
).

1.4.3. Két tiia phén doan

Trong dung dich néu c6 nhiéu chat (nong do gan bang nhau) cing tao két tia khi ta thém dan
mot thude thir vao. Chéat nao ¢ T nho sé& két tua trude, chat cd T 16n hon sé két tua sau. Do 13 hién
tugng két tia phan doan.

Thi dy: Trong dung dich ¢6 ion C1” va I” voi ndng do ~ 102 mol/I. Thém dén dung dich AgNO,
vao. Vi TAgI = 1010 nhé hon TAgCl =1,8 x 10'10, nén tich sd ion AgJr val vuot TAgI nén ta cb tia

Agl trude. Khi két tia Agl tiép tuc tao thanh
thi [T7] s& gidm dan, con [Ag'] tang dan va tia AgCl bat dau xuét hién luc [Ag"][CIT]> T, oCl

Vay dung dich bio hoa chua c6 tia AgCl khi [Ag'] = TAgCl/[Cl_] =1,8x 1078,
O thoi diém d6 nong do [I7] trong dung dich:
(7] =Ty /[AgT=1x 10° 16/1,8 x 108 =10,55x 1078
Nhu vay, cho AgNO; vao dung dich nay két tia duoc hoan toan I” duéi dang Agl, ion CI™ van

con hoa tan. DA tach duoc ion I khoi hon hop.

Nguyén tic két tia phan doan 1a dung mot lugng thude thir thich hop dé vira du két tua ion c6 T
nho hon nhung chua du dé két tua ion c¢6 T 16n hon. Trong thuc hanh phén tich, & mot sé trudong hop
tach cac ion dudi dang két tiia, ngoai yéu t6 khac nhau vé do tan du 16n, ngudi ta con van dung thém
cac yéu t6 khac nhu pH, su tao phirc... dé qua trinh tach duoc hoan toan.

2. PINH LUQNG BANG PHUONG PHAP KET TUA
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2.1. Nguyén tic chung

La phuong phap dinh lugng dya trén viée dung phan tng két tua (tao thanh hop chat it tan) giira
thudc thir va chat can dinh lugng.

Phuong phéap két tia cho phép ta dinh luwong cic anion nhu Cl-, Br, CN-, SCN, 805,
CrC'E_ , PDE‘ v.v... va nguoc lai dinh lugng céc cation tao thanh tua véi cac anion trén.

Thi du: Ag™ + ClI” — AgCI .
2.2. Phan loai

Nguoi ta phan loai phuong phap két tia nhu sau

- Phwong phdp bac: dua trén viéc dung dung dich chuan 1a AgNOj;, dya trén kha nang tao thanh
mudi bac.

- Phuong phdp thuy ngdn I: dya trén viéc dung dung dich chuan mudi thuy ngan (I), tao thanh
hop chat thuy ngan I khong tan nhu Hg,Cl,, Hg,Br, Hg,l, .

- Phuong phap thuy ngan I1: dya trén viéc dung dung dich chuan mubi thuy ngan (II) tao thanh
hop chat thuy ngan IT kém phén ly: HgCl,, Hg(CN),, Hg(SCN),...

Tuy nhién cac phuong phap thuy ngan (I), (IT) c¢6 nhugc diém 1a mubi thuy ngan rat doc nén it sir
dung.

2.3. Yéu cdu d6i véi phan wng trong phwong phap két tia

Khong phai tat ca cac phan tng két tua déu ¢ thé dung dé xac dinh dinh luong. Céc yéu clu co
ban doi véi cac phan ing dugc dung trong phuong phép két taa la:

- Phéan tng giita chit can x4c dinh (A) va dung dich chuan cua thudc thir B can phai xay ra véi

diéu kién tao thanh két tia c6 do tan & i By t6i thiéu, va trong moi trudng hop khong duoc vuot qua
d tan cho phép 10~ mol/l. Phirc tao thanh phai c6 hang s6 khong bén nhé nhat, hang sb nay biéu thi
murc d§ bén cua phure.

- Vi thém céc chat dién ly khong c6 ion chung ddi véi két tia A_B, 1am tang do tan cua né nén
phan ang cﬁp ti‘é'n hanh & diéu kién khi chat la c6 mat trong dung dich phén tich khong can tré sy
chuan dg chat can xac dinh, phan ung két tua két thuc nhanh va thyuc té€ dén tan cung.

2.4. Phwong phap bac
2.4.1. Pic diém ciia phwong phdp
Phan tich chuan d¢ dua trén viéc dung chat két tia la dung dich chuan Ag" (AgNO,).
Ag'+ An~ — AgAnd
Phuong phap bac dung chu yéu dé xac dinh ion halogenid va Ag".
2.4.2. Pwong biéu dién dinh lwong

Thi du: dinh lugng dung dich NaCl 0,1 N bang AgNO; 0,IN.
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Trudce khi thém AgNO; vao dung dich NaCl 0,1N phan ly hoan toan thanh ion, noéng do cta CI°

trong dung dich bang nong d6 chung cta NaCl.
[CI] = C (ndng do NaCl) 0,IN = 107!
pCl = -Ig[Cl ] =-lgl0! =1
pK, =-I1gK
pH =-Ig[H"]
pCl: chi s6 ndng do gidng nhur chi sb phan ly acid.
- Khi thém 90% AgNO; 0,1N thi con 10% CI™ khong két tia

[Gl_:|=%x[],l _ 102
pCl= 2

|:;‘.'-"L +:| _ Tﬂgﬂl _ 1:'7 = 10_10
[C17] 1072

- 1,7.107°
- Khi thém 99% AgNO; 0,1N tuong tu nhu vay ta co:

[CI']=10"3, [Cl7]= 1 x0,1=10"%
100
pCl = 3
- Khi thém 99,9% AgNO; tuong tu nhu vay ta co:

0,1
Cl ]=107%, [C17]=—2=
[C17] [C17] T

0,1=10"¢%
pCl=4

Vi [AgT1[CIT] = Tagey = 1,7.107%
pAg+ pCl=10-1gl,7=977

pAg=5"TT7

Bang 9.1. Chuan dd 100 ml dung dich NaCl 0,1N bang dung dich AgNO, 0,1

(khéng ké sw pha loang)

Dung dich
AgNO, thém NaCl con lai (%) [CI'] pCl [Ag*] pAg
vao (%)

0 100 107" 1

50 50 5.102 1.3 3,4.10°8 8,47

90 10 1072 2 1,7.10°% 7,77

99 1 10’3 3 1,7.107 6,77

99,9 0,1 4 5,77
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104 1,7.10°

100" 0 1,303. 10°° 4,885 | 1,303.10° 4,885
0,1

1001 1,7.10° 577 | 10* 4
AgNO,(dw)
1

101 1,7.107 6,77 10’3 3
AgNO,(dw)
10

110 1,7.10°8 7,77 1072 2
AgNO,(dw)

* Diém twong duwong

» Khi thém 100% AgNO; 0,IN, ¢ diém twong duong ta c6 dung dich bio hoa AgCl, [Cl] =
[Ag'], do do:
[CIT=[Ag" 1= 1,7.10710 = 1,3.10°%
pCl =pAg =5-1g1,3= 4,885
» Khi cho thtra 0,1% AgNO3 0,IN
[Ag" 1= 10"
pAg=4, [CI']=1,7. 10 (mol/l), pCl = 5,77

[qu - %x 0,1=10"%

- Khi thura 1% AgNO; 0,1N

[Agt]=10 = pAg=3[CI]=1,7. 1077 = pCl = 6,77
Puong biéu dién

Puging tuong dugng

ot
1l NaCl
%' Bi&m tudng & ugng
. $
_ &l /1 L
o 2 feaeas AghO
2 g: Euéc nhdy ’
9 L
10f
11t
12t
13t
14 L.
ap 100 110

Thé& tich dung dich AgMND4

Hinh 9.2. Puwéong cong chuan do dung dich NaCl 0,1N bang dung dich AgCl 0,1N
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Nhén xét

Puong biéu dién c¢6 dang chung gidng cic duong biéu dién dinh luong khac, gan diém tuong
duong c6 budc nhay pCl = 4-5,77, pAg = 5,77-4.

Tri sb bude nhdy phu thudc VZ‘lO’ néqg do dung dich can chqén d(f) va dung dich chuén. Néng do
cang l6n thi bude nhay cang dai (Néu nong do IN bude nhay bat dau pCl = 3 va két thiuc pCl =6,77
dai hon budc nhdy ¢ nong do 0,1N).

Budc nhay con phu thudc vao tich so tan cua tia. Tich s6 tan cang nho budc nhdy cang dai va

nguoc lai. Trong phuong phép két tiia ding nhitng phan g két tia T < 10°10,

Céch chon chi thi mau twong tu cac phuong phap trén chi thi c6 su bién ddi mau ¢ trong budc
nhay.

2.4.3. Cdc yéu t6 anh hwéng dén dwong cong chudin dé

- Anh huéng ctia ndng d6 dung dich can chuan d6 va dung dich chuan

Dé so sanh, trong bang 9.2 trinh bay céc s6 liéu thé hién sy thay d6i ciia pCl khi chuén d¢ 100 ml
dung dich NaCl v6i néng d6 1N, 0,1N, 0,01N bang cac dung dich AgNO; v6i ndong do tuong tu. Cac

dir liéu nay dugc biéu dién bang d6 thi trén hinh 9.3.

Bang 9.2. Anh hwéng cua néng do dung dich can chuan dé va dung dich chuan dén
sw thay doi cua pCl khi chuan dé 100 ml dung dich NaCl bang dung dich AgNO,

A NDCL)‘”Q dich | N&ng do NaCl pCl
gNY4 thém vao hay AgN03 (%)
ml 1N 0,1N 0,01N
(ml)
Trwéc diém twong duwong
0 100 0 10 2
50 50 0,3 1,3 2,3
90 10 1 2 3
99 1 2 3 4
99,9 0,1 3 4 4,73
Tai diém twong duong
100 0 4,885 4,885 4,885
Sau diém twong dwong
0,1
1
10
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Puing tugng dugng

Bi&m tuong dugng

oo1M
N

1M

pl

e o~ Geth =Wk
T

Budic nhay
chudn dé

0
T

14 '
100 110

Hinh 9.3. Anh hwéng nong dé cta dung dich chuan dé (NaCl)
va dung djch chuan (AgNO ,) d6i v&i sw thay déi pCl

Phan tich duorng cong chuin d6 va céac sb liéu & bang 9.2 c6 thé két luan rang nong do dung dich

can chuan do va dung dich chuan cang 16n thi bude nhay chuan d6 cang 16n. O ndng do 1IN, bude

nhay tir 3 — 6,77, voi ndong d6 0,IN budc nhay ngian hon tir 4 — 5,77 trong khi voi ndong do lodng
0,0IN, budc nhay khong co6 su cach bigt 4,73 — 5,04.

Tuy nhién can chd y rang, khi chuan dung dich 0,1N bu6c nhay du 16n, vi vAy khong nén chuan
dd cac dung dich Vg’wi nong do 16n hon 0,IN. Sai’ SO chuén do do viéc dvo khong chinh xéc khi d1:1ng
cac dung dich c6 nong do 16n dac biét tdng Ién rat nhi€u so vdi khi chudn do cac dung dich c6 nong
dd nho.

- Anh huéng ciia d6 tan chét két tia

Cac hop chat tao thanh trong qua trinh chuan do theo phuong phap két ta 1a cac chét it tan. Tuy
nhién sai s6 gay ra do do tan cua chung c6 thé 1am sai 1éch két qua phan tich, vi vay khong thé bo

qua do tan duoc. Anh huong ctia d6 tan chat két tia tach ra dén budc nhay chuan do duoc dua ra &
bang 9.3. Trén co s& cac sb lidu cua bang 9.3 nguoi ta xdy dung duong cong chuan do.

Bang 9.3. Anh hwéng cia do tan chat két taa tach ra dén bwéc nhay chuan do
khi chuan 100ml dung dich 0,1 N bang AgNO,

pHal
A%ﬂ&?ﬁ%% E;;% 53 C’)\‘:(H/a; khi chuan do
vao (ml) NaCl NaBr Nal
(TAgCI= 1,7. 10-10) (T AgBr™ 3,3. 10- 13) (T Agl = =8,5.10- 17)
Trwée diém twong dwong
0 100 1 1 1
50 50 1,3 1,3 1,3
90 10 2 2 2
99 1 3 3 3
99,9 0,1 4 4 4
Tai diém twong duong
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100 0 4,885 6,211 8,035
Sau diém twong dwong
0,1
100,1 AgNO3 (dw) 577 8,42 12,07
1
101 AGNO, (dw) 6,77 9,42 13,07
10

110 AGNO, (dw) 7,77 10,42 14,07
— BEudng tudng dutdng
- Bigm tudng g
| 8 chudh 43 Macl

Ty
_,i Bigm tudng dudng
- ) AA 4 chudn did MaBr
- Butic nhdy . .
- 1 Bubng cong chuin do MNacl
= C chuan do ] Bigm tudng dudng i
E - I""( 4 chugh dd Mal
| 2 Bufing cong chudh db NaBr
rd
— ]
~ \_ /3 Bnfing cong chudn da Nal
-u

a0 100 10

Hinh 9.4. Anh hwéng gia tri do tan ctia chat két tua tach ra dén bwéc nhay chuan do

Phén tich dudng cong chuan do va cac sd liéu & bang 9.3, c¢6 thé két luan rang d6 tan cua hop
chat két tia cang nho thi budc nhay chuan d6 cang 16n. Khi chuan d6 dung dich NaHal 0,1N budc
nhay chuan d6 1a: NaCl budc nhay (4-5,77 ), NaBr (4-8,42); Nal (4-12,07 ). Budc nhay chuan do
trong tat ca cac trudng hop nay 1a da 1on.

2.4.4. Hién twong hdp phu khi chudn dé theo phwong phdp bac
- Keo va tinh chat hip phu ctia dung dich keo

Keo 1a nhimg tiéu phan c6 kich thudc khoang 107 = 10 cm, nim trung gian gitta ion va két
tia. Dung dich keo 13 trang thai trung gian gitta dung dich that va hon dich. Trong nhitng diéu kién
nhat dinh mot dung dich c6 thé chuyén tir trang thai nay sang trang thai khac. Trong thuc té khong co
ranh gidi chat ché gitra ba trang thai nay.

Dung dich keo c6 tinh chat:

- N6 1a mot h¢ khong dong nhat (khac véi dung dich that 1a mot h¢ dong nhat). Dung dich keo c6
tinh chat dién ly do sy xuat hién dién tich trén bé mat phén chia - sy tao thanh 16p dién kép cua ion
va gan lién véi chung 1a tinh chat hap phu.

- Céc hat cta dung dich keo mang dién tich duong hodc &m. Su tich dién cua cac hat keo do hép
phu céc anion (tich dién am) hay cation (tich dién duong) trén bé mat cua nd. Thi du: cac halogenid
bac hap phu Ag"™ hay ion Hal™ nhu khi cho AgNO; vao dung dich NaCl, két tia AgCl tao thanh &
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trong mdi truong du NaCl nén tia nay s& hip phu vu tién ion CI~ trong dung dich. Két tia tao ra
cac hat mang dién tich am. Nhu vy di¢n tich ctua hat keo dugc xac dinh bang dién tich cua cac ion
bi hap phu trén bé mit cla nd va phu thudc vao diéu kién tao thanh keo. Cac hat keo bao gém cac
phan tr va ion lién két voi ching va céc ion trai dau trong dung dich tao thanh mixen. Mixen tao
thanh tir cac nhén khong tan trong moi truong do va bao boc bang 16p dién kép cac ion. Mot 16p ion
duoc g01 1a 16p hap phu ndm trén bé mit cta nhan lam cho no tich dién. Trong thanh phan 16p hap
phu c6 mot phan ion trai ddu ma phan chinh cta né tao thanh 16p thtr hai. Mixen trung hoa dién (tong
dién tich bang khong).

- Su dong tu keo

Céc hat keo tich dién c6 thé bién thanh céc hat 16n bang cach ddc biét. Qua trinh két hop céc hat
keo thanh cac hat 16n hon goi 1a sy dépg tu keo. Su’déng tu kcorcé thé xdy ra bang sy tang nhi¢t do,
tac dung cua anh sang, dong dién cao tan, si€éu am, lac, tron, khuay dung dich...

- Su pepti hoa

Pepti hoa 1a qua trinh chuyén dung dich keo di dong tu trd vé trang thai phan tan ban dau, nguoc
v6i su dong ty, nghia 1a luc d6 két tua chuycn thanh keo. Hién tugng nay thuong xay ra khi nguoi ta
rua tia keo dong tu bang nuoc. Do glam ndng do chat lam dong ty, rira két tua khong chi loai chat
ban ma con loai ca chat dién ly tao nén sy dong tu keo. Cac hat keo tro lai tich dién, day nhau phan

tan trong dung dich, chuycn n6 thanh hé keo. Nhu vy rira tia dé 1am giam tap chat, nhung dong thoi
c6 thé mat mot phan két taa.

Pé ngan ngura hién tuong nay nguoi ta khong rira két tua bang nudc ma thuong roa tia bang
dung dich cac chat di¢n ly bay hoi, cac chat nay co6 thé dugc loai khoi két tia bang say kho. Thi du
rira tiia AgCl bang dung dich HNO, lodng, khi sy kho & 110°C acid nay bay hoi hét.

- Su hinh thanh dung dich keo ctia bac halogenid

Khao sat truong hop tao dung dich keo AgCl.

Khi ta cho ting giot AgNO; vao dung dich NaCl, cac hat keo dau tién xuat hién, d6 1a cac vi tinh
thé (AgCl),,,, bac halogenid rat dé tao dung dich keo, néu lugng AgNO; cho vao tuong duong voi

luong NaCl trong dung dich ta s& ¢ tua tinh thé. Khi trong dung dich c6 du ion CI~, nghia 1a trudc
diém twong dwong khi chuin d6 halogenid bang bac, hodc khi du ion Ag" nghia 1a trudc diém tuong
duong khi chuan d¢ ion bac bang halogenid thi c4c vi tinh thé ban du s& hap phu vu tién chung tao

ra 16p ion hap phu mang dién tich (dién tich am trong truong hop du CI”, hodc mang dién tich duong
trong truong hop du ion bac), con goi 1a 16p so cap Lép nay s€ hat cac ion trai dau trong dung dich
dé tao ra 16p ion ddi hap phu, con g01 16p thu cap, 16p thu cap két hop véi nhan mixen (tirc vi tinh
thé dau tién) long 1éo hon nhiéu so véi 16p so cap. Hai 16p nay tao ra 16p dién kép bao quanh nhan
mixen hinh thanh tiéu phan keo. Cac tiéu phan keo, vi vy mang dién tich cung dau nén diy nhau,
ngan can su két hop cia céac tiéu phan keo thanh hat 16n.

Mudn céc tiéu phan keo dong tu can 1am mat dién tich cua 16p so cap.
So dd tiéu phan keo cho 2 trudng hop:

- Khi ¢6 du ion CI™

[ (AgCl),, nClI™ (n-x)Na"J¥~ xNa*

nhan (mixen) 16p so cap 16p thir cap

- Khi ¢6 du ion Ag"
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[ (AgCm nhgt (- MOy 22T C5
nhin (mizen) 1ép sochp  1dp thi cép
A -y
"\.I.v"'

tigu phin keo mang dign tich

Hinh 9.6. CAu tao hat keo AgCl trong dung dich AgNO,

Trén bé mdt cua cac hat keo mang dién tich hap phu cac ion tao két tha it tan nhat voi cac ion
trong thanh phan céac hat do. Ngoai ra, ching hap phu cac ion c6 nong do cao. Thi du: Khi két taa
Agl c6 thé xay ra cong két Br~, CI-, SCN™ va cac ion khac. Khi chuan d6 halogenid khong cé tap
chat la, két tua hap phu cac ion Hal” ¢6 trong dung dich, cac hat AgHal" tich dién am. Trong truong
hop nao thi két tia chuan do ciling sai I¢ch. Vi vdy can phai tuan theo ding diéu ki¢n két tua trong
cac phuong phap xac dinh cac chat.

2.4.5. Céc cdch xdc dinh diém két thiic trong phwong phdp bac

Chat chi thi duoc dung trong phuong phap bac can khong ddi mau cho dén khi toan bd ion can
xéac dinh chuyén thanh két tia (chuyén thanh két tia cua dung dich can xac dinh véi dung dich chuan
trudc), chét chi thi tao v&i ion cia dung dich can chuan do két tua mang mau, ¢6 do tan 16n hon do
tan chét két tua chinh, chét chi thi can du nhay déi voi lugng du nhé AgNO,.

Nguoi ta dung chat chi thi cling nhu khong dung chat chi thi (so sanh d6 duc v.v...) Ta chi nghién
ctru cac phuong phéap dung chi thi. C6 3 phuong phap:

2.4.5.1. Phuong phap Mohr - dung K,CrO , lam chi thi
- Nguyén tic

Phuong phap ndy dua trén phan tng giita Ag”™ va Cl~ vdi chi thi K,CrO,, ¢ diém tuong dwong
K,CrO, tac dung vdi luong Ag * du tao tua do gach.

Agh+CIm > AgCH (9.22)
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2Ag"+Cr0,” - Ag,CrO,| 023)
9.23
b6 gach

Chi thi dung 1a ion cromat Cr@ﬁ_ no tao tua do gach Ag,CrO, c6 do tan 16n hon AgHal.

Sagacn =19 10°M, S =1.3. 10 °M, S p =57.10 "M

Khi chua téi diém twong dwong Ag,CrO, chua tao thanh khi chua c6 lugng du ion halogenid

nén diéu kién can thiét cia phép dinh luong nay 1a Ag" phai két tiia hoan toan véi CI™ dudi dang
AgCl truge khi tua do Ag,CrO, dugc tao thanh. Do d6 néng d¢ cua chi thi phai bang bao nhiéu dé

sai sb chi thi khong qua + 0,1% (diém két thac nam trong pham vi budc nhay). Trong khoang sai sd
chudn dd + 0,1% ndng d6 CrO2~ ¢6 thé thay ddi tir 0,35 M — 1,1.10*M.(Khi C& = 0,1 M),
O sai s6 chuan do—-0,1%][ClI']= 1,0.10'4 M, suy ra

[Ag"1=T yy0/ [CII=1,7. 10 tir dy cé:
[CrO% 1= Ty,oy [AZTP =035 M

O sai s6 chudn do + 0,1%[Ag"] = 1,0.10% M, suy ra [CrO2™ 1= 1,1.10 4 M

Thuc té ndng d6 CrQO3 bing 0,01 — 0,005 M.
Theo 1y thuyét, Ag,CrO, chi tao thanh ¢ diém tuong dwong khi chi thi c6 nong d¢ tir 0,35 M —

1,1.10"*M. Thyc té ta thuong dung chi thi v6i ndng do tir 0,01 — 0,005 M vi néu déc hon thi dung
dich ¢6 mau vang dam cua chi thi, kho nhan thay sy chuyén mau, néu loang hon thi khoi lugng cua
tua Ag,CrO, tao thanh qua it mat ta it nhén thay.

- Piéu kién ctia phuong phap

+ Phuong phap nay dung trong méi truong pH = 6,5-10 (khong nho hon 6,5 va khong qua 10),
khi ¢6 mat ctia mudi amoni pH = 6,5 —7,2.

+ Phuong phép nay khong dung trong moi trudng acid va trong méi truong kiém, vi néu ding
trong moi truong acid CrOﬁ' - CrD%‘ tao voi Ag" két tiia do tan trong acid:
CrOf+HY S HCrOj
2HCrO; har CrO2 + HyO
+ Trong dung dich kiém manh tao thanh oxyt va hydroxyd bac.
Agh+OH" -  AgOHY
2 AgOH - Ag,0+H,0
+ Phuong phap nay chi duoc dung dé xac dinh cac CI” va Br” ma khong dugc dung dé xac dinh
I” va SCN™ vi khé nhan xét lac két thuc phan ting do hién twong hap phu va tao thanh céac hé keo.

+ Khong thé chuén dd dung dich c6 mau theo phuong phap Mohr vi mau cia dung dich che mau
cua Ag,CrO, ¢ diém tuong duong.
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2.4.5.2. Phirong phdp Volhard - Phuong phdp ding phén sct amoni lam chi thi

Dinh luong Br~, C1™ theo phuong phap Volhard dua vao ky thuat chuan d6 nguoc.
Nguyén tac: Ding mot luong du AgNO; ¢ mdi truong acid nitric dé két tia hoan toan bac

halogenid. Pinh lugng AgJr (du) be‘ing dung dich chuan NH 4SCN.
Thi du: Agt(du) + Br — AgBrl
Ag'+SCN™ — AgSCN |
3SCN™ + Fe?* 5 Fe(SCN), (46 thim)
Phén sit amoni: Fe,(50,4)5.(NH,),S0,.24H,0
Dung dung dich chuan: NH,SCN dé xac dinh Ag". AgNO,, NH,SCN d¢ xéc dinh céc halogenid
va cac ion khac.

Can clr vao cac tri s6 pSCN tai dau va cudi cac budc nhay cua duong biéu dién dinh luong ta co
thé tinh duoc khoang nong do Fe3" can thiét dé mau xuit hién & dung diém tuong duong va sai sb
chi thi khong qué + 0,1%.

Tpgsen = 1,1.1071% & diém twong duong [SCN] =107

Theo 1y thuyét nguoi ta cho rfmg mau cua Fe(SCN)zJr tao thanh & néng do 6,4.10'6 M. Hay tinh
ndng d6 Fe 3 1a bao nhiéu dé phirc mau do tao thanh.

Pé sai s6 chudn do bang khéng, mau cia Fe(SCN)zJr can xuét hién khi ndng d6 Ag” con lai trong
dung dich bang téng ndong 46 SCN~

[Ag" ]=[SCN] + [Fe(SCN)**]=[SCN] + 6,4. 10©
hay Ty gon/ [SCNTT = L1 10712/ [SCN]=[SCN] + 6,4. 10
Sau khi bién d6i
[SCNJ? +6,4. 100 [SCN]+ 1,1. 10712 =0
[SCN]=1,7. 1077

Hang s6 bén Fe(SCN)zJr béang:
Ro14 1022 LFEECTT
’ [Fe? [SCN]

Thay vao biéu thirc ddi voi hing s bén ndng do [SCN™ ] tao luong Fe(SCN)** ma bang mit
thuong co6 the phat hién duoc.
6,4.107°

1.4 102=
[Fe?t].17.1077

[Fe3T1=0,27M

Chuan do theo phuong phap Volhar ndng d6 nay khong bat budc. Nong do Fe3™ ¢6 thé dao dong
trong khoang 0,002 — 1,6 M, sai s6 ly thuyét khong hon 0,1 %. Trong thuc té néng do [Fe>*] trén
0,2M thi mau vang ctia n6 lam ta khé nhan sy d61 mau cua dung dich chuan do.
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Vi vay nguoi ta dung ndng do Fe3t khoang 0,01 M.

- Piéu kién ctia phuong phap

+ Moi truong phai acid manh (dung HNO; dam déc) dé tranh sy thuy phan cia Fe3', tranh tua
Ag,0 valam giam hi¢n tuong hép phu.

+ C6 thé dinh lugng céc halogenid trong moi truong acid manh vi khong thé chl}én do cac
halogenid trong moi truong trén bang phuong phap Mohr hay phuong phap dung chi thi hap phu.

+ Nguoi ta ding phuong phéap nay dé dinh lwong CI-, I, Br> SCN™ va Ag". Nhung néu dinh
luong CI™ theo Volhard, mdt kho khan thuong xay ra khi dinh lugng bac con lai.
Theo phuong trinh phan tmg
Agt(du) + CI” —> AgCl
Agh+ SCN™ - AgSCN |

O thoi diém khi lugng du Ag™ dugc chuan lai bang SCN", cac ion SCN™ du s& phan tng véi
AgCl

AgCl+SCN™ 5 AgSCN { + CI™ (9.24)
Vi AgSCN (TAgSCN 10! ) it tan hon AgCl (TA c = 1,7x10° 10) nén can bang chuyén dich tir
trai sang phai.
Phén tmg dat téi cAn bang khi ty s6

1] Taga  1,7x107Y0

_ _ ~ 170
[SCNT]  Tagacn 10712

Nghia 13 can bang duogc thiét 1ap khi [SCN"] < [CI] 170 lan.

Noi mot cach khac, mot hrong thira SCN da tham gia phan tng trao d6i voi AgCL. Vi vay rat kho
nhan ra diém cudi chuin d6, vi mau hong xuat hién do tao thanh Fe(SCN); nhanh chong mat di do

phan tng trao doi

Fe(SCN), +3AgCl 5 Fe’™ + 3CI™ + 3AgSCN

) Muéq c6 mau do bén ctia phirc sunfocyanid voi Ee3+ ta can phai tiép tuc cho SCN™ nita va s&
mac sai s0. D¢ tranh hién tuong nay nguoi ta dung nhi€u bién phap khac nhau nhu: thém mét 16p ete,
benzen hay bat ky dung moi hiru co khac vao hon hop dung dich nudec AgCl, AgCl doéng von lai &
mdt phan cach cta nudc va dung méi hiru co va khong tac dung voi SCN™. Hodce dung dung dich C1™
trong binh dung nudc thém mot lugng thira AgNO3 chinh xac, thém HNO3 dam dac, thém nudc cat

t6i vach chuan. Loc dung dich va 1dy mét phan dung dich dinh luong bang SCN, nhu vay AgCl da
bi loai khoi dung dich khong tré ngai cho qua trinh dinh lugng.

2.4.5.3. Phirong phdp Fajans - Phwong phdp diing chi thi hdp phu

Phuong phap nay dua trén tinh chat cta chat két tia hip phu mot sé chat mau va lam cho céc
chat mau nay thay d6i mau.

Dy 1a phuong phép tryc tiép, 6 thé dinh lugng CI-, Br, hay I” bing dung dich AgNO, va ding
chit mau eosin hodc fluorescein lam chi thi. Co ché nhu sau:
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Eosin 13 mét acid hiru co yéu, phan ly trong dung dich KI 1am cho dung dich ¢6 mau hong.
Eosin 1a Tetrabromfluorescein:

CgHa OO
Br .:l; Br
2NE[+
0 0 0
Br Br
Eosin (mubi dinatri mau do)
Fluorescein
CgH COO"
|
/@i C j@\ 2Na+
0 0 0
Mubi dinatri mau d6
HESHY+E-

Khi chua dat dén diém twong duong cac tiéu phan keo cia tia Agl tao thanh trong phan tng s&
hap phu cac ion I” ¢6 thira trong dung dich, cac tiéu phan déu mang dién tich Am nén khong hap phu
cac ion Eosinat (E").

Vang nhat
mAgl +nl™ — [Agl] nI™

Khi dat dén diém twong duong, khi du mot luong rat nho AgNO;, két tia Agl hap phu cac ion

Ag" du va mang dién tich duong do do hap phu manh céc anion E~ mang mau. Khi dé két taa
chuyén mau tir hong sang do tim:
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Do tim
mAgl +nAg" — [Agl] mnAgJr

Nhiing chi thi nay khong lam d6i mau ctia dung dich ma chi d6i mau trén bé mit keo mang dién
tich duong.
- biéu kién ctia phuong phap:

pH cta dung dich anh huong dén chuan d6 boi vi chi thi hap phu la céc acid yeu Dang hoat
dong cua chi thi 14 ion lién hop ciia chat mau. Vi vay pH chuan do co lién quan dén hang sb phan ly
cua chi thi.

Diéu kién can thiét dé st dung chi thi hdp phy do 1a kha niang ciia n6 nhu ion trai ddu nhung
khong thé vao ion hap phu dau tién cta tia. Anion dién tich 1 can tr¢ nhau trén trén bé mat AgHal
theo thir tu, twong quan véi sy phan cuc hay véi kha nang ai nhan cia cac anion. O pH = 7 tht tu
thay thé: I" > CN~ > SCN~ >Br~ > anion Eosin > CI~ > anion diclofluorescein > CH;COO™ > anion

fluorescein > NO; ClOy

Nhu vay ¢ pH = 7 anion s€ la chi thi, néu nhu nd dung & trong day nay bén phai cua ion chuan
d6. Trong khi chuan d6 chu y tranh ndng d6 16n chat dién ly, n6 c6 thé twong tac voi chat mau.

Dinh lugng Br, I v6i chi thi eosin m6i truong acid pH < 2. Ta khong dinh lugng CI™ v6i chi thi
eosin vi anion eosinat bi tia Agl hap phu rat som, tua bi do trude di€ém tuong duong. Trong truong
hop nay dung chi thi 1a Fluorescein mau bién doi tir vang xanh sang do & moi truong pH = 7 -10.

2.5. Sai s6 chi thi

Nhu bét ky chuin d6 nao, c6 thé c6 sai sé ngiu nhién va sai s6 hé thong. Sai sd ngau nhién c6
lién quan dén 46 dbc ciia duong cong chuin do. Do 1éch chuan cua gia trj thé tich ¢ diém tuong
duong cang nho, d6 doc cang 16n. Nhu vay do 1éch chudn cua gia tri thé tich cang nho bao nhiéu,
néng dd cua ion chuéan do cang lon va do tan cua tia tao thanh cang nho.

Sai s6 hé th(i)ng lién quan to1 sy khong trung nhau cua diém tuong duong va diém két thuc. Nél}
nhu tao thanh hon hop it tan loai AB thi tai thoi di€ém chua dat t61 diém twong duong f<1 gay sai 6
am, khi qua diém tuong duong £>1 gay ra sai s6 duong.

O diém két thac, nong do cta ion (nhu halogenid) [Hallppt bang tong ndng do ion chwa chuan
d6 (hodc da chuan do) nghia 1a Co (1 — f) hay Co (f— 1) va nong do cua cac ion tham gia vao su tinh
do tan cua tia AgHal ma bang [Ag+]DKT hay [Hal ] -

[Hal]g = Co (1 1) + [Ag+]DKT
[Ag lpkr = Co (f— 1) + [Hallpy 1
Ma CO:COHal':COAg+

Suy ra

TagHal
[Hallpgr = [&—

+
B :|IJKT

f= [Hellpger - [ﬁg+:IIJKT _ [Hallpger — (T/[Hallpgr )
C

a

sg =1-
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va

[‘a‘quKT ~[Hallpgy _ [AE-I-:IDKT ) (T‘qﬁ'Hﬂl I[AE+:|DKT)
C C

[u] [u]

gz = f-1=

Dé dang thay ring sai so hé thong cang nho bao nhiéu, nong do ctia chat can chuan d¢ va chat
chuan cang lon va diém két thiic cang gan di€ém tuong duong.

D¢ tinh sai s6 chun d9, nguoi ta lam thi nghiém kiém tra cho dung dich AgNO, vao dich nhii
twong CaCO; véi chi thi cromat cho dén khi xuét hién mau do. Thé tich tim dugc ding dé tinh két
qua.

2.6. Cac dung dich chuin dung trong phuong phap bac

Trong phuong phap bac chu yéu dung dung dich chuan la AgNO;, dung dich chuan NH,SCN
dugc chuan lai bang dung dich AgNO;.

2.6.1. Cdch pha dung dich chudn AgNO; 0,IN

- C6 thé pha dung dich AgNO; 0,IN bang cach hoa tan mot luong tinh trude tinh thé AgNO,
tinh khiét hod hoc trong mot thé tich nudc xac dinh.

- Hodc pha AgNOj; tur hoa chat khong dugc tinh khiét 1im, c6 nong do xap xi roi duge xac dinh
theo NaCl tinh khiét hoa hoc.

Dung dich AgNOj; bi thay d6i khi dé 1au. Duéi anh huong cua anh sang, sy phan huy duoc ting
1€n, vi vay nguoi ta dé dung dich trong chai thuy tinh mau nau.

2.6.2. Cach pha dung dich amoni sunfoxianid 0,1N
Khong thé pha dung dich NH 4SCN ¢o nong do chinh xac theo luong can ciia chét, vi NH 4SCN

hut 4m. Vi vAy nguoi ta pha dung dich ¢6 ndng do gan ding véi yéu cau, sau d6 xac dinh nong do
cua dung dich NH,SCN xap xi 0,IN bang dung dich chuan AgNO;0,1n.

2.7. Ung dung phwong phap bac

2.7.1. Pinh lwong CI” trong NaCl ky thudt biang phwong phdp Mohr

Nguoi ta xac dinh ion clorid trong céc clorid tan dua trén sy chuan do truc tiép luong chét can
phén tich hay dung dich cua né bang dung dich chuan AgNO; véi chi thi kali cromat. Néu xuat phat

tir san pham tinh thé thi tinh ham lugng phan trim ciia NaCl hay CI™ trong mau. Néu phan tich dung
dich NaCl thi tinh ham luong ion C1I™ hay NaCl trong dung dich thanh gam.

2.7.2. Dinh luwgng CI” theo phwong phap Fajans

Dinh lugng truc tiép ion clorid b?lng dung dich chuin AgNO3 voi chi thi fluoressein duoc tién
hanh trong méi trudng trung tinh, mau trén bé mit cua tua chuyén tir vang do sang do hong.

2.7.3. Dinh lwgng KI theo phwong phdp Fajans
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Dinh lugng tryc tiép KI bang dung dich chuan AgNO;, voi chi thi eosin dugc tién hanh trong

moi trudng acid, mau trén bé mit cua tia chuyén tir hong sang do tim.
2.7.4. Dinh lwgng CI theo phwong phap Volhard

Dinh luong clorid theo phuong phap Volhard bang cach chuan d6 nguoc. Cho mot luong du
chinh xac vao dung dich NaCl can dinh lugng, tao tua trang cua AgCl, loc bd tia AgCl (hoac cho
dung moi hitu co nhu benzen vao dung dich phén tich). Dinh lugng Ag" du bang dung dich chuan
NH,SCN vdi chi thi phen sat amoni.

TU KHOA
- Tich s tan - Do tan
- Két tia — hoa tan - Phuong phap bac
- Keo — pepti hoa - Héap phu

CAU HOI LUQNG GIA

1. Viét biéu thirc tich s tan, do tan; Cac cong thirc tinh do tan trong nudc nguyén chat, khi ké toi
hé s hoat do.

2. Néu cac yéu t6 anh hudng dén do tan va cach tinh do tan trong timg diéu kién cy thé.

3. Néu tinh chét ctia dung dich keo, giai thich hién twong déng tu va pepti hoa.

4. Néu y nghia cta phan Gng két tia hoa tan trong phan tich.

5. Khao sat duong biéu dién dinh luong va néu cac yéu td anh huong dén duong cong chuan do
két taa.

6. Néu sy hinh thanh dung dich keo cua bac halogenid.
7. Néu nguyén tic, diéu kién tién hanh va tmg dung ctia phuwong phap Mohr, Fajans, Volhard.
8. Néu ung dung ctua phuong phap do bac trong phan tich.

9. Cho biét tich so tan cua cac mudi iodid nhu sau:

iodid T

Agl 8,50. 10717
Pbl, 7,10. 107
Bil; 8,10. 1071

Hay xép cac mubi trén theo thir ty giam dan d tan trong:
a) nudc.

b) 0,100 M dung dich Nal.

¢) 0,100 M dung dich cation twong ung.
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10. Hay tinh d9 tan cia BaSO, trong

a) dung dich trung tinh

b) dung dich HC1 0,100M (HSO, + H,0 S H;0" + S0,
K, = 1,20. 102 S: a) 1,10.10° M; b) 3,50. 10 M

11. Hay tinh d¢ tan AgCl trong dung dich NaCl ¢6 nhitng nong do6 sau:

Page 191 of 225

a) 2,00 M ¢) 5,00. 102 M Biét K, =2,00.10°, K, = 1
b) 0,50 M d) 5,00. 104 M

¢) 1,20. 104 M g) 1,10. 10" M

h) 1,50. 10° M 0)3,70. 107 M

CAU HOI TRAC NGHIEM

1. Mudn ¢6 két taa:

a. [A][BI"<T, g, c. [AT[BI">T, g, e. [BI"<T,. 51
b. [AT™[B]" =T, .5, d. [AI"<T, g,

2. Muén c6 két taa tan duoc:

a. [AT"[BI"< T4, g, c. [AT"[BI"> T, g, e. [BI"<T .81
b. [AT™[B]" =T, .5, d. [AI"<T, g,

3. Cong thirc tinh d6 tan trong nudc nguyén chit cua chat dién ly it tan dang AB (cung hoa tri):

1 T

&. SABzgqfigB . SAB:«JETRB . SHB:%

— | 1
b. S.:!:LB_ TEB d. SEB:E“IIETEB
4. Khi thém du thudc thtr két tua, do tan cua két tua:
a. tang lén c. giam xudng e. khong thay doi
b. ting 1én nhiéu d. giam xudng nhiéu
5. Trong moi truong acid do tan cuia chét dién ly it tan phu thudc vao:
a. tich s6 tan ctia mudi d6 va ndng do H* d. hang s6 phan ly cua acid trong mai truong
b. tich s6 tan ctia mudi d6 e. ndng d6 ctia mudi do

.ndéng do H"

o

6. Phuong phap Mohr thuc hién & moi truong:
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o

o

. acid manh d. kiém yéu
. kiém manh e. trung tinh, kiém yéu pH= 6,5-10
. acid yéu

7. Phuong phap Volhard thuc hién & moi1 truong:

9

a.

b

. acid manh c. acid yéu e. trung tinh, kiém yéu pH= 6,5-10
. kiém manh d. kiém yéu
. Phuong phap Fajans dinh luong Br—, I véi chi thi eosin thuc hién & moi truong:
. acid manh c. acid yéu e. trung tinh, kiém yéu pH= 6,5-10
. kiém manh d. kiém yéu
. Phuong phap Volhard dung k¥ thuat chuan do:
tryc tiép C. nguoc e. gian tiép - thira trir
. thé d. gian tiép

10.Chi thi dung trong phuong phap Mohr:

a. Phén sit amoni (Fe>™) c. K,Cr,0, e. fluorescein
b. K,CrO, d. eosin
Chuong 10 )
PHUONG PHAP TAO PHUC
MUC TIEU

— Trinh bay dwoc dinh nghia phirc chdt va phan biét dwoc phitc chdt cong, phire chdt ngi,
muoi kép.

— Gidi thich dwoc ¥ nghia ciia hang so tao phirc, hang sé bén diéu kién.

— Trinh bay dwoc nguyén tic va cach chon chi thi trong phwong phdp chudn dé bang
complexon II1.

— Trinh bay dwoc cdc ky thudt chudn do bang complexon I1I.

NOI DUNG

1.LY THUYET VE PHUC CHAT
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1.1. Pinh nghia phirc chit

Phtic chat 1a nhitng hop chét phan tir dugc tao thanh do mot kim loai (nguyén tir trung tim) nhu
Ag, Cu, Ni, Co, Fe, Hg... ndi v6i cac phdi tit ¢6 thé 1a ion 4m hay phan tir (NH,, H,0, CI, F-, CN~
).

Nguyen tor trung tam va ph01 tu tao thanh cau ndi phirc va duoc viét trong dau [ ], cac ion trai
dau vé6i cau ndi phirc goi 1a cau ngoai phuc viét & ngoai dau [ ].

Vidu: [Ag(NH;),]Cl
Cau ndi phuc / cau ngoai phirc

Chii §: Nhiing chét nhu FeSO,(NH,),SO,.6H,0 hoic KAI(SO,),.12H,0 1a mudi kép, tuy &

dang ran c6 thanh phan giéng nhu phirc chat, nhung trong dung dich nuéc phan ly hoan toan thanh
nhitng ion don gian;

KAI(SO,),.12H,0 — K" + AI¥* +280,% + 12H,0
Nén khong phai 1a phirc chit ma 1 nhitng mudi kép.
1.2. Phan loai
Phirc chat thudng chia 1am 2 loai: phirc chit cong va ndi phic.
Phtic chat cong (lién két phéi tri).
Phtic chit cong gdm mot nguyén tir trung tam lién két phdi tri véi nhitng tiéu phan phan cuc.

Vi c}u: Zn?" ¢4 thé phéi tri v6i 4 phan tir NH, @ tao thanh ion phite [Zn(NH,),]*" ma cong thirc
khai trién la

— - at
y NH;
N.
H"|"H
H
NHQ—F Zn "I:—NHQ : [ZH(NHQ)Q]E-F
NH,

Phan tor NH; ludng cyc, cuc am quay vé phia ion kim loai va tao thanh lién két phdi tri bang 2
electron ty do ¢ 16p ngoai cung cua nito.

Nguoi ta thay rang sb toi da nhirng tiéu phan c6 thé gin véi nguyen tr trung tdm goi la sO ph01
tri cuc dai, so ph01 tri cuc dai thuong 13 2, 4, 6 hodc 8. Dién tich cua ion phirc bing tong dai sb cac
dién tich (dwong va 4m) ctia ion trung tim va phdi ti.

- Nhitng phtrc chit chi c6 mét ion trung tim nhu: [Ag(NH3)]+, [FeF ]3_ duoc goi phuc don

nhan.

Phire ¢6 nhiéu ion trung tim cting loai nhu [Fe,(OH),]*" [Cu,(OH),]** goi la phirc da nhan.
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Trong ndi phuc, kim loai tao thanh vé&i phdi tir (thudng 1a phén tir hiru co) vira bang lién két phdi

tri vira bang lién két chinh.

Thi du: dimetylglioxin tao phtrc véi niken

HyC— C=—NOH

H,;C —C —NOH

Dimetylglioxin
CH3—ﬁ —CI—Ig—Iﬁ —CH; + Be®"
o o
Acetylaxeton

OH H3/C
N—-10 \_
N =
CHy—C H1\ ¢ —CH;
/CZN\/ 0—HN
HaC OH
Miken dimetylglyoxinat
H=C CHs
i /
//C—CI D—C%
= HC “pe” CH
“c—0~" “o—cﬁ\
HaC CHs

Eert acetvlacetonat

Tur cac cong thirc cdu tao trén cho thay cac hop chat noi phirc dugc déac trung bang sy ton tai cac
cum vong chu yéu 1a cac vong 5 hodc 6 canh. Nhirng phtrc chat ma phdi tir chira nhiéu nguyén tir
lién két vai ion trung tm goi 1 phirc da cang. Cac ion trung tdm (ion kim loai) bi kep chit trong céac
vong boi cac phdi tir nhu trong “gong kim*. Do d6 phdi tir tao v6i ion trung tAm mot vong kin goi 1a

phtrc cang cua (Chelat).

Nhitng phtre chit ma phdi tir chira mot nguyén tir lién két v6i ion trung tim duoc goi 1a phirc don

cang.

. Cachop chat ndi phirc c6 nhiéu tinh chat dic trung, trong do cac tinh chat quan trong nhat 1a: do
bén cao, mau dac trung dJ tan nho trong nudc, do dién ly yéu, do tan 16n trong mot so6 dung moi hiru

co (thude thir Garola v6i K.

1.3. Danh phap

Khi goi tén mot phirc chat, ddu tién goi tén phdi tir sau d6 goi tén ion trung tim.

1.3.1. Phiec la ion dwong

Goi tén phoi tr voi dudi O va cac ti€p dau ngir dé chi so phoi tir nhu sau:

1. Mono 6. Hexa 11. Nodeca
2.Di 7. Hepta 12. Dodeca
3. Tri 8. Octa

4. Tetra 9. Nona

5. Penta 10. Deca
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Sau do goi tén cac nguyén tir trung tam voi cac dudi dé hoa tri nhu sau:

Hoatri 1: a Hoa tri 5: an
Hoatri 2: o Hoa tri 6: on
Hoatri 3: 1 Hoa tri 7: in
Hoatri4: e Hoa tri 8: en

Vi du: [Ag(NH;),]Cl: diaminoargenta, hodc diamino bac (I) clorua.

(Ghi chii: cling c6 thé goi tén nguyén tir trung tim kém chit s6 La ma viét trong dau ngodc chi
ho4 tri cua no).

1.3.2. Phirc la ion am

Goi tén nhu phirc ion duong nhung thém duéi “at’.

Vidu: [Fe(CN)6]3_: hexa cyanoferiat hodc hexa cyanato ferat (I11)
[Hg(CSN) 4]2_: tetrasulfo cyano mercuroat

. (Ghi chui: cling o6 thé goi theo cach thém dudi at vao tén nguyén tir trung tAm trude khi thém chir
s0 La ma chi hoa tr1).

1.4. Hang s6 bén ciia phirc chat

Phuc chét trong dung dich ciing phan ly nhu cac mudi don gian, co phuc chét phén ly hoan toan,
c6 phuc chat phan ly khong hoan toan, nghia la c6 phuc chat bén va phuc chat khong bén. Bé bi¢u
thi d§ bén cua phirc chat, nguoi ta dung hang s6 bén 3.

Xét thi du can bang giira kim loai (M) véi s6 phdi tri bang 4 ctia phdi tir (ligand) (L):

M+L5SML
Hang s6 can bang cua phan tng:
o ML
[M][L]

K 13 hang s6 bén.
Tuong tu can bang gitta M va phdi tir ¢6 s6 phdi tri 13 2

M +2L 5 ML,

Phan rng nay c6 2 phan ng trung gian:

M+L5SML (10.1)
ML + L5 ML, (10.2)
Tuong tng voi (10.1) va (10.2)
[ML] [MLg |
K, = 8 = Ltal
PTIMIL] T TR ML

Tich s6 cua K va K, bi€u thi hang s6 can bang tong cong
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[ML] [MLg]  [MLg]

B = Bafe = T L] - (ML’

Tuong tu nhu vay phan Gng gitra M v6i phdi tir A c6 thé viét & dang can bang tong cong:

M+4A5MA,

Duya vao gié tri hang so6 bén ctia phtrc chat ¢6 thé biét dugc muc d§ bén ctiia chung. Hang s6 bén
cang lén phuc cang bén.

Thi du: Phirc Zn(NH3) 42+ duoc tao thanh qua 4 nic nhu sau:

1. Zn®" + NH,; 5 Zn(NH;) 2

| Zn(NE )™ |

_ e 1E
(20 ][NH,] .

K, -

2.Zn (NH,) 2" + NH, 5 Za(NH;)5*

|20 (), |

Zn(NH;)*" [NH, ] o
[ ]

Ky =

3. Zn(NH,)3* + NH, S Zn(MNH,)3*

a4+
[ZHENHEE } 1231

A | En(NH, )5 [NH]

4. Zn(NH;)3" + NHy S Zn(NH;)3"

| Zn (N, )]

- 10%%8
[zn [NHEJ?}ENHS]

K-

Zn** + 2NH; S Za(WH,)5

| En (M), |
Fife 2% [NEG |
KKy =By

B, dugce goi la hang s6 bén tong cong ctia 2 phan rng dau trong 4 phan tng trén.
Dé biéu thi 46 bén cua phtic chat nguoi ta dung hang s6 khong bén, nghich dao cta hang sé bén

1/B dugc goi 1a I}éng s6 khong bén K hoic hiang sb phan ly cta phirc chat, hiang sd nay cang nho
phtrc chat cang bén. Nguoi ta con thuong dung dai lugng —1gK c6 ky hiéu pK. Dua vao hang s6 bén
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ctia phtic chit c6 thé biét duoc mirc d6 bén hodc khong bén cua ching. Hang s6 bén cang 16n
phttc cang bén. Thi du: Phie FeY™ ¢6 B = 10%! (e K = 1072>1) bén hon phuc NiY 2~ ¢6 B =
1018:62 (K = 10718:62),

Néu biét hiang s6 khong bén cua phirc chit ngudi ta c6 thé khao sat su canh tranh tao phic.
1.5. Y nghia
1.5.1. Tinh nong d¢ ciia chit tao phirc va phoi tir trong cdc dung dich

Duya vao hing sé bén hoic hang s6 khong bén cua céc phuc va ndng d6 ban dau cua phdi tir va
ion trung tAm, ta co thé tinh dugc nong d6 cua chit tao phirc va phdi tir.

Thi du: Tinh ndng do cua chit tao phirc va phdi tir trong cac dung dich [Ag(NH3)2]+, [Cu(NH;)

4]2+ 1M va so sanh cac két qua nhan dugc. Cho E =580.107° K

— =13
[Ag(NH3h]+ : - ] [T NH3:I4]2+ - 9,33. 10

Gidi
a) Doi v6i [Ag(NH,),]"

Néu ky hiéu [Ag"] bang x, theo phuong trinh:
[4g(ITH,)3]5 Ag™ + 2NH,
c6 thé viét:
+ +
[gg[NHB)E} = 1-x ;[ ag*]=x ;[NH;]- 2

Thay céac gia tri ndng do cta chat tao phic [Ag™] va cta phdi tir [NH;] vao biéu thirc hing sd
khong bén:

[ A" [NH, T Cx(:)?

[ﬁE[NHEE} - (1-x) - I:&E[Nngg

] - 5,89.107°

Vi trong dung dich dién ly yéu, [Ag"] rit nho so v6i ndng d6 cua ion phirc, c6 thé coi gia tri 1 —
x gan bang 1. Khi d6 ta dugc:

4x3=15,89. 108

8
Dodé:  x=[Ag™]=3589.10"% = 24107 (tmol /1t)

[NH;] = 2x = 4,8.10~ (mol/lit)

b) Pbi voi [Cu(MH ;5]
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[Cu(MTH)ET ] 5 Cu?t + 41H;
[CuMH)F ] =1-x; [Cv¥*]=x; [NHs] =4x

[Cu®INH;*  =(4m)*
[Cu(MH,Z]  (1-x) o0

=933 107

296z =9 33 1013
Do d6

x = [Cu2+:|= 209,33.1071%/ 356 & 8,5.107° (mol)

[NHg]= dx - 4x8,5.107% = 3,4.107% (mol/l}

Khi so sanh cac két qua thu dugc c'1‘01 v6i [Ag(MH-E] va [ Cu(IH-) 2t ], c6 thé thay 1a ndng do
ctia phtrc chat trong ca hai dung dich gin bang nhau:

[Ag']=2,4. 107 (mol/])
[Cu®']=1,29. 10 (mol/)
1.5.2. Sw canh tranh tao phirc
Xét thi du: néu cho tic dung mudi Zn véi Mg complexonat

MgY? +Zn?" 5 ZnY? + Mg?*

Ta biét rang K khong bén cang nho phirc chat cang bén Vumg, KZ T 10-163 s By aa= 107 8.7,
vay phitc kém complexonat bén hon Mg complexonat, nén trong dung dich ton fai phuc Zn
complexonat.

1.6. Ung dung ciia phén ing tao phirc trong phan tich
1.6.1. Diing cdc hop chit phirc dé tao két tiia

- C6 nhiéu mudi phtrc kho tan trong nudc dugc tao thanh boi céc cation kim loai nang va cac
anion cua nhirng acid phtrc. Thi du: Ni2" tao mudi it tan véi hexacyanocobaltat (IIT) Ni;[Co(CN)],
mau xanh 14 cay.

- C6 nhiéu ion phtrc c6 d6 bén cao, c6 mau dic trung dung trong phan tich dinh tinh va dinh
luong.

Thi du: Nguoi ta phat hién K™ bang cach cho tac dung véi Na;[Co(NO;),] tao ra phirc ¢ dang
tua mau vang K;[Co(NO;)].

Dinh tinh Fe>*: Fe>" phan ting véi K [Fe(CN),] tao két tila mau xanh phd Fe,[Fe(CN),;.

bé dinh luong Fe3+, nguoi ta cho Fe3* tac dung véi thube thir NH 4SCN, phtre tao thanh c6 mau
d6 mau, do pho hap thy trong viing kha kién.

1.6.2. Ditng cdc phdn iing tao phirc dé che cdc ion cin tré
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C6 nhiéu truong hop nguoi ta dung phan tng tao phirc dé che cac ion ngin can qua trinh phan
tich.

Thi du: Trong qua trinh phén tich, Fe3t ¢o thé ngdn can sy phat hién céac ion khac, nguoi ta che
et bang cach thém H;PO,, NaF, Na,C,0, hoac Na,C,H,0O vao dung dich phan tich, ion Fe3t 5@
tao v6i cac chit d6 thanh ion phirc bén vimg khong mau: [Fe(PO 4)2]3_, [FeF6]3_, [Fe(C,0 4)3]3_, [Fe
(C,H,0,);1*". Khi d6 céc anion phirc dugc tao thanh bén viing ngay cd khi cho thude thir nhay déi
v6i Fe3™ nhu NH 4SCN cling khong tac dung rd rét voi Fe3*

1.6.3. Ditng phdn irng tao phirc dé hoa tan cdc két tia

Nguoi ta dung cac phan tng tao phirc dé hoa tan nhirng két tiia khong tan trong nude, trong acid
va trong kiém. Nhu truong hop Ag" tac dung véi nhém halogenid (CI, Br, I') tao thanh cac mudi
bac — halogenid khong tan. B¢ tach AgCl ra khoi cac chat khac, nguoi ta cho vao tia mdt lugng thira
NH;, AgCl tao thanh phirc [Ag(NH5;),]Cl tan.

1.6.4. Ditng phan irng tao phirc dé thay doi tinh acid — base ciia cdc chit

- Nguoi ta dung phan tng nay khi mudn 1am thay d6i (ting hay giam) tinh acid, tinh base cta
mot hop chat.
Thi du:

bé tang tinh acid cua acid boric, nguoi ta thém vao dung dich mot luong glycerin. Luc nay co sy
lién két anion cua acid boric thanh phuc glyceroborat kém theo 1am yéu lién két ctia n6 véi hydro.
Do d6 acid yéu tré thanh acid manh.

D¢ tang tinh base ctia AI(OH),, ngudi ta thém fluorid vao dung dich AI(OH),, A’ tao phitc bén
[A1F6]3_ va OH™ duoc giai phong ra, do vy 1am ting tinh kiém cta dung dich.

AI(OH); + 6 F~ — [AIF]>~+3 OH™

Dung phan tng tao phtic dé thay doi tinh oxy hoa — khir ciia céc chat

C6 nhiéu truong hop do ¢ su tao phirc ma néng dod cua cac chat oxy hoa hodc cua chat khir ting
hay giam.

Thidu: 2 Fe*" + 2752 Fe?" +1,

Chiéu phén tng tir tréi sang phai. Khi thém F~ vao dung dich thi Fe>* mit kha ning oxy hoa I
do tao thanh phuc [FeF6]3_ , do vay can bang phan tng chuyén dich tir phai sang trai.

2. PHUONG PHAP COMPLEXON
2.1. So' lwgc vé cic complexon

Céc hop chat hitu co 1a din xuét ciia acid aminopolycarboxilic thudng goi 1a cac complexon.

- Complexon I (Trilon A), 1a acid nitril triacetic (NTA), viét tit 1a HyY
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CH,COCH
NZ CH,COOH

™ CH,COOH

- Complexon II (Trilon BS) 1 acid etylen diamin tetra acetic (EDTA), viét tit 1a H,Y. Day la
acid 4 néc. Trong dung dich cua EDTA c¢o6 thé ton tai cac dang: H,Y, H,Y, H2Y2_, HY3_, Y4 va
tuy thudc vao pH ctia méi truong dang nao s€ l1a chu yéu. pK, =20, pK, = 2,73, pK3 = 6,24, pK, =
10,34.

HOOCH-C CH,COOH
a,,-""
N—CH;—CH;—N

HOOCH,C™
CH,COOH

EDTA la tinh thé mau tring, tan it trong nudc, & nhiét d6 200C d6 tan cua no chi 1a 28,3 mg
trong 100 ml nuge. B tan H, Y t6i thiéu ¢ pH 1,6 — 1,8. Khi tang hay giam ndng d6 ion hydro d tan
thay doi (hinh 10.1).

00 - o
280

200 —

w0 L 0 005 01 015 020
100

50 pH

1 3 ] ¥ a 11
Hinh 10.1. Sy phu thudc ctia do tan EDTA (trong 100 ml nwéc) va pH & 20°C

Do tan cao cia H 4Y trong acid vo co dugc giai thich b?lng su tao thanh cac dang trao doi proton
HSYJr va H6Y2+. Su trao d6i proton ctia anion Y4 va su phan bd cac dang trao d6i proton khac nhau
phu thudc vao pH duge biéu thi trong so do (hinh 10.2) va biéu d6 phan b (hinh 10.3).
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Hinh 10.2. So db trao déi proton ctia anion Y4~

Hang s6 phan ly acid cta ion H6Y2Jr bang: pK, 1 =0,9; pK, , = 1,6;

pK, 3 =2,0; pK, , =2,67; pK, 5 =6,16 va pK,, ¢ = 10,26.

+ 1

R % et 3 1

T T I T T >
— e
[ | | | | | | | | | | | | | |
o 1 2 4 5 & 7 ) 9 o 11 12 13 pH

Hinh 10.3. Biéu dd vung tao thanh nhirng dang khac nhau cia EDTA

- Complexon III (Trilon B) la mudi dinatri cia EDTA. Viét tat 1a Na,H,Y

(o]

M
|
H
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HOOCHC CH,COONa
N=CHy—CHy—N_
MalOCH-C CHQCODH

Dihydrat Na,H,Y.2H,0 tan tuong dbi tét trong nudc: 108 g/l & 22°C. Trong nudc, Na,H,Y
phan ly thanh Na™ va HzYz_, thanh phan ctia dung dich complexon III phu thudc vao pH ciing giong

nhu thanh phan cua dung dich EDTA. Vi vdy, ngoai phan tir luong ra tat ca c4c tinh cht dbi véi
complexon II déu dung v6i complexon III va nguoc lai. Nhung vi complexon III d€ di€u ché duoc
dudi dang tinh khiét nén hay dung hon ca.

2.2. Nguyén tic chung

Phuong phap complexon la phu’omg phap dinh luong dua vao phan ng tao phuc cua céc
complexon v&i ion kim loai tao thanh cac mudi ndi phirc vo cliing bén it phén ly, tan trong nudec.

Khi chuan d0, cac ion kim loai tao phtrc véi EDTA xay ra cac phan (mg trong dung dich acid:
Na,H,Y 5 2Na* + H,Y?"
M2 (Ca?" )+ HyY2 S MY? +2HY
M3 (AP + H,Y> S MY +2H"
M (Th*") + H, Y2 S MY+ 2H'

Theo cac phuong trinh trén mdt ion kim loai bat ky hoa tri déu phéan ing v6i mot phén tir EDTA,
ty 1€ (1:1) nén trong phuong phap complexon nong do duong lugng bang nong do mol, E = M.

1 mol cation phan tung véi EDTA khong phu thudc vao hoa tri ciia né lién két véi 1 mol Na-
EDTA.

Ttir hinh 3 thy rang phan (g xay ra & mdi truong kiém yéu va trung tinh ¢ thé viét dudi dang:
M™ + HY3" 5 MY+ gt
2.3. Tinh tao phurc cia EDTA
2.3.1. Co ché phan irng
Trong cidc nhoém complexon tuong tdc voi ion kim loai tao phic do hod tri chinh 1a nhom
cacboxyl (-COOH), con ion lién két phu 12 nhém amino béc ba (= N). Mubi ndi phurc voi EDTA tao
thanh, mot mat, do su thé cac nguyén tir hydro hoat dong cia nhém cacboxyl bang ion kim loai tao

phuc, & day EDTA két hop véi ion kim loai tao phurc b?lng hoa tri chinh, mat khéac do sy tuong tac
vO1 nguyén tur nito ¢6 kha nang tao lién két phu (phdi tri) véi ion kim loai tao phure.
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Hinh 10.4. C4u tric cta phirc kim loai véi EDTA
Phan tmg tao phirc gitta EDTA véi ion kim loai c6 thé biéu dién bang phuong trinh chung:
MY+ H) Y2 S MY DT 4+ 2HY 6 pH =4 6
M+ HY3 S MY®H" + HY 6 pH =7-> 10

Ta thay trong cac phan tmg lu6n giai phong ra H™ ma & moi tru’omg acid manh pH < 3, EDTA tao
thanh cac phic kim loai kém bén. Do d6 dé trung hoa nd ngudi ta thuong cho dung dich dém

(NH,OH/NH,Cl) 6 pH = 8— 9. Noi chung phan {mg tao phirc cang thuén lgi khi moi truong cang

kiém. Nhung c6 khi nguoi ta duy tri moi truong acid déi voi Fe3™, Bi3™, dé tranh thuy phan, ion tro
ngai.

2.3.2. P$ bén viing ciia cic complexonat

Trong trudng hop khong bi anh hudng boi cac qua trinh khac, phan tmg tao phirc duge viét gon
lai:

M + Y s My(d*

MYI:II— 4}+]

Hing 58 ben Kpyy = ————————
M Y]
Trong bang (10.1) tri s6 Kypy Vo1 mot s6 ion kim loai nhu sau:

IgKyry Ba?" =776, 1gKy;y P> =18,04, 1gK, ., Ca?*=10,70, IgKy;y Mg® =870

Ta co nhan xét sau:

Céc complexonat ctia mot s6 kim loai bén vimg dén murc ¢6 thé dung complexon dé hoa tan céac
taa kho tan nhu: BaSO4, PbSO4, CaC204,...

Hang s6 tao phitc cang 16n phirc cang bén viing, do d6 co thé xay ra phan tng canh tranh tao
phuc. Vi du thém Mg- complexonat vao dung dich Ca®" thi:

CaZt + Mng_ S CaY? + Mngr
Vi IgKyy Ca? =10,7 > 1gK, v Mg?" = 8,7
Hoic néu thém complexon vao dung dich chira Ca?' va Mngr thi Ca®" s& tao phtc trudc.

Bang 10.1. Hang s6 bén cta phirc kim loai véi EDTA
(gia tri hang sé nay & nhiét do 20° C va lwc ion 0,1)
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Cation Ky 19Ky Cation Ky 19K,y
Ag* 2,1.107 7,32 Cu?* 6,3. 1018 18,80
Mg2* 4,9.103 8,69 Zn?* 3,2. 1016 16,50
Ca®* 5,0. 1010 10,70 Cd?* 2,9.10'6 16,46
Sr2* 43.10% 8,63 Hg?* 6,3. 102 21,80
Ba?* 5,8. 107 7,76 Pb2* 1,1.1018 18,04
Mn2* 6,2. 1013 13,79 A3 1,3. 106 16,13
Fed* 2,1.10" 14,33 Fed* 1,3.10%° 25,10
Co?* 2,0. 106 16,31 V3+ 7,9.10% 25,90
Ni2+ 4,2.1018 18,62 Th4+ 1,6. 1023 23,20

Héng sO bén cua cac complexonat cua cac ion kim loai khac nhau, nhiéu khi sy khac nhau rat
16n. Piéu nay cho phép co thé chuan do mot s6 ion kim loai trong cung mot dung dich bang phuong
phap complexon. Trén hinh 10.8 cho thdy rang & gia tri pH t6i thiéu c6 thé cb dinh dugc diém két
thac chuin do cia cac cation khac nhau, cac kim loai ning hod tri 2 ¢6 thé chuan d6 & mai truong

acid yéu con ion Fe3t 6 moi truong acid manh.
2.4. Anh huéng ciia pH dén can bang tao phirc. Hang sé cin bang diéu kién (biéu kién)

Nguoi ta khao sat cAn bang tao phirc ciia ion kim loai (M™") véi EDTA thay rang muc do tao
phtrc phu thuoc vao pH cua dung dich. Khi chudn do cation tao phirc kém bén (thi dy Ca®"
Mg2+), yéu cau mdi trudng kiém. Nguoc lai, chuan do cation tao phtrc bén hon (k&m hay niken) c6
thé tién hanh trong méi trudng acid. Nguoi ta thiy rang su phu thudc vao pH khi chuan d6 bang
dung dich EDTA thudng tién hanh trong dung dich dém c6 pH cd dinh. Sy ¢b dinh pH cho phép tinh
duogc céac s6 co ¥ nghia.

Pé xay dung duong cong chuan do6 ciia ion kim loai v6i EDTA trong dung dich dém, nguoi ta
dung ky hi€u o,

_ [Yi_} (10.3)

C: nong d6 chung khong tao phirc cia EDTA, bang tong ndng d6 can bang cia tat ca cic dang
EDTA.

C=[Y*" ]+ [HY¥ ]+ [H,Y>] + [HyY ]+ [H,Y]

a,: ky hiéu phan cua céc tac nhan khong tao phirc ton tai ¢ dang Y4_(tn‘r MY“4). Nguoi ta con
thdy rang a 4 chi phu thudc vao pH va hang s6 phan ly cia EDTA K, K, K5, Ky

bat a,, C vao chd Y*+ phuong trinh (10.3) vao biéu thtc cta hing s6 bén

(10.4)
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R - 1a hing sb bén diéu kién (hay biéu kién) biéu thi can bang chi trong gia tri pH d6 dé tinh

duoc gia tri a 4

Bang 10.2. Cac giatria , déi véi EDTA trong dung dich & cac pH khac nhau

pH oy pH oy
2,0 3,7.101 7.0 4,8. 10"
3,0 2,5.10°" 8,0 5.4.1073
4,0 3,6.10° 9.0 5,2.10°2
50 3,5.107 10,0 3,5.10"
6.0 2,2.10° 11,0 8,5.10""
12,0 9,8. 10"

Hang s6 bén diéu kién cho phép tinh toan dé dang ndng do can bang cua ion kim loai va phurc
trong bat ky diém nao cia duong cong chuan d9, ngum ta thiy rang bleu thirc cho hang s6 bén diéu
kién khac biéu thirc cho hang s6 bén dugc sir dung som chi khi nao nong do can bang phan ly hoan

toan cua anion [Y4_] thay thé vao gia tri C (ndng d6 chung cua EDTA). Pay 1a diéu rit quan trong vi

C xac dinh tir phép ty luong ctia phan ung dé dang hon 1a [Y4_].

Trén hinh (10.5) biéu thi sy phu thudc logarit ctia hang s6 bén diéu kién ciia phirc ddi véi mot s6
kim loai vao pH cua dung dich, anh huong cta pH 1€n dai lugng o, (nhanh bén trai cua duong

cong), sy tao thanh hydroxocomplexonat va phirc complexon v6i NH; nghia la do su tang o, (nhanh

bén phai cuia duong cong).
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Hinh 10.5. Sw phu thudc hang sé bén diéu kién ctiia mét s6 phirc vao pH
(téng ndng d6 [NH,] + [NH,*] = 1,0M)

2.5. Puong biéu dién chuin do

Xay dung duong cong chuan do 50,0ml dung dich Ca%* 0,0100M bang dung dich EDTA
0,0100M trong dung dich dém pH 10,00.

1. Tinh hang s6 bén diu kién: cac gia tri a,.

Keay lay tir bang (10.1) cho két qua nhu sau:

10 — 10
K’ cqy = 0 Kogy = 0,35 % 5,101 =1,75. 10

CaY

2. Tinh pCa truéc diém twong duong: Trudc diém tuorng duong ndng d6 chung cua Ca 2+ bang
tong néng do thura chua chuin do cua ion Ca®" vi ion Ca®" tao ra boi sy phan ly cta phue. Nong do
phuc s& bang néng do chung ctia EDTA c¢6 nghia 1a C. C6 thé cho rang gia tri C nho hon so voi nong
d6 ion Ca?" khong tao phuc. Vi vay, thi du sau khi cho 25,00ml (50%) dung dich chuan do.

[Ga2+:|— 50,00 % 0,0100 - 25,00 x 0,0100
- 50,00 + 25,00

+ O 3,33.10 %on gamilit

plCa = 4,48
- Khi thém 45 ml (90%) dung dich chuan d:

[caﬂ— 50,00 % 0,0100 - 45,00 x 0,0100
- 50,00 + 45,00

— + Cw5,26.10 % on gam/lit

pla = 3,48
- Khi thém 49,5 ml (99%) dung dich chuan d¢:
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[caﬂ _ 50,00 x 0,0100 - 49,50 x 0,0100

—+ Cw5,05.107% milit
50,00 + 49,50 e HB A

pla = 4,40

3.Tinh pCa ¢ diém twong duong: & thoi diém nay nong do CaY?™ trong dung dich bang 0,0050M
va su phan ly ctia phtrc nay 1a ngudn duy nhét sinh ra ion Ca?™. Nong do ion Ca?' & bang nong do
chung khong tao phic EDTA:

[Ca®'] = CepTa
[CaY?]=0,0050M — [ Ca®™] ~ 0,0050M
Gia tri hing sé bén diéu kién tao thanh CaY?" & pH 10,00:
[GaYE_]
[Caz+] CepTa
Sau khi thay s6 ta c6:

0,0050 _
[oa*]

- 1,75.100

1,75 .10

[GaEJ’] — 5,35.10 Tion gamylit
pla = B, 27

4. Tinh pCa sau diém tuong dwong: Sau diém twong dwong, nong do chung CaY? va EDTA d&
dang tinh. Thi du:

- Sau khi cho du 1% dung dich chudn do (51 ml):

50,00x0,0100 -8
O, g =2 Y 4.95.107%M
Ca¥? 101
Cppra = w - 9,00.107°M

Lay gi4 tri gan ding, c6 thé viét:
[CaY? ] =4,95.1073 —[Ca%'] ~4,95. 107 M
Cepra = 9:90. 107 +[Ca?*]~9,90. 10° M

4,95.107°

- = 1,75.1010
Ca +:|x9,90.1[:]_5

Kloay = [

[Ca2+:| - 2,86.10 % ion gam/lit
plCa = 8,54
- Sau khi cho du 10% dung dich chuan d6 (60,00 ml):
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S0,00x00100 -q
Z = d d = -’-1-,55.1[] MI
Cav? 110
10,00%0,0100 _4
Crpra = = - 9,1.107¢M

Lay gi4 tri gan ding, c6 thé viét:
[CaY? ] =4,55.107 - [Ca?T] ~4,55. 103 M
Cepra = 9.10. 10 +[Ca?*] ~9,10. 104 M

4,55.107°

- = 1,75.10%0
Ca +i|x9,1l:l.1[:l_d"

Koy = [
[Ga2+:| - 2,86.1071% ion gam/lit

pla = 9,54

Trén hinh (10.6) m6 ta duong cong chuan do cua ion Ca2t trong dung dich dém vdéi cac gia tri
khac nhau cta pH. Tir ddy nhan xét rang pCa c6 su thay doi rd rang chi & pH > 8.

Béng 10.3. Chuan dé 50 ml Ca?* 0,0100 M béng dung dich EDTA 0,0100 M

% EDTA thém vao pCa Ghi chu

0 2,00

50 2,48

90 3,28

99 4,30

100 6,27 bTD

101 8,54

110 9,54
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Hinh 10.6. Anh hwéng cia pH dén chuan dé cua dung dich Ca 2* 0,0100 M
bang dung dich EDTA 0,0100M

2000 K —13-10°°

F

K, .2 =63-10""

80,0 HyY

soo

1200 /,,/ K- =32-10"®
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Thé tich 0,0100 M EDTA, ml

Hinh 10.7. Pwong cong chuén dé 50,0 ml 0,0100 M cac dung dich cation & pH 6,0
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o
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[pt.z"' AT thiét dé chuan dé
18 . . . .
cac dung dich cation khac nhau
hang EDTA
14 Co®
12—
10 -
8 —
| | | | | | | I
4] 2 4 5] g 10 12 14
pH

_ Trén hinh 10.7 cho théy rang khi chuan d6 cac cation tao phtc bén (c6 hing sb tao phirc 16n)
diém két thuc chuan do thay rd ngay ca ¢ dung dich acid.

Duong cong trén hinh 10.8 cho thay ring ¢ gi4 tri pH tdi thiéu nao d6 c6 thé ¢6 dinh diém két
thiic chuan do cua cac cation khac nhau khi khong c6 chat canh tranh tao phuec.

2.6. Cac phwong phap phat hién diém két thic chuin do

Trong chuin dd tao phirc, diém két thuc chuan do c6 thé phat hién nho sy nhin thiy b?mg mat
cing nhu st dung cac phuwong phap phan tich dung cu. Sy lua chon phuong phap phu thude vao cac
yéu t0, thi du nhu yéu cau xac dinh chinh x4c va chon loc, chuan d6 dung dich duc va c6 mau, chuan
do trong mdi trudng hdn hop phuc tap.

Trong phuong phap nhin bang mat, xac dinh diém két thiic bang cach st dung chi thi kim loai.
Chi thi kim loai Ia chi thi lam thay d6i mau phu thude vao néng do ion kim loai. Chi thi kim loai
thuong 1a hop chét hitu co, tac dung v6i ion kim loai chuan do6 tao mau cia phtc. Chi thi kim loai
chia thanh hai nhom:

Nhom 1: Chi thi tuy né khong ¢c6 mau, nhung tdc dung véi ion kim loai tao mau cua phurc ¢c6 mau.
Thi du khi chuan d¢ phuc sat 111, chi thi dung thu’omg la acid sahcyhc hay sunfosalicylic. Phuc ctua
sat I1I véi acis salicylic (ty 1€ phén tir 1:1) c6 mau do. Cuong dé mau cua phirc thuong khong cao, vi
vay dé nhén thiy rd mau cua phuc, ndng do chi thi can 16n hon gap 10 1an ndng d6 ion kim loai
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chuéan do.

Nhom 2: Trong loai nay, chi thi kim loai 1a cac h(_yp chét hiru co, trong phan tir c6 nhom mang
mau (chromophor), tac dung v6i ion kim loai tao hop chét néi phire, c6 mau khac voi mau cua chi thi
luc ban dau. Chi thi nay goi la chi thi kim loai chrom. Nguoi ta chia chi thi nay lam 3 nhom

Chi thi ¢6 nhém chitc azo N = N—. Dién hinh la den eriocrom T.

Chi thi xép trong nhom triphenylmetanic. Thi dy kxilen da cam

Chi thi bén vimg. Trong nhém niy c6 murexit, dithizon, alizarin....
2.6.1. Yéu cdu doi véi chi thi

Chi thi kim loai can pha1 c6 khoang pH lua chon, tac dung véi ion kim loai tao ra phire bén voi
ty 1¢ M: Ind = 1: 1. Hang s bén diéu kién cia chat chi thi phai nho hon hang sd bén diéu kién cua

4
phurc kim loai vo1 EDTA, nghia 1a 10 <K’y v, /K’ 1,4 < 107

Trong trudong hop mudn dat gia tri 16n, hiang sé bén cta phirc MInd cho phép st dung ty 18
khong 16n cia nong dd chi thi va kim loai

Cnd { 0,01
Cm

tuong Ung véi su giam sai s6 chuan do

- Phirc cua ion kim loai véi chi thi can khéngﬁbén va phan huiy nhanh dudi tac dung cia EDTA.
Nguoi ta cho rang trong chuan dg tao phtrc ¢6 thé dung chi thi kim loai dé chu ky ntra trao do1 phoi

tir trong phirc Mind bang Ty, < 10 gidy.

- Su thay d6i mau cua dung dich & diém két thuc chuan do can phai twong phan voi mau ban dau,
phu hop véi thuyét vé mau, gii han mau, nghia 1a mau ban dau (mau cta chi thi véi ion kim loai -
MiInd) va mau cudi (mau cua chi thi — Ind) can c¢6 kha ning bo khuyét. B6 khuyét 1dn nhau cho dén
mau tr?ing. Mau bd khuyét thi du nhu: dé — xanh 14 cay; cam — xanh; vang — xanh; vang — tim,... Mau
ctia chi thi thay ddi tir mot mau bd khuyét sang mau khac, ¢ diém trung gian nay trd nén khéng mau
(hay sdm mau) boi vi lc ndy anh ctia mau bi hut 14n nhau (hdp phu 1an nhau). Vi vdy ¢ thoi diém
nay dic biét dé nhin thiy.

- Pasd tru’omg hop ion kim loai va chi thi tao chi mot phuc v6i ty 18 1:1, khi d6 hang sé bén diéu
kién cta phirc ndy voi cach tinh can bang cua chi thi c6 the viét:

v [MInd]
MInd = 5 m
[M]C g
N [MInd ]
Tir bigu thirc nay suyra: [M]=—
K piina % C 1
- DM = Ig Ky + g =22
[IInd]
Clud 10 1

= — hay J—
[MInd] 1 10

lac d6 dé gi6i han khoang chuyén mau:

pM =1gK' +1

MlInd

Dé danh gia khoang d6i mau cua chi thi co thé cho phép mét ngudi quan sat sy thay doi mau
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trong nhitng ndng do twong tmg.

Nhu véy, khoang thay d6i mau cta chi thi trén thang pM duoc xac dinh bang hang sb bén diéu
kién ctia phic MInd. Trong su thay d6i cua hang s6 nay khoang chuyén rong téi 2 don vi. pM di
chuyén trén thang pM lic ¢ huéng nay hay ¢ huéng khac. Boi K’ Ming Phu thudc vao pH cua dung

dich. Su thay d6i pH gy ra su dich chuyén cta khoang thay d6i. Ngoai ra, néu cac dang chi thi HInd
khac nhau theo mau, luc d6 khoang chuyén mau trén thang pM khong chi phu thudc vao pH ma con
6 ca sy d6i mau cia dung dich chuén do.

Thi du: Pen eriocrom T véi ion kim loai Mg2+, Ca2", Zn?" va mot sb ion khac tao phtrc mau doé
hay mau tim. Khao sat sy phu thudc cua chi thi d6i véi pH dé co thé phan biét su thay d6i mau cia
chi thi. Thi du chi thi den eriocrom T d6i mau: phirc cta kim loai v&i chi thi trong ving pH < 6 sy
d6i mau cta dung dich khi chuan d6 s& kho nhan thiy. Trong thoi gian nay pH thay d6i tir 7 — 11 s&
d6i mau tir d6 sang xanh, khi pH > 12 tir d6 sang cam.

- K,=63 - Pk
HEL f HLE a=115 |_3_

— -~
Bia Hanh Wang cam
pH 0-86,3 (6,3-11,2) (311.2)

Truong hop phire tap hon do 1a sy tac dung qua lai ciia murexit (HsInd) voi ion kim loai. Sy phu
thudc vao pH cta murexid véi ion kim loai co thé tao thanh phtrc trao doi proton cua thanh phﬁn
MH.Ind, v6i I ¢6 thé 14 2,3 va 4. Thi du: khi chuin do ion Ca?" (hinh 10.9) dang chi thi khong lién

két véi ion kim loai H,Ind™ (do- tim pH < 9), HyInd*" (tim, pH 9,2 — 11) va H,Ind*>" (xanh - tim, pH
>11), khi & can bang véi phuc CaH4IndJr (vang- cam, lg ' =2,6), CaH ;Ind (do - cam, Ig B’ = 3,6),
va CaH,Ind™ (d0, g B" = 5,0). Phu hop v6i hinh 10.9 su thay d6i dot ngdt mau cua dung dich nhan
thiy & pH > 10. Trong nhiing trudng hop nay khi pCa > 3,5 mau chuyén tir d6 sang xanh tim.

pCa

B

pH
Hinh 10.9. Gian d6 phan bé déi véi dung dich murexid khi cé ion calci
1- H ,Ind", d6- tim; 4- CaH ,Ind *, vang— cam;
2-H ,Ind 27, tim; 5- CaH ,Ind, d6 — cam;
3- H,Ind 3, xanh — tim; 6- CaH,Ind -, dé.

2.6.2. Cac chi thi kim loai
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2.6.2.1. Co ché

Céc chi thi kim loai 1a cac cht hitu co ¢6 kha nang tao phirc mau véi ion kim loai. Cac phuc nay
kém bén hon phirc ctia ion kim loai véi complexon. Mau cta chi thi khi tao phtc véi ion kim loai
khac véi mau cia chi thi ¢ dang ty do. Gan diém twong duong complexon 14y kim loai & chi thi giai
phong chi thi ra dang tu do nén dung dich thay d6i mau, bao cho ta biét két thuc dinh luong.

Thi du: dinh luong Ca®" véi chi thi murexid, pH=9 - 11
Ca?" + H,I" 5 CaH,I +2H"
(D6 tim) D9)

Khi nhé complexon xuéng:
Ca?t + HY? 5 CayZ +H'

Gan diém twong duong co sy canh tranh tao phuc
CaH,I” + HY>™ 5 CaY?™ + H,1%~
Do Tim

Céc diéu kién ddi v6i chat chi thi kim loai

Phan tng tao phtrc vai ion kim loai 1a phan trng thuén nghich va mau cia dang ty do phai khac
vO1 mau cua dang phtrc

Mt + Ind™ 5 MInd®m)

Khong mau Mau 1 Mau 2

Ca?" + WP s CaH,I” +  2H'
Khong mau tim Hong do

Phtic cta chi thi v&i kim loai phai kém bén hon phtic ctia complexon vai kim loai.
Mind @™ + Y4 5 MY™H +1nd™
2CaH,I™ + 2H,Y* 5 2CaY?™ + 2H, 1% +2H"
Hong d6 Tim, pH=9 11

Thuong cac chi thi kim loai déng thoi cling la acid da chirc, nén mau cua chi thi thay df)i theo pH
cua dung dich, khi sir dung ta phai c6 dinh pH cua dung dich bang cac h¢ dém thich hop dé phan tng
xdy ra nhanh, hoan toan va mau cua chi thi tu do khac véoi mau cia phuec.

He‘ing sb tao phtrc cua cac chi thi nhu den eriocrom T, murexid vo1 mot sb ion kim loai dugc
trinh bay ¢ bang 10.4; 10.5.

Bang 10.4. Hang sé tao phirc (Ig Ky;,4) ciia NET

M2+ Hang s6 Ig Kying g Kyyy
Ba?* BaL 3,0 7,76
Ca?t CalL 5,4 10,7
Mg2* MgL 7,0 8,70
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Mn?2* MnL 9,6 MnL, 17,6 13,79

Zn?* ZnL 12,9 ZnL, 20,0 16,5

Bang 10.5. Hang s6 tao phirc (Ig Ky;;.4) ctia Murexid

M2+ Hang s6 g Ky g g Ky
Ca?* Cal 5,0; CaHL 14,5; CaH,L 22,7 10,7

Cu?* CuH,L 25,1 18,80
Ni2* NiH,L 24,1 18,62

Nguoi ta c6 thé tinh ving chuyén mau cua chi thi dga vao hang s6 tao phuc ctia céc chi thi voi
ion kim loai.

Thi dy: Tinh khoang chuyén mau cua den eriocrom T & pH = 10 khi chuan do Mg2+. Néu
ngMind =17,0; o g= 3,1. 1072, oLy la ham tao phtrc phu cua chi thi.
Ta biét khoang gi¢i han mau cua chi thi 1a:
pM= t1
' — — 7 2 _

Nhu vay, & pH = 10 khi chuan d6 Mngr mau cua chi thi thay ddi trong khoang:

pMg=5,5 £ 1; tirc la trong khoang 4,5 — 6,5. Qua khao sat duong cong chuan d6 cua Mngr budc
nhdy trén duong cong chuan d¢ voi sai s6 1% la 4 — 5,8, vi vAy co6 thé dung chi thi den eriocrom T
trong chuan d¢ nay.

Véi cach tinqh twong ti khi chudn do Ca®" véi chi thi nay (K, = 5.4) ta c6 pCa = 3,9; 1; tac
la khoang chuyén mau cua den eriocrom T la 2,9 — 4,9, budc nhdy trén duong cong chuan do da
khao sat 1a 4,3 — 8,54 nén dung den eriocrom T cho chuan do Ca?" s& méc sai sb 16n.

Chi thi murexid thuong dung cho chuan do Ca’™ & pH > 10, tinh tuwong ty nhu chi thi den
eriocrom T, ta ¢6 khoang chuyén mau pCa = 6,1 £ 1; tirc la khoang chuyén mau cia murexid la 5,1 —
7,1, budc nhay trén duong cong chuan do da khao sat 1a 4,3 — 8,54 nén c6 thé dung murexid cho
chuan d¢ Ca®*.

Cac chi thi thwong dung

Ben eriocrom T (NET) C,(H;30,N,S. Ky hi¢u H;In
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Chi thi ndy 1a mot acid ba nc, nc mot phan ly kha manh (nhém HSOj). Sy phan ly nac hai va

nac ba nhu sau:
- —
H21rl by

bo

Xanh

+ 2-
H™ + HI,

5 2H"+13

Vang cam

O pH = 7—> 10 chi thj c6 mau xanh (HI ") va tao phtrc v6i Ca?’, Mg?", Ba®*,... c6 mau do

vang.

Murexid (amoni purpurat) CgHeO N H,O. Ky hi¢u H,I"

T
M —C C—
£ W /
0 :C\ C—MN= C\
[ A
H O 0
Murexid phan ly nhu sau
- — + 2— —
H,l har H" + H,l hary
Do tim Tim

=—T
-

I-=_

=0

NH,"

2H' + H213—

Xanh

O pH = 9— 11. Murexid c6 mau tim (H,I?") va tao phite véi Ca?* c6 mau d6 (CaH,I").

Murexid va Pen eriocrom T déu kém bén trong dung dich nén thuong khong pha dung dich sin
ma dung ¢ dang ran (nghién tron voi NaCl).

Kxilen da cam. Kxilen da cam 1a chat mau hitu co ddy triphenylmetanic. Chat chi thi c6 mau
vang. Trong moéi trudong acid ¢ pH nho6 hon 7, n6 dé tao vdi cac ion kim loai (Zn2+, Th(IV), Zr(IV)
v.v.. phtic chat mau dd. Cac cation dugc xac dinh bang chuan do EDTA véi chi thi kxilen da cam la
Fe3*(pH = 1-1,5), Zr*(pH = 1-2), Bi*"(pH = 2-3,5), Zn?"(pH =5-6)...

Kxilen da cam 1a 3,3- bi [ di(cacboximetyl) — aminometyl]- o-krenzolsunfophtalein:

HOOCH:C

CH.CO0H

N—CH,

CH-COOH

Crom xanh den acid. Crom xanh den acid la chat mau azo hitu co:

file://C:\Windows\Temp\kwcijklckga\hoa phan tich.htm 04/01/2013



Bo Y te - Hoa phan tich Page 216 of 225

Cl OH
OH NHCOCH;

M=mM

Cl Cl
S0:Na

Chat chi thi c6 mau xanh. Trong moi trudong kiém né tao vdi cac cation kim loai phirc chit mau
do6 nho. Nguoi ta dung n6 khi chuan do bang cac dung dich complexcon cac cation kém, cadmi (pH
=9-10), mangan (pH= 10), magnesi (pH = 10-11), calci (pH > 12), ...

PAN

PAN la tén tat cta 1-(2-piridinazo) naphtol-2 ¢6 cong thiic cau tao la:

S

o N——HN
M

HQ

PAN dugc dung lam chét chi thi dé chuén do truc tiép nhiéu ion. No tao phirc mau do héng hoac
tim, tim dé v&i nhi€u ion kim loai. Trong khoang pH kha rong chat chi thi tg do ¢6 mau vang.

-Vé6i Bi*": dung dich HNO, ¢6 pH =1-3 chét chi thj d6i mau tir hdng sang vang luc.

- Vi Cd? pH =5 - 6 dung dém acetat, chat chi thi d6i mau tir hong sang vang.

- Vé6i Cu?™: pH =3 - 5 dung dém acetat, can dun t&i 70- 80°C. Chat chi thi ddi mau tir tim sang
vang.

- V6i Zn2t: Dung dich c6 pH khoang 4 - 6 dung dém acetat, chat chi thi d6i mau tir do sang
vang.

PAR
PAR 12 tén tit ciia 4- (2-piridinazo)- resorcin c¢6 cong thirc cau tao la:

OH

S

= N—N

]

OH
4<(Pyridin-2-vlazo}-benzene-1,3-diol

Chat chi thi nay tao phirc mau do hodc do nho véi nhiéu ion kim loai trong khoang pH rat rong
tor 1-11,5. Chat chi thi ty do ¢c6 mau vang nén khi chuan dg truc ti€p cac ion kim loai mau cua dung

dich s& chuyén tir d6 nho sang mau vang. Thi du:

Véi Bi**: pH =1-3, dung dich HNO;.
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Cu?t: pH =5, dung dich dém acetat.
pH = 6, dung dich dém urotropin.
pH = 11,5, dung dich dém amoniac.

Zn*": pH =5 — 11,5 dung dich dém urotropin (pH = 5) hodc dém amoniac (pH =
11,5).

2.7. Sai s6 chuén d¢

Trong cac truong hgp chung, sai s6 chuan do co thé dé dang tim néu biét nong dd chung cua ion
kim loai hay EDTA & diém két thiic chuin d9, lwong ion chuan do f va hang sé bén diéu kién cua

phuc MY®H* Néu diém két thuc chuén d6 dat som hon diém twong duwong thi ndng d6 chung cua
ion kim loai sau khi loai bo trong phire MY D* bang: €, =C ,, (1-D + C’y,

Com
Kpg, % C

Gié thiét riing [MY] = C,, , » suy ra: Cy

Sau khi dat gia tri C'y, va bién dbi ta co:

(1-fy-om 1
GD,M Cpg * K'pry

Sai s6 chuan d6 biéu thi bang phan trim %:
% SS = (1-1) x 100
‘Né'u nhu diém két thic chuin d dén sau diém twong duong CO,M = CO,Y’ ndéng do chung cua
phan khong tao phic EDTA tinh theo cong thirc:

Cy=Cop -1 +Cy

[MY]

m va tinh r’fmg [MY]

Dit gia trj C’y, vao bicu thie cta hing s6 bén dicu kién: K'pry =
1 C
— - }xmm
CMKMY CO,M

= Cg > Sau khi bién déi co “0 55 = (£ ~1)x100=

2.8. Cac k¥ thuit chuin d¢ bing dung dich EDTA

Chuan d6 thang (chuan d6 truc tiép)

Phin 16n cac ion kim loai (khoang 30) ¢6 thé chudn do thdng bing dung dich EDTA véi sy co
mat cua chi thi kim loai. Khi logarit cua hang s6 bén di€u kién.

Alg K* = IgK MY ngMgY khac nhau trong khoang 4 don vi, c6 thé lién tiép xac dinh vai
nguyen t6 trong dung dich. Trong truong hop nay can thiét sir dung hai chi thi kim loai cho mdi mot
ion ctia minh. Thuc té day la diéu kién kho thyc hién vi sy khac nhau mdt it hi¢u ing mau (hai chi
thi kim loai va hai phirc v&i chiing), vi vy tinh chon loc ctia chuan do complexon ting bang cach
tach ra hay che céc chit can tré. Phuong phap don gian che 1a thyc hién trong su thiét lap tinh acid
tuong tng cua dung dich chuén d6. Thi dy Fe3", Th**chuan do trong moi truong acid pH 2, ion 2
dién tich & diéu kién nay thue té khong can trd. Trén hinh 10.8 chimg minh rang trong gia tri pH t6i
thiéu c6 thé dé dang chuan do cac ion kim loai.
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Phuorng phap che b?lng cach tao phirc voi cac chat tao phirc la duoc st dung rong rai. Trong
nhom nay thi du nhu cdc ion florid, pirophotphat, citrat, triethanolamin... Phuong phap che c6 thé
thay d6i mirc 46 oxy hoa cua nguyén t6 xac dinh hay nguyén t6 can trd. Mot sb thi du trinh bay &
bang 10. 3.

Bang 10.3. Phu’o’ng phap che nh& cac chat
tao phirc khi chuan dé mot s6 ion kim loai biang dung dich EDTA

lon kim loai Chi thj kim loai Chét che lon khéng can tré xac dinh
xac dinh
Zn (1) Cd(Il) 1-(2-Piridinazo)- Fluorid ion, pH 5-6 | Ca(ll), Mg(Il), Mn(lI),
naphtol-2 Fe(lll), Sn(lV), Th 1V)
Pb (I 4—(2-Piridinazo)- Triethanolamin, Cu(Il), Ni(ll), Co(ll), Zn(ll), Cd(Il), A
resorcin cyanid, tartrat ion, | (lll), Fe(lll), Bi(lll), Sn(1V)
pH 10
Mo (V1) 1-(2— Piridinazo)- Tartrat,fluorid ion, | Ti(1V), La(lll), Ce(lll),
naphtol-2 pH 4-5 Th(IV), AI(III).

2.8.2. Chudn dé ngwoc

Dya trén nguyén tic cho mot lwong du EDTA va sau do xac dinh luong du, thuc hién trong
nhitng truong hop khi phan tng tao phttc vé1 EDTA xay ra ch@m hay khong co6 chi thi thich hop dé
xdc dinh diém két thic. Thi dy phire ctia Cr’* dong hoc tro, do d6 phirc véi EDTA dugc tao thanh rat
cham. Sau khi cho lugng thira EDTA va dun nong dé crom két hgp hoan toan thanh complexonat.
Tién hanh chuan d§ du EDTA ¢ gia tri to1 thiéu pH (pH: 1,5 — 2) bang dung dich chuan Fe (III) ma
khong can chi y rang phtre FeY™ bén hon phirc CrY~ mot bac. Phan tng trao dbi CrY~ + Fe3*
FeY + Cr>" xdy ra sau thoi gian, can thiét dbi voi chudn do, thuc té khong xay ra.

Phuong phap chuan d6 nguoc tién loi hon khi xac dinh céc ion kim loai ¢6 mit cac anion ma né
tao voi ion kim loai can xac ding 1a hop chét it tan. Thi du nhu c6 thé xac dinh Pb2" khi ¢6 sy hién
dién ciia SO5™; x4c dinh Mg?* khi ¢6 ion PO~ ... EDTA ngin can sy tao tia. Lya chon ion kim

loai déi v6i chuan dg thuwa EDTA trong phuong phap chuén dd nguoc chi y hai diéu kién: hai ion
nay can tao phuc chat co6 mau voi chi thi kim loai; hang s6 bén dicu kién cua phic vo1 EDTA can
phai thap hon ctia phitc EDTA véi ion can xac dinh, nhung khong duoc thap hon K’ = 108

2.8.3. Chudn dé gidn tiép

Phuong phép nay dung dé xac dinh cac nguyén td, anion khong tao phirc véi EDTA. Khi xac
dinh cac anion nhu sunfit, sunfat, phosphat... Tao tiia chung bang luong du dung dich chuan ctia mét
ion kim loai nao do, tia dugc tach ra va trong dich lgc chuan do b?lng dung dich EDTA, lugng thira
cua ion kim loai, khong tao tiia v6i ion can xac dinh (anion). Co thé tién hanh sy xac dinh cac ion
theo lwong thira cta ion khac, ma xac dinh bang chuan do tao phirc sau khi hoa tan tia vao nhimg
ion x4c dinh va chuin d6 vao thanh phan dé & mot lugng tinh thich hop.

Thi dy: Pinh lugng 803~ két tua anion bang mot thude thir chia cation thich hop: cho du
BaCl,

Ba?" + 803~ — BaSO,

Sau d6 dinh lugng cation con lai trong nude loe, nude rira, hodc loc rira tua roi hoa tan tia trong
EDTA du, dinh lugng EDTA con lai bang MgSO,, hoac ZnSO,,.
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2.8.4. Chudn dp thé
Duya trén phan tng ma trong d6 ion can xac dinh cta kim loai M, "thay thé ion cua kim loai
M,"" ma n6 kém bén hon phitc voi EDTA
M : n+ + MzY(4—m)— BN M . Y(+—n) + M2m+
Ton thay thé cua kim loai M2er vé luong twong duong (dwong luong) voi M, chuan d6 bang
dung dich EDTA véi su c6 mat cua chi thi kim loai thich hop.

Thi dy: Dya trén co so Mngr tao phirc voi complexon phirc chit kém bén (pK = 8,7) so véi da sd
cac cation khac (Caz+, pK = 10,7). Bé dinh luong Ca?", ta thém Mng_ vao dung dich réi chuan d6
Mngr bi day ra bang dung dich chudn EDTA.

Ca?t + Mng_ 5 CaY? + Mngr

Mgt + HY 5 MgY> + H'
Thtra

suy ra Ca2" ¢6 trong mau.

TeV

complexon
2.9. Dung dich chuin dung trong phwong phap complexon
2.9.1. Pha dung dich chudn complexon III

- Truong hop c6 complexon tinh khiét hod hoc: cAn mot luong chinh xac complexon, pha trong
nudc voi thé tich xac dinh.

- Trudng hop khong c6 complexon tinh khiét, pha dung dich c6 nong d¢ xép xi, sau d6 xdc dinh
lai nong do.

2.9.2. Xdc dinh nong dp complexon III

Pé xac dinh nong do complexon nguoi ta dung calci cacbonat tinh khiét hoa hoc, ZnO tinh lghiét
hoa hoc hay MgO tinh khi€t hoa hoc. Hoa tan mot luong cén chinh xac da tinh trudc cua cac chat dé
trong mot it acid (néu 1a CaCO;, MgO hoa trong HCI tinh khiét, néu la ZnO hoa trong H,SO, tinh

khiét), sau d6 cho nudc dén thé tich xac dinh. Chuan d6 dung dich complexon bang cic dung dich
vura pha nhu CaCl,, MgCl,, ZnSO, véi céc chi thi thich hop.

2.10. Ung dung ciia phwong phap complexon
2.10.1. Pinh luwong Ca’*
. Phuong phap complexon xac dinh calci dya trén phwong phap chuan do truc tiép cac ion cua né
bang dung dich chan EDTA vaéi chat chi thi murexit hay crom xanh den acid. Chat chi thi tao v6i ion

calci phirc chat mau do. Khi chuan d6 bang EDTA, ¢ diém twong duong mau d6 chuyén sang mau
dac trung cua chat chi thi tu do.

Khi chuan d¢6 mubi calci bang EDTA, xay ra su tao phuc CaY?™ va acid:
Ca?t + H,Y? 5 CaY? +2H'

Phte tao thanh CaY?~ tuong d6i khong bén:
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[Ca® 1Y%

=310t
[CaY?]

Dinh lugng calci tién hanh & méi trudng kiém manh pH > 11
2.10.2. Xac dinh d¢ cirng cia nwoc

D0 cling cua nudc dugce bi€u thi bang s6 mili duong lugng gam canxi va magne trong 1 lit nude.

D0 cing toan phan cua nudc l1a tong muoi calci va magnesi tan trong nudc. Co thé xac dinh do
cing toan phan bang complexon III vé1 chi thi den eriocrom T.

Léy mau nudc can dinh lugng, cho thém chi thi den eriocrom T & pH = 10, chi thi sé tao phuc
mau d6 vang v6i mot phan Mngr trong mau. Khi nhé EDTA vao, EDTA s& phan tmg véi Ca" ty do,
sau do voi Mngr tu do (vi phuc CaY? bén hon phuc Mng_), dén diém twrong duong EDTA sé& pha
phtrc cua chi thi voi Mg2+, giai phong ra chi thi ty do c6 mau xanh.

2.10.3. Pinh lugng F&>*

Trong moi truong acid (pH: 2 — 3), EDTA tac dung véi Fe3™ tao phtrc c6 mau vang nhat FeY .
Néu dung chi thi 1a acid salicylic hay acid sulfosalicylic & pH d6 né tac dung véi Fe3™ tao thanh
phtrc c6 mau tim d6. Trong diéu kién nay AI’", Ca®", va Mg?" khong can tr& viée xdc dinh Fe>™. Tai
diém tuong duong mat mau tim dé va dung dich c6 mau vang nhat.

2.10.4. Dinh lwong BaZ": (theo phuwong phdp chuin dé ngwec)

Cho Ba%" can dinh lugng tac dung v61 mét lugng du chinh xdc EDTA. Dinh luong EDTA du
bang dung dich Mg2+.

2.10.5. Dinh lwong SOE_: (phwong phdp gidn tiép)

Cho BaCl, du dé két tiia hoan toan $0F"

Ba?® + 8077 5 Baso,l
Dinh lugng Ba?" con lai bang complexon III. Dé quan sat dé dang sy chuyén mau cta chi thi,
thém vao dung dich mét luong Mg?" nhét dinh va qua trinh dinh lrong dugc tién hanh hoan toan
tuong ty nhu dinh lugng d6 cing toan phan cua nudc.

2.10.6. Dung trong phdan tich dung cu

Phép so mau, do quang.

TU KHOA
- Phirc chét - Hang s6 tao phuc
- Phirc chat cong - Hang s6 bén diéu kién
- Phitc chét noi - Complexon

file://C:\Windows\Temp\kwcijklckga\hoa phan tich.htm 04/01/2013



Bo Y te - Hoa phan tich Page 221 of 225

- Hang s6 khong bén - Chi thj kim loai
CAU HOI LUQNG GIA

. Néu dinh nghia phirc chét, phirc chat cong, ndi phirc, cho thi du minh hoa.

. Phan tich y nghia ctia hing s tao phirc, hang sé khong bén cua phirc, hing sd bén diéu kién.
. Trinh bay phan loai cua chi thi dung trong phuong phap tao phurec.

. Néu céc yéu cau cua chi thi kim loai.

. Trinh bay ¥ nghia ctia hang s6 bén diéu kién.

. Hiy phan tich anh huong cua pH dén can bang tao phic.

. Lam thé nao dé tang tinh chon loc cua chuén do tao phuc?

R NN N A WN -

. Trinh bay trng dung ctia phan ing tao phuc trong phan tich.

9. Néu nguyén tic ctia phuong phap complexon, giai thich dwong lugng cua ion kim loai trong
phuong phép complexon?

10. Dinh nghia complexon. Néu tinh tao phirc cua complexon III.
11. Trinh bay céc phuong phéap phat hién diém két thiic chuan do.

12. Néu co ché chuyén mau cua chi thi kim loai; Tén cac chi thi thudng ding trong phuong phap
complexon.

13. Trinh bay céc ki thuat chuan d6 bang complexon.
- Chuan d6 thang. - Chuan d6 thé.
- Chuan d6 gian tiép. - Chuéan nguoc.
14. Néu tmg dung cta chuin do complexon trong phén tich.

CAU HOI TRAC NGHIEM

1. Phirc chét 1a nhitng hop chét phan tr duoc tao thanh do........... nbi voi cac phdi tir
a. mot ion

b. mdt cation

¢. mot kim loai

d. mdt vai ion kim loai

e.mot nguyén tir

2. Tinh chét dic trung cta ndi phirc 1a
a. mau dac trung

b. dd bén cao

c. do tan trong dung méi htru co 16n
d. tat ca cac cau trén ding

e. khong cau nao dung

3. Complexon III 1a
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. dan xuat cta acid aminopolycarboxilic

o

on

. acid nitril triacetic

c. acid etylen diamin tetraacetic

d. mudi dinatri ctia etylen diamin tetraacetic

e. cac hop chét hitu co

4. O pH 4 -6 EDTA phan ly ¢ dang:

a. HyY' c. H,Y* e. Y
b. H,Y™ d. HY?~

5. Chi thi kim loai 14 chi thi lam thay d6i mau phu thudc vao

a. hang s6 bén ctia complexonat d. ndng d6 ciia EDTA

b. hing sd bén diéu kién cta chi thi e. ndng do cua ion kim loai
c. dang phan ly cia EDTA

6. Dinh luong Fe3t bang phuong phap comlexon ding chi thi

a. den eriocrom T c. kxilen dacam e. acid salicylic

b. murexit d. crom xanh den acid

7. Pinh lugng Ca®" véi chi thi murexit thyc hién & moi trudong

a.pH> 12 c.pH=9-11 e.pH=7
b. pH=7-8 d.pH<3

8. Chi thi den eriocrom T ¢ pH = 6,3 -11,2 c6 mau

a. xanh Cc. vang cam e. do cam

b. do d. tim
9. Chi thi dung ¢ dang ran

a. den eriocrom T c. acid salicylic e. cau a,b,c

b. murexit d. caua,b

10. Dinh lvong BaZ" bang phurong phap complexon dung k¥ thut chuan do
a. truc tiép C. nguoc e. gian tiép — thira trir

b. thé d. gian tiép

DAP AN CAU HOI TRAC NGHIEM
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Cau
Chwong
1 2 3 4 5 6 7 8 9 10
1 b c e d d
2 d a e d a
3 d c c c d b e c c b
4 c e a a C a a
5 d e b a e b e
6 b d a e
7 c b e c e c e d a e
8 a c e c d a b c d e
9 c a b b a e a a c b
10 c d d c e e C a d C
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25. http://www.science.uwaterloo.ca/~cchieh/cact/applychem/reactivity.html

Chiu {rdch vnhiém xudt !)dn.' . o
Chu tich HDQT kiém Tong Giam doc NGO TRAN Al
Pho Tong Giam doc kiém Tong bién tap NGUYEN QUY THAO

i Chiu trdcﬁ nhiém ngi dung: .
Chu tich HDQT kiém Giam doc Cong ty CP sach Dai hoc - Day nghe
TRAN NHAT TAN

Bién tap va sua ban in:
VUGONG MINH CHAU

Trinh bay bia:
BUI QUANG TUAN

Ché ban:
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HOA PHAN TICH - TAP 1

Ma sd: 7K725M7 — DAI

In 1.000 ban, (QD: 96), khd 19x27 cm, tai Cong ty CP In Anh Vigt.

Dia chi: S6 74, ngd 310 duong Nghi Tam, Tay Ho, Ha Noi
SO DKKH xuit ban: 874-2007/CXB/5-1918/GD

In xong va ndp luu chiéu thang 1 nim 2008
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