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DANH MUC KY HIEU VIET TAT

Ky hiéu viét tat Tiéng Anh Tiéng Viét
KbM Khoang d6i mau
CCT Chét chi thi
HPT Hoa phan tich
PTN Phong thi nghiém
LOD Limit of Detection G161 han phat hién
LOQ Limit of quantitation G161 han dinh lugng

Cac bwédrc co ban trong phan tich héa hoc

Qua trinh phan tich thuong bat ddu véi nhitng cdu hoi khong lién quan truc tiép t6i héa hoc

phan tich. Cac cau hoi co thé 12 “Ngudn nudc ndy c6 an toan dé sir dung trong sinh hoat hay

khong?” hay “Loai thuc phidm nay c6 an toan cho nguoi st dung hay khong?”. Cac nha khoa

hoc chuyén doi nhitg ciu hoi niy thanh cac phép do cu thé can thiét phai thuc hién. Vi thé,
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cac nha phan tich hoa hoc da lya chon hay dé xuit ra qui trinh dé thyuc hién cac phép do dac

nay.

Khi cong viéc phan tich duoc hoan tat, cac nha phén tich phai chuyén két qua sang dang dé

moi nguoi khac co thé hiéu duge. Tinh ning quan trong nhat cua bat ky két qua nao 1a gidi

han ctia n6. Do tin cay cua két qua nhu thé nao? Néu chung ta 1dy miu theo nhiing cach khac

nhau, két qua nhan duoc c6 gidng nhau khong? Néu nhu mot lugng rat nho (lugng vét) cia

chit phan tich dugc tim thdy trong méu, thi cau hoi c¢6 thé 1a d6 1a lugng nhé chét phén tich

hay chi 14 sai s6 ctia phép phén tich? Chiing ta chi c6 thé dua ra két luan cudi cung sau khi c¢6

két qua phan tich va gidi han phan tich dinh luong ctia n6 [1,2]

Chiing ta c6 thé tom tat cac buéc co ban trong qua trinh phan tich nhu sau:

Xay dung cau hoi

Chuyén cac cau hoéi chung thanh cau hoi riéng dé co thé tra 161 duogc

bang phan tich hoa hoc.

Lua chon qui trinh

Nghién ciru céac tai liéu tham khao hoa hoc dé tim ra qui trinh phan

phan tich tich hodc néu can thiét dua ra qui trinh phén tich va cac phép do can
thiét
Lay mau Lay mau 14 qua trinh Iya chon mau dai dién dé phan tich.

Chuan bi mau

Chuan bi mau 14 qua trinh chuyén mau dai dién thanh dang thich hop
dé phan tich, thuong 13 hoa tan mau. Cac miu c6 ndng do thip can
dugc lam giau trude khi phéan tich. Poi khi can thiét phai tich hodc

che céc chit gay nhiéu cho qua trinh phén tich.

Phan tich

Viéc phan tich xac dinh néng dd duoc thuc hién nhiéu lan giéng nhau.
Muc dich cta sé lan l3p 1a dé danh gia kha nang thay d6i cua phép
phan tich va chéng lai sai s6 khi phép phan tich chi dugc thuc hién
mot 1an. P khong dam bao ciia phép do 14 quan trong nhu khi thuc
hién phép do, béi vi no chi ra do tin ciy cua phép do. Néu can thiét, st
dung cic phuong phap phan tich khic nhau trén cing mot mau dé

dam bao rang cac phuong phap khac nhau cho két qua nhu nhau.

Bdo cao va giai

thich

Ghi day di cac két qua, néu bat nhitng han ché ma ban gan cho chung
trong bao cdo. Bao cdo co thé duoc viét cho mot chuyén gia doc (vi du
ngudi huéng dan ban) hay duoc viét cho ngudi doc néi chung, vi thé

bao cao dua ra phai phu hop voi nguoi doc.

Rut ra cac két luan

Cac bao cao phai dwgc viét mot cach ro rang. Cac két luin dwa ra

dwa trén két qua phan tich va né phai cé tinh chat ché, logic.




Kha ning thyc hanh tot trong phong thi nghiém ciia sinh vién s& dugc cai thién néu trudc khi
lam thi nghiém, sinh vién dau tu thoi gian dé doc can than va hiéu cic bude tién hanh trong
bai thi nghiém ciing nhu khi nao thi thyc hién cac budc thi nghiém do6. Hi€u qua nhit 1a viéc

nghién clru va ké hoach phai duoc thuc hién trudce khi sinh vién budc vao phong thi nghiém.

Phan thao luan dua ra dudi day c6 muc dich giup sinh vién phat trién k§ ning lam viéc c¢6
hiéu qua trong phong thi nghiém ciing nhu cung cap cho sinh vién nhiing théng tin chung vé

Hoa phan tich trong phong thi nghiém.
Cac thong tin co ban

Trude khi bat dau lam thi nghiém, sinh vién phai hiéu nhimg diéu dang cha y & mdi budc
trong qui trinh phan tich dé tranh cac sai s6 mac phai trong cac phuwong phap phan tich. Sau
khi doc céc tai li€u tham khao, tai liéu hudng dan, néu sinh vién van con chua 16 & mot hay
mot vai bude trong qui trinh thi nghiém, hiy hoi gido vién huéng dan cta minh trude khi lam

thi nghiém.
D0 chinh xac cia cac phép do

Xem lai toan bd qui trinh phan tich, xét xem nhitng phép do nao phai thuc hién véi dd chinh
xac cao nhat va s& thuc hién véi sy can than tdi da, nhiing phép do nao phai thyc hién nhanh
va khong can qua chinh x4c. Thong thuong, cac phép do xuét hién trong phuong trinh tinh
toan ra két qua phai thuc hién voi do chinh xac cao nhat. Nhitng phép do con lai c6 thé hoic
phai thyc hién nhanh dé tiét kiém thoi gian. Nhitng tir nhu “khoang” va “xép xi” chi ra rang
khong phai thyc hién phép do mot cach chinh xac. Ban khong phai mét thoi gian va nd lyuc

cho cac phép do khong can chinh xéc.

Trong mot sb qui trinh, vi du nhu “can 3 mau, mdi mau khoang 0,5 g v6i do chinh xéc toi
0,Img”. 6] day khdi lugng céac mau c6 thé chép nhan tir 0,4 dén 0,6 g, nhung do chinh xac
ctia luong can phai 1a 0,1 mg. S6 luong cac con sé dang sau dau phay cua thé tich hay khoi
luong ciing chi ra cho chung ta thay phai ldy mau can than nhu thé nao. Vi du, “thém 10,00
ml mot dung dich vao cbc c6 mé” chi ra rang ban phai ldy mot thé tich chinh x4c bang buret
hay pipet, voi myc dich cé dugc sai sb ¢6 thé 1a 0,02 ml. Nguoc lai, néu ngudi hudng dan

n6i “thém 10 m1”, nhu vdy ban c6 thé lay bang 6ng dong.



Str dung thoi gian

Ban phai nghién ctru k¥ thoi gian can thiét cho cac giai doan trong qui trinh phan tich trudc
khi bat dau thi nghiém. Vi du, thoi gian say kho trong 16, thoi gian 1am ngudi trong binh hut
am hay thoi gian dé bay hoi... Cac nha hoa hoc ¢ kinh nghiém c6 thé lap ké hoach dé 1am
cac thi nghiém méi trong thoi gian chd doi. Mot s ngudi di thay dugc su hiru ich khi viét ké

hoach chi tiét trong cac giai doan lam thi nghiém.
Thubc thir

Khi pha ché hoa chat, thudng kém theo nhiéu thu tuc. Kiém tra xem cac hoa chat da duoc

chuan bi trén gia chua dé c6 thé sir dung cho cac muc dich chung.

Tuén theo cac ndi qui an toan trong phong thi nghiém, nhat 13 khi phai lam viéc véi cac hoa
chat doc hai. Can nghiém tac tuan thi cac yéu cau khi thai cac chat thai dang 1ong hay ran
trong phong thi nghiém. Cac yéu cau nay tily thudc vao cac phong thi nghiém va tiy thudc
vao timg dia phuong, qudc gia.

Nuoc

Mot sb phong thi nghiém st dung nudc qua trao doi ion dé c6 nude tinh khiét, mot s6 phong
thi nghiém lai str dung nudc cat. Thuat ngit “nudc qua trao d6i ion” (deionized water) hay
“nudc cat” (distilled water) duge sir dung thay thé cho nhau. Ca hai loai nay déu thoa man

cho cong vi¢c phan tich.

Bai 1. Hwéng dan cach sir dung héa chat, thiét bi trong Hoéa phan tich
1.1. Viéc Iwa chon va str dung thudc thir va héa chét

Do tinh khiét ctia thude thir co y nghia quan trong khi mudn c¢6 duge do chinh xac cao trong
bét ky phép phan tich ndo. Do d6, tity thudc muc dich ciia phép phan tich ma lya chon thudce

th v61 cac tiéu chuan da dé ra.

Céc chat chuan gdc, yéu cau do tinh khiét cao va thuong dugc kiém tra k¥ cang boi nha cung

cap, cac tap chat néu c6 dugc in trén nhan.

Céc hoa chat duge chuan bi sin cho cac ung dung cu thé ciing co thé co san.

Céc hoa chat dé bay hoi nhu NH3, axit dac HCI, HNOs... khi st dung phai ¢ trong ti hut.



1.2. Cac dung cu, thiét bi thwong dung trong phong thi nghiém phan tich
1.2.1. Can phén tich

Can phan tich 1a mot thiét bi tinh vi nén ching ta phai sir dung rat can than (hinh 1.1). Hay
hoéi nguodi hudng dan cua ban cach sir dung trude khi ban can mau. Tuan thi cac qui tic lam
vi€c vdi can phan tich dudi day:

- Pt vi tri cia vat can can & trung tam cua dia can.

- Bao vé can khéi su dn mon. Céc vat can dé trén dia phai dugc han ché dé khong phan tng
v6i kim loai, nhua va thuy tinh.

- Khi can chat 1ong khong dn mon, khong bay hoi ¢6 thé can truc tiép bang cach sir dung lo
can c6 nut day vua khit.

- Khi can cic chét 1ong bay hoi va c6 tinh an mon thi n6 phai dugc dung trong 6ng thuy tinh
kin. Ong thuy tinh dugc 1am nong 1én va dau dng dugc nhing vao mau, khi ngudi, chat long
ngung tu trén 6ng. Ong thuy tinh sau d6 dugc quay nguoc tro lai va dau éng duge bit kin
bang ngon lira nho. Ong thuay tinh va chét 16ng chira trong d6, ciing véi phan thay tinh bi tach
ra (néu c6) trong qué trinh bit kin duogc 1am ngudi dén nhiét d6 phong va can. Ong thuy tinh
sau d6 duoc chuyén dén binh chira yéu cau va duoc lam v& dé chét 1ong thoat ra.

- Giit cén sach, co thé six dung chdi long dé 1am sach bui va céac chat rin r6t ra ngoai khi can
(hinh 1.1f).

- P4i v6i cac miu can can vira bi siy hay nung nong, phai lam ngudi vé nhiét do phong trudc

khi can.

Huéng dén cu thé:
- Trudc khi bat can phén tich, hdy chic chin 1a nhiing canh cira di dugc dong va dia
can khong cham vao bat ctr vat nao.
- Sau khi bat, cac s trén bang dién tir s& dugc hién thi (hinh 1-1a).
- Bat mot lan nita néu nhu phan bang s dién tir dé doc van chua hién thi 0,0000 g.
- Diat mau can can vao chinh giira dia can va dong cira (hinh 1.1b).
- Doi cho céc sb hién thi 6n dinh va doc két qué (hinh 1.1e).

- Lay mau can ra va déng kin ctra can lai néu can thiét.



(d)

Hinh 1.1. Huéng dén siv dung cin phén tich dién ti
1.2.2. Lo cén

Chét rén rat thuan tién dé siy kho va chira trong lo can. Céc lo can c6 thé 1am bang thily tinh

hay nhya (hinh 1.2)

(b)

Hinh 1.2. Lo cén bang thiiy tinh (a) va nhwa (b)



1.2.3. Binh hiit 4m
Say kho 1a mot cach phd bién dé loai bo 4m khoi chat ran. Qua trinh nay s& khong loai bo
nuée két tinh hay phan hay chét can sdy. Cac chét sau khi duoc say kho s& duoc lam ngudi

trong binh hit am.

(a) (b)

Hinh 1.3. Binh hit Gm thwong (a) va binh hut ém chan khong (b)

C6 hai loai binh hat am: binh hit 4m thuong (hinh 1.3a) va binh hit 4m chan khong (hinh
1.3b). Luu ¥ van & binh hat am cho phép tao méi truong chan khong bén trong binh.
Silicagel c6 thé sir dung dé lam kho khong khi trong binh. Né dugc dé phia dudi day cta binh
hat 4m (duéi dia ciia binh hit am).

1.2.4. Gidy loc

Gidy loc 1a loai gidy dic biét c6 kich thudc mao quan nhat dinh dé chét long c6 thé di qua va
¢6 do min thich hop. Thudng chiing ta dung loai gidy loc khong tro, nghia 1a sau khi nung,
khéi luong tro con lai khong dang ké. Gidy loc khong tro dugc san xuat tir soi xenlulozo
duge xir 1y voi hydro cloric va hydrofluoric axit dé loai bo cac kim loai va silica. Sau d6
amonia dugc sir dung dé trung hoa cac axit nay. Phan du mudi amonium con lai trong gidy

loc c6 thé duoc xac dinh bang phuong phéap Kjeldahl [1,3]

C6 nhiéu loai gidy loc khong tro, chung ta thuong phén biét chung bang mau sic trong hop

dung.

- Giéy loc bang xanh: rat min, chay cham, dung dé loc céac két taa kich thudc hat nho.
- Gidy loc bing trang, bang vang: d6 min vira phai, toc d6 chay trung binh.

- Gidy loc bing do: 15 to, chay nhanh, ding dé loc cac két tia kich thudc 16n.




(a) (b)

Hinh 1.4. Gidy lpc dwoc gip dang rinh (a) va dang non (b)

(@) (k) M (m)

Hinh 1.5. Cdch gip gidy loc dang ranh
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Cich gip gidy loc

Chung ta c6 thé gap gidy loc theo hai cach: gap gidy loc dang ranh (hinh 1.4a) hodc dang nén
(hinh 1.4b). Gap gidy loc dang ranh tao dugc nhiéu ranh va cho phép chét long di qua gidy
loc nhanh chong ddng thoi ¢ dién tich bé mit 16n hon khi gap gidy loc dang hinh nén. Tuy

nhién, chit rin ciing d& dang duoc tach ra béi gidy loc gip dang hinh nén.

Hinh 1.5 chi ra cac budc gap gidy loc dang ranh. Dau tién ta gap hinh tron thanh mot nira (a),
r0i mot phéan tu (b, ¢). Can than véi cac nép gip, khong miét qua manh vao cac ranh boi sé
lam gidy loc c6 thé bi rach sau d6. Tiép tuc cac nép gip dé tang sb ranh cua gidy loc (d-h).
Chung ta thdy gidy loc dugc gip nhu hinh cai quat gidy (i). Cudi ciing ta mé chiéc quat gidy

ra va s& co gidy loc dang ranh (m).

Dbi vai cach gap gidy loc dang non, dau tién ta ciing gap thanh mot nira, rdi thanh mot phan
tu nhu v6i gidy loc dang ranh. Bay gio gidy loc da duoc gap lai thanh bon 16p, mé n6 thanh
dang hinh non (giéng nhu chiéc nén vay). Chung ta tham udt phéu loc khi dit vao phéu.

1.2.5. T siy, 10 nung

Céc thiét bi gia nhiét nhu tu sdy, 10 nung c6 thé dat ché do nhiét nhu téc d6 gia nhiét, thoi

gian luu & nhiét d6 nhat dinh, téc d6 giam nhiét do...

oy

l §

! e
:_1 g 'u - .
e . I

(b)
Hinh 1.6. Thiét bi gia nhigt: tii sdy (a) va 16 nung (b)
1.3. Phép do thé tich
Viéc do chinh xac thé tich 1a cong viéc quan trong trong nhiéu phwong phap phén tich va no

cling quan trong nhu vi€c can chinh xac khoi lugng vay.

Pon vi cua thé tich 1a lit (L), dugc dinh nghia 1a 1dm?®. Mgt mililit (mL) 1a 1/1000 L va duoc
sir dung véi cac thé tich nho, phd bién trong phan tich thé tich.
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Thé tich chiém chd ciia mot chit 1ong bat ky phu thudc vao nhiét d6. Hau hét cac thiét bi,
dung cu do thé tich duoc 1am bﬁng thuy tinh. Thuay tinh 14 loai vat liéu c6 hé sb gian nd vi
nhiét nho. Didu nay c6 nghia 1a ching ta khong can quan tim t&i sy thay doi thé tich cia cac

dung cu chira chat 1ong (dung méi la mede) theo nhiét @6 trong cac phép phén tich.

Cac phép do thé tich duoc thuc hién boi cac dung cu thuiy tinh phai duoc dé cap 6 nhiét do
chuan, thuong 14 20 °C. Béi vi, nhiét d6 méi truong cta hau hét cac phong thi nghiém la
trong pham vi 20 °C va chung ta c¢6 thé han ché viéc hiéu chinh cac phép do thé tich. Tuy
nhién, khi do thé tich cac chit 1ong hitu co, sy gidn nd vi nhiét cta chat hiru co 14 16n, nén
thuong doi hoi viéc hiéu chinh khi nhiét d thay ddi trén dudi 1°C.

Viéc do thé tich thuong dugce thue hién véi pipet, buret va binh dinh mirc. Nhiét d6 trong qua
trinh chudn hoa cac dung cu nay dugc ghi trén nd.

1.3.1. Pipet

Pipet cho phép chung ta chuyén chinh xac mot thé tich biét trudc tir mot binh chira nay sang

mot binh chtra khac.

(2) (b) (©)

Hinh 1.7. Cac logi pipet: logi thwong (a), dinh mirc (b), logi tw djng (c) va ddu cén cho pipet tw dong (d)

Céc loai pipet ph6 bién trong phong thi nghiém nhu pipet 1, 2, 5 va 10 mL (hinh 1.7a) thudng
duogc 1am bang thuy tinh. Loai pipet thuong 1a nhitng dng thiy tinh hinh try duoc chia nhiéu
vach. Ngoai ra con c6 loai pipet dinh mrc, 1a loai c6 bau to & gilra con hai dau vubt nho vai
mot vach mirc ¢ phia trén hodc hai vach muc ¢ phia trén va phia duéi (hinh 1.7b). Pipet dinh

mirc chi cho phép 14y chinh xac mot thé tich chét 16ng nhét dinh.

Ngoai cac loai pipet thuong, pipet dinh mirc, ngay nay nguoi ta con sit dung cac micro pipet
tu dong trong phong thi nghiém (hinh 1.7¢). Cé loai micro pipet chi ldy dugc mot thé tich
nhéit dinh nhu 20uL, 50 pL, 100 pL. Ciing c6 loai ¢6 thé 14y duoc trong mot pham vi thé tich,
vi du nhu 1 dén 10 pL hay 0,100 mL dén 5,000 mL. Cac loai pipet tuy dong nay duoc gin véi

dau con (hinh 1.7d), thuong dugc lam bﬁng nhya va st dung mét lan.
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St dung pipet:

Pé 14y chit long ching ta sir dung qua bop cao su, khong duge hat bang miéng (hinh 1.8a).
Dung dau ngén tré dé diéu chinh muc chét 10ng trong pipet (hinh 1.8b). Luu ¥ trude khi sir
dung pipet phai rira sach pipet, trang pipet ba 1an bang chét long can ldy. Néu nhu chét long
van con bam vao thanh sau khi chat 1ong di qua pipet thi ching t6 pipet chua sach (hinh
1.8¢). Pipet sach 1a khi trang bang chat 1ong thi pipet tron va khong bi dinh chét 1ong (hinh
1.8d).

(b) (c) (d)

Hinh 1.8. Mt sé thao tic véi pipet

1.3.2. Buret

Hinh 1.9. Buret (a) va khoa van ciia buret (b)

Buret cho phép chiing ta chuyén bat ky mot thé tich nao co thé 1on t6i dung tich cta buret
sang modt binh chira khac. V& céu tao, buret co dang 6ng duoc chuin hoa, chia vach do thé
tich va c6 thém mot khéa van (hinh 1.9a) dé c6 thé diéu chinh chét long di xubng. Buret dugc

lip bang gia dé buret (hinh 1.9b).
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Str dung buret:

Yéu ciu khéa buret phai kin va tron, néu can thi b6i khéa véi mot 1é¢p moéng vaselin dé
tang do6 kin va tron. Vé do sach, cling nhw khi thir v&i pipet, néu dé chat 16ng vao buret,
sau khi chat 16ng dwoc thdo qua van bang cdch mé khoa, néu trén thanh buret van con

dinh giot chit 16ng, chirng té buret con ban.
Trang dung dich can nap lén buret ba lan trwéc khi nap day dung dich 1én dé chuin dé.

Lwu y sau khi nap dung dich 1én buret phai dudi hét bot khi (trén hinh 1.9a chung ta c6

thé thay van con bot khi & khéa van) va chinh vé vach 0 truéc khi chuan dd.
Cich doc mirc chit léng trén buret, pipet:

Miic chit 16ng trong buret hay pipet c6 dang khum (hinh cu 16m), khi doc mirc chat long nay
phai dit mét thing voi mat khum cua chat 1ong thi phép do thé tich méi chinh xac va nhu
nhau trong moi 1an doc [4]. Néu chiing ta dat goc nhin cao hon mit khum cua chat 1ong thi
gia tri thé tich doc duogc sé thép hon gia tri thé tich thuc té cia mirc chat long. Nguoc lai, néu
ta d4t goc nhin thdp hon mat khum ctia chat 1ong thi gia tri thé tich doc dugc s& cao hon gia

tri thé tich thuc té ciia muc chat 1ong (hinh 1.10).

H"""--..\_ ,—f
T | —
i T '
- — . mirc dung
.--""'"—’F

Hinh 1.10. Cich doc mirc chat long
1.3.3. Binh dinh murc

Binh dinh muc duoc san xuat voi dung tich tir 5 mL dén 5L, thuong dugc chuan hoa bing
vach mtrc & chd thot ¢d cua binh dinh muc (hinh 1.11). Chang duoc su dung dé pha ché céc

dung dich chuén va pha lodng cac dung dich.
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Hinh 1.11. Binh dinh mirc

1.4. Chuan do

Trong mot qua trinh chuén do, dung dich chuén dugc thém tir tir vao chit cin chuin co thé
tich biét trudc dén tan khi phan tmg 14 hoan toan. Tir thé tich dung dich chuan tiéu tén cho
phan tng, chung ta c6 thé tinh duoc ndng do chit can phan tich. Qua trinh chuén do thuong

duoc thuc hién véi mot buret.
Cac yéu cau dé mot phan ung c6 thé chuan do duoc la:

- Phéan tng phai dién ra nhanh va hoan toan (c6 hang s6 cin bang va van toc 16n). Picu d6 co

nghia 14 mdi khi chat chuin duogc thém vao, phan tng 13 hoan toan tai thoi diém do.
- Phan tng chuén d6 phai dién ra theo mot phuong trinh hoa hoc da dinh trudc.
- Phai ¢6 cach xac dinh duoc diém twong duong.

bé thoa man cé ba di€u kién néu trén cho mdt phan ting chuan dg, trong thuc t€ ngoai chuan
dd truc tiep, nguoi ta con st dung cac k¥ thuét chuan do khac nhu chuédn dd gian tiép, chuan
dd ngugc va chuan d6 thé. Cac ky thudt chuan d6 nay nham khac phuc viéc chuan d¢ truc

tiép s& khong thoa mén ca ba diéu kién néu trén [5,6].

Céc loai phan tng chuan d¢ pho bién 1a chuan d¢ axit-bazo, oxy hoa khit, phure chat va chuan

do két tua.

Diém tuong dwong 1a thoi diém hai chat 1a dung dich chuan va chat can phan tich tac dung du
v6i nhau. D6 1a thoi diém 1y tuong dé ching ta két thiic chudn do. Tuy nhién, trong thyc té
chung ta chi két thuc phan tng chuan do ¢ thoi diém twong duong hodc 1an cén cua diém
tuong dwong, goi 1a diém cudi ciia qua trinh chuan d6. D6 13 thoi diém tinh chat cua dung
dich thay d6i manh. Pé xac dinh diém cudi ctia chuan do ngudi ta co thé dung chét chi thi
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hodc phép do tinh chit cua dung dich. Vi dy, trong chuin do axit-bazo, nguoi ta co thé st
dung chat chi thi axit-bazo hoic may do pH. Trong pham vi ctia chuong trinh Hoa phan tich
2 nay, chung toi chi giéi han viéc xac dinh diém cudi ciia qua trinh chuin do bang cach sir

dung chét chi thi.

Dé chudn bi cho viéc chuan do, bo dung cu thuy tinh dung cho chuin d6 phai dwgc rira sach,

trang bang nudc cat ba lan.
Chudn bi buret (buret dugc trang bang dung dich can nap ba lan)

- Dong khoa van, nap dung dich vao buret, c6 thé sir dung phéu dé rot dung dich (hinh
1.12a).
- Kiém tra xem c6 con bot khi ¢ khoa van khong. Néu bot khi ¢c6 mit trong qué trinh

chuin dd, n6 co thé 1am cho két qua chuan do bi sai (hinh 1.12b).

- C0 thé rira dau buret b?mg nude cat, nd phai sach va kho trudc khi chuan do (hinh
1.12c, d).
- Poc gia tri ban dau ctia mirc chat 10ng trude khi chuan do (thong thuong ta chinh vé

vach 0).

(a) (b)
Hinh 1.12. Cac thao tdic voi buret

Chudn bi binh nén (chi ding nudc cat dé trang, khong dugc dung dung dich can ldy dé trang

binh noén).

Chung ta sir dung pipet dé liy dung dich. Pipet sau khi rira sach va trang bang nudc cat ba
lan, ching ta can trang bang dung dich can ldy ba 1an (hinh 1.13a). Sau khi 1y dung dich vao
pipet bang qua bop cao su, ¢ thé lau phia ngoai pipet bang gidy tham (hinh 1.13b). Ching ta
ldy chinh xac mot thé tich dung dich can chuan do bang pipet cho vao binh noén. Pé pipet

thang dung va nghiéng binh nén dé dung dich chay vao (hinh 1.13c). Tia nudc cat xung
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quanh binh nén dé dam bao tat ca thé tich chinh x4c dung dich da 14y dwoc phan Gmg voi chét

chuén (hinh 1.13d).

(b) (©)

Hinh 1-13. Céc thao tic ldy dung dich vio binh nén béing pipet

Cich chuin dé:

- Tay khong thuan cam khoa van (hinh 1.14a).

- Tay thuan cAm binh nén (hinh 1.14b).

- Chuén db voi tbc d6 nhanh true diém twong duong mot vai mL.

- Dé dau buret cham vao binh non (hinh 1.14c).

- Tia nudc cit xung quanh dé dung dich ciia chit chuin néu c6 bam trén thanh cia binh
n6n s& duge di xudng (hinh 1.14d).

- Khi gan dén diém twong duong chuan véi téc do cham.

- Dau hiéu két thuc chuan d6 1a khi dung dich vira chuyén tir mau A sang mau B.

(a) (b) (d)

Hinh 1.14. Cic thao tdc trong chuin dp
1.5. Cau hai on tap

1. Céc yéu cau dé mot phan tmg c6 thé chuin do dugc trong phén tich.

2. Cach sir dung cac dung cu thuy tinh nhu buret, pipet, binh nén trong chuan d.
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3. Céc qui tac lam vigc vdi can phan tich.

4. Cach doc mirc chat 1ong trén buret va pipet.

Bai 2. Xtr Iy cac sd liéu thwc nghiém
2.1. Phan b6 Gauxo

Néu mot thi nghiém dugc lap di lap lai nhiéu 1an véi céc sai s6 1a ngﬁu nhién thi khi d6 cac
két qua c6 xu hudng chum dbi ximg tai gia tri trung binh. S6 thi nghiém dugc lap cang nhiéu,
cac két qua lai cang gan nhau va dudng cong 1y tuong duoc goi 1a phdn bé Gauxo. Noi
chung, ching ta khong thé 1am thi nghiém véi s6 1an lap rat 1on trong phong thi nghiém.
Chung ta thuong 1ap lai cac thi nghiém tir 3 dén 5 1an hon 1a 2000 lan. Tuy nhién, chung ta c6
thé ude lugng cac tinh chét théng ké tir mot bo sb liéu vai sb 1an lap it [1].

2.1.1. D) chinh xic va d9 léch chuin

Gia st thi nghiém dugc tién hanh lap n lan, trung binh cong duoc tinh theo hé thirc:

YiXi

n

X = (v6ii=1,2,3,..,n) (2.1)
Thong thuong, nguoi ta tién hanh khoang tir 3 dén 5 14n rdi tinh gia tri trung binh. Trong cac
s6 liéu thu dwoc, gia tri trung binh X 1a dang tin cdy hon ca va ngudi ta danh gia né theo hai

dai luong thong ké 12 dé chinh xdc va d¢ diing.

Dé chinh xdic duge xac dinh nhd n phép thir song song tién hanh trong cung diéu kién. Do
chinh xéc cho biét muc d6 phén tan cta cac phép thir song song va né c6 thé dugc danh gia

qua dai luong d6 1éch chuan s (hodc phuong sai s2):

. )2
s = \/Zl(xl x) (22)

(n-1)

Dai luong (n-1) trong phuong trinh (2.2) goi 14 d6 tu do. D¢ 1éch chuan s cang nho thi d6 lap

lai cang cao, tirc do chinh xac cang cao.
Vi du: Tim gia tri trung binh va d¢ 1éch chuan cho cac gia tri do: 821; 783; 834; va 855.

_ 821+783+834+855
4

Giai: Gia tri trung binh la: X =823,2
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Pé tranh 16i do lam tron, giit mot sd sau dau phay cua gia tri trung binh va gia tri do léch

chuan so voi gia tri the hién & s6 liéu goc. DS 1éch chuén la:

_ \/(821—823,2)2+ (783-823,2)2+ (834—823,2)2 + (855—-823,2)% 303

B (4-1)

O day gid tri trung binh va d6 léch chuan phai ¢6 s6 cudi cting cing hang thap phan. Vi nhu ¥

= 823,2 va d6 léch chuan s = 30,3.

Do léch chuan twong d6i dugc dién ta dudi dang phan trim: RSD% (Relative standard

deviation)

RSD =2 x 100, (%) 2.3)

Kilw

B¢ 1éch chuan tuwong doi cho ta khai niém rd hon vé d¢ 1éch chuan vi n6 dugc so sanh véi gia

tri trung binh X cua tép sb liéu.

Dé ding danh gia sy phu hop cia két qua thuc nghiém so voi gia tri thuc va thudng dugc

biéu dién duéi dang sai so.
Sai s6 tuyét d6i (e): e=x—p 2.4)

Trong d6 p 1a gia tri thuc (gia tri dugc chap nhan dang tin ciy nhét, vi khong bao gio biét

duoc gia tri thuc).

Sai s tuyét ddi khong cho ta thfiy murc do gﬁn nhau cua gia tri xac dinh dugc va gia tri thyc,
tirc 1a khong cho ta thiy dung dwgc do dung cia phép phan tich. Dé biét duoc do dang cua

phép xéc dinh, nguoi ta ding sai s twong ddi [1].
Sai s6 tuong di R% 14 ti s6 gitta sai s6 tuyét dbi € va gia tri thuc w hodc gia tri trung binh X:

R%=§>< 100 == x 100 (2.5)

Kilm

2.1.2. P§ léch chuén va xac suat

Cong thure ciia duong cong Gauxo la:
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1 2 2 0,45
= —(x-w)*°/20 :
= e 2.6
y ov2m ( ) 0,40
0,35
O day e (= 2,71828.) 1a co sd clia s / \
logarit tu nhién. Cho mdt tap s6 lieu, o2 // \\
chung ta lay gan ding p=x va o=s. °°° / \
0,15
Trong d6 u 1a gia tri thyc, x 1a gia tri / \
0,10
thuc nghiém, o 1a d6 1éch chuan. u va o ops 4_// \\
1a cac sb thuc, duoc goi 1a tham sb phan 000 . ; , 1 ) 1 , ; Y

bd, y 1a ham sd cta x va chinh 1a xac
Hinh 2.1. Buong cong Gauxo véio=1vau=0

1
= ——e
Y V2

suat cua Xx.
-x2/2

Do thi, duge chi ra trén hinh vé& 2.1, ¢6 giatric=1vau=0 dé su dung cho don gian. Gia tri

cuc dai cta y tai d6 x = 0 va dudng cong do6i xting vé x = U.

DB thi nay rat hitu ich dé dién dat cac do léch tir gia tri dang, z, cua gia tri o léch chuén.

Chung ta c6 thé chuyén d6i x thanh z thong qua:

x—U xX—X

Z=—= — (2.7)

Xéc sudt cua viéc do z trong mQt mién nhat dinh la bang dién tich ctia mién nay. Vi du, xac
suat cua viéc phat hién z trong mién tir —2 dén —1 1a 0,136. Phan dién tich cia mdi phan cua
duong cong Gauxo dugc dua ra trong bang 2.1. Bdi vi tong cac xac suat cua tat ca phép do

phai 14 thong nhat, dién tich dudi toan duong cong tir z = -0 t&i z = +oo ciing phai cing don

. v 5 \ r .7 . . N 1 \ s 1 A A
vi. Phuong trinh cua dudng cong Gauxo c6 gia tri cuc dai bang - va dugc goi la yéu to

binh thuong hoa, gia tri nay cang 16n néu o cang nho, hay néi cach khac, do lap lai cang cao,

Ao s . \ A [ . .7 . 1 5 5 M [N ’ ’
nghia la so gia tri thu dugc cang gan gia tri thuc [1]. Gia tri > dam bao rang dién tich phia
dudi ctia toan bo duong cong 1a thong nhat. Mot duong cong Gauxo véi cac don vi dién tich
dugc goi 1a dudng cong sai s6 Gauxo.

Do léch chuan do do rong cua duong cong Gauxo. Gia tri ¢ cang 16n, duong cong Gauxo
cang rong. Trong bat ky dudng cong Gauxo nao, 68,3% dién tich tir mién u — 1o dén u +
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lo. Ngoai ra, 95,5% cua dién tich nam trong pham vi u + 20 va 99,7% cua dién tich nam

trong mién u + 30.

S6 lan thi nghiém tang, do chic chin cua gia tri trung binh cang gan véi phan b cua gid tri

thuc, u cang cao.

Bang 2.1. Dién tich va cac tham sb trong phwong trinh duwong cong sai s6 Gauxo

|z|* y Dién tich™ |z|* y Dién tich™ |z|* y Dién tich™
0,0 0,398 9 0,000 0 1,4 0,149 7 0,419 2 2,8 0,007 9 0,497 4
0,1 0,397 0 0,039 8 1,5 0,129 5 0,4332 2,9 0,006 0 0,498 1
0,2 0,391 0 0,079 3 1,6 0,1109 0,445 2 3,0 0,004 4 0,498 650
0,3 0,381 4 0,1179 1,7 0,094 1 0,4550 3,1 0,003 3 0,499 032
0,4 0,368 3 0,155 4 1,8 0,079 0 0,464 1 3,2 0,002 4 0,499 313
0,5 0,3521 0,1915 1,9 0,065 6 0,4713 33 0,001 7 0.499 517
0,6 0,3332 0,225 8 2,0 0,054 0 0,477 3 34 0,001 2 0,499 663
0,7 0,3123 0,258 0 2,1 0,044 0 0,482 1 3,5 0,000 9 0,499 767
0,8 0,289 7 0,288 1 2,2 0,0355 0,486 1 3,6 0,000 6 0,499 841
0,9 0,266 1 0,3159 2,3 0,028 3 0,489 3 3,7 0,000 4 0,499 904
1,0 0,242 0 0,3413 2,4 0,022 4 0,491 8 3,8 0,000 3 0,499 928
1,1 0,217 9 0,364 3 2,5 0,017 5 0,493 8 3,9 0,000 2 0,499 952
1,2 0,194 2 0,3849 2,6 0,013 6 0,4953 4,0 0,000 1 0,499 968
1,3 0,171 4 0,403 2 2,7 0,010 4 0,496 5 0 0 0,5
x-

*
z=
[

“La di¢n tich tham khdo giita z = 0 va z = gié trj & trén bang. Khi dién tich tir z = 0 dén z = 1,412 0,4192. Dién tich tir z=-0,7 dén z=0 1a
tuong ty tir z=0 dén z=0,7. Dién tich tir z =-0,5 dén z =+0,3 13 (0,1915+0,1179) = 0,3094. Téng dién tich tir z = -0 dén z = oo 12 théng nhét.

2.2. Bo tin cay
Chuén sb student 7 1a mot cong cu thong ké duoc str dung phd bién dé dién dat d6 tin cay va

so sanh cac két qua tir cac thi nghiém khéac nhau.

Tir mot s6 lugng thi nghiém gidi han, chiing ta khong thé tim dugc phan bd gia tri ding va do

léch chuan diing o. Chiing ta c6 thé xac dinh ¥ va s.

Bién gidi tin cay dién dat gia tri dung p roi vao khoang nhat dinh tir gia tri do x. Bién gi6i tin

cay pu duoc xac dinh bﬁng:

ts

u=7x+ 2.8)

=
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O day s 1a do léch chuan do duoc, n 1a s6 14n thi nghiém vatla chuén sd student, duoc 1€iy tu

bang 2.2.

Bang 2.2. Cac gia tri cia chuén s student t

Mikc d§ tin ciy (%)

Mirc @6 tudo | 50 90 95 98 99 99,5 99,9
1 1,000 6,314 12,706 31,821 63,656 127,321 636,578
2 0,816 2,920 4,303 6,965 9,925 14,089 31,598
3 0,765 2,353 3,182 4,541 5,841 7,453 12,924
4 0,741 2,132 2,776 3,747 4,604 5,598 8,610
5 0,727 2,015 2,571 3,365 4,032 4,773 6,869
6 0,718 1,943 2,447 3,143 3,707 4,317 5,959
7 0,711 1,895 2,365 2,998 3,500 4,029 5,408
8 0,706 1,860 2,306 2,896 3,355 3,832 5,041
9 0,703 1,833 2,262 2,821 3,250 3,690 4,781
10 0,700 1,812 2,228 2,764 3,169 3,581 4,587
15 0,691 1,753 2,131 2,602 2,947 3,252 4,073
20 0,687 1,725 2,086 2,528 2,845 3,153 3,850
25 0,684 1,708 2,060 2,485 2,787 3,078 3,725
30 0,683 1,697 2,042 2,457 2,750 3,030 3,646
40 0,681 1,684 2,021 2,423 2,704 2,971 3,551
60 0,679 1,671 2,000 2,390 2,660 2,915 3,460
120 0,677 1,658 1,980 2,358 2,617 2,860 3,373
© 0,674 1,645 1,960 2,326 2,576 2,807 3,291

Lutu y: Trong qud trinh tinh todn dé tin cdy, o cé thé dioc thay boi s trong phirong trinh (2-8).

Vi du 1: Ham lugng cacbon hydrat ctia glycoprotein (mdt loai protein voi dudong dugc dinh

kem) dugc xac dinh 1a: 12,6; 11,9; 13,0; 12,7 va 12,5 g cacbon hydrat trén 100g protein. Hay

tim bién gidi tin cay voi mire dd tin cay 50% va 90% cho ham lugng cacbon hydrat.

Pau tién ta tinh gia tri trung binh ctia ham lugng cacbon hydrat trong glycoprotein:

12,64+11,9+13,0+12,7+12,5

X =

5

Do 1éch chuén s cho 5 1an thi nghiém:

Yi(xi—x)?

(n-1)

Giai
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_ \/(12,6—12,5)2+ (11,9-12,5)2+ (13,0—-12,5)2 + (12,7-12,5)2 + (12,5-12,5)2 _04

G-1

Tra bang 2.2, Gtmg véi muc dg tin cdy 50% va do tu do 4 (bac ty do = sb lan lap -1) ta duoc

t=0,741. Boi thé:

Gidi han tin ciy: p= ¥+ —— 12,5+ 22202 1551 0.1
i61 han tin cdy: p =% + = =12, =12 ,

Tuong tu, vai mire do tin cay la 90% thi bién gidi tin cay s¢ la:

2,132%0,4

p=12,5+ NG

=125+0,3

Vi du 2: Ham luong con (C2H50H) trong mét mau mau dugc xac dinh bﬁng ba lan thi
nghiém (sé lan lap 1a 3) va nhan duoc gia tri % C>HsOH la: 0,084; 0,089 va 0,079. Hay xac
dinh bién gidi tin cdy cia ham luong con véi muc do tin cay 95%.

Giai
Dau tién tinh gia tri trung binh ctia ham luong con:

__0,084+0,089+0,079
X= 3 =0,084

Do léch chuin s cho ba 1an thi nghiém:

5= \/ Si-0)? \/ (0,084-0,084)2+ (0,089-0,084)%+ (0,079-0,084)2 _ | | 13

(n—-1) (3-1)

Tra bang 2.2, Gtmg v&i mac do tin cdy 95% va do tu do 2 (bac tu do = s6 lan lap -1) ta duoc

t=4,303. Boi thé:

4,303 x 7,1.1073

= 0,084 + 7

— t
Gidi han tin ciy: u = % + —Z = 0,084 + 0,017 % C,HsOH

Vn

2.3. So sanh dé léch chuan vé&i gia tri kiém tra F

Gia tri F (Fiso) chi cho chung ta su khac biét giira hai 6 1éch chuén. N6 duge dinh nghia la ti

s6 gitta binh phuong cua hai d6 1éch chuan:
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st
Fiinh = g (2.9)
Gia tri chuan Fiso (Finn) duoc so sanh véi chuan Fiso 1y thuyét (tra bang). Néu Finh < Fig thuyét
thi ta c6 thé két luan “do lap lai ctia hai phuong phép 1a dong nhat”. Bang 2.3 dua ra gia tri F
ly thuyét. Chung ta co6 thé tim duoc pham vi rong hon ctia mirc d6 tu do trong céc so tay [7].

2

S
Bang 2.3. Gia tri F = 5—12 v6i mire d§ tin cdy 95% [1]
2

Mirc d tw do cho sz (mau Murc dd tw do cho s1 (tlr s6)

s6
) 2 3 4 5 6 12 20 s}

2 19,00 | 19,16 | 19,25| 19,30 | 19,33 | 19,41 | 19,45 | 19,50
3 9,55 9,28 9,12 9,01 8,94 8,74 8,66 | 8,83
4 6,94 6,59 6,39 6,26 6,16 5,91 580 | 5,63
5 5,79 5,41 5,19 5,05 4,95 4,68 456 | 4,36
6 5,14 4,76 4,53 4,39 4,28 4,00 3,87 | 3,67

12 3,89 3,49 3,26 3,11 3,00 2,69 2,54 | 2,30
20 3,49 3,10 2,87 2,71 2,60 2,28 2,12 | 1,84
B 3,00 2,60 2,37 2,21 2,10 1,75 1,57 | 1,00

Vi du 1: Theo két qua 6 1an phan tich ham lwgng canxi cacbonat bang phwong phép A, ta
tinh dwoc d6 1éch chuin clia phwong phap nay la s1 = 4,3 mg. Theo két qua 5 lan phan
tich ham lwong canxi cacbonat bang phwong phap B ta tinh dwoc do 1éch chuin la sz =

2,1 mg. Hoi d6 1ap lai cia cac phwong phap c6 dong nhat khong?
Gidi
Ta c6 thé tinh chuén Fiso theo (2.9):

oo — 5§ (43)?
tinh 522 (2'1)2

= 4,19

Theo bang 2-3, tng voi mirc d6 tu do cho s1 1a 5 va mire d6 tu do cho s> 1a 4 thi Fig thuyé: (tra

bang) = 6,26.
Vay Fiinh < Fiy thuyét, hay n6i cach khac 1 d6 13p lai cta hai phuong phap 1a dong nhat.

Vi du 2: Mot phuong phap tiéu chuan xac dinh ham luong CO trong hén hop khi duoc xac
dinh véi s6 lan lap 1a vo ciing (t6i hang nghin 1an) c6 do léch chuan s = 0,21 ppm CO. Str
dung mot phuong phép khac (phuong phap A) véi s6 lan lap 13 (mic do tu do 12) xac dinh
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dugc d6 léch chuan s; = 0,15 ppm CO. Str dung phuong phap B véi mirc d6 tu do 1a 12 xac
dinh duoc d6 léch chuan s, = 0,12 ppm CO. Hoi d6 lap lai ctia phuong phap A va phuong
phap tiéu chuén, phuong phap B va phuong phép tiéu chuan, phuong phép A va phuong phap
B c6 dong nhat khong?

Gidi

Ta c6 thé tinh chuén Fiso theo (2.9):

I , . _Stzéuchué{n_ (0'21)2 _
Poi voi phuong phap A: Fi = 5 NoooE

1,96

Lo . , . _S?éuchué{n _ (0'21)2 _
boi voi phuong phap B: F2 = 52 “ 0122 3,06

Theo bang 2.3, tmg véi mirc do ty do s (tr s8) = oo va mirc d6 tur do s2 (miu sd) = 13-1 =12

thi Fiy thuyé (tra bang) = 2,30.

Ta thdy F1 < Fiy tuyé, hay noi cach khéac 1a d6 1dp lai ctia phuong phép A va phuong phap tiéu

chuan 14 dong nhat.

Ta thdy F2 > Fig tuyé, hay néi cach khac 1a do 1ap lai ciia phuong phap B va phuong phap tiéu
chuén 12 khong dong nhat.

Chuan Fiso tinh cho hai phuong phap A va B:

S22 (0,15)?
Finh ===

sz (012)2 1,56

Theo bang 2.3, ing véi muc d6 tu do s; (tr sé) = 12 va mirc do tu do sz (mau sé) =12 thi Fy
thuyét (tra bang) =2,69.
Vay Fiinh < Fiy thuyét, hay néi cach khéc 1a do 13p lai ciia hai phuong phap A va B 1a dong nhat.

2.4. Gia tri kiém tra Q cho sé liéu nghi ngo

D6i khi c6 mot gid tri nghi ngd voi cac sb lidu con lai trong tap s6 liéu. Chung ta co thé sir
dung gié tri kiém tra Q dé gitp cho viéc quyét dinh giir lai hay bo di gid tri d6. Chiing ta xem

xét 5 gia tri trong tap s6 liéu dudi day:
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12,47 12,48 12,53 12,56 12,67

Khoang dao dong: 0,20 (= 12,67-12,47) (1a d6 rong ctia bd s6 1iéu = Xymgy — Xomi 1)

Khoang cach 16n nhat : 0,11 (sy khac biét giita s6 lidu nghi ngd va s lidu c6 gia tri gan no
nhat x,.1 — x,,)

Cdu hoi: Co phdi gid tri 12,67 la qua lon?

khodng caich ~  Xpi41—Xn

Qtinh = (2.10)

khoang dao dong o Xoax —Xmin
Néu gia tri Qunh > Qua bang, gid tri nghi ngd co thé duogc loai trir. Trong vi du trén, Qenh
=0,11/0,20 = 0,55. Trén bang 2.4, chung ta tim thay gia tri Qua bang = 0,64. B&i vi Qtinh < Qura
pang NEN gid tri nghi ngd nén gitr lai v6i murc d9 tin cay 90%. Gid tri 12,67 c6 xac suat 10% la

mdt trong nhiing gia tri cta tap s6 liéu voi 4 gia tri.

Bang 2.4. Gia tri Q dé loai s6 liéu nghi ngo [8]

S thi nghiém Q (mirc d9 tin cay, %) $6 thi nghiém Q (mic d9 tin cay, %)
90 95 99 90 95 99
3 0,94 0,97 0,99 7 0,51 0,57 0,68
4 0,76 0,83 0,93 8 0,47 0,52 0,63
5 0,64 0,71 0,82 9 0,44 0,49 0,60
6 0,56 0,62 0,74 10 0,41 0,47 0,57

Néu Qiini > Qira biing, g1d tri nghi ngo' co thé duoc loai trir voi mirc do tin cdy (%) twong ting

Mot s6 ngudi cho rang khong nén bo di bat ky mot sd liéu nghi ngd nao trir khi ban biét
khong pham vao 11 nao trong qua trinh thi nghiém dé dan dén co s6 liéu nay. Mot sb nguoi
khac lai cho rﬁng nén 13p lai thi nghi€ém cho s6 liéu nghi ngd thém vai lan dé nhan duoc do
tin cdy cao hon va quyét dinh s6 liéu nay c6 thé loai bo khoi tap so liéu d6 hay khong. Quyét

dinh van ludn la cua ban va d6 1a doi tugng nghién ctu cta ban.

2.5. Sai s6 thwc nghiém

C6 céc sai s6 lién quan dén tat ca cac phép do. Chung ta khong c6 cach nao dé do duge “gia
tri thuc” (true value). Trong Hoa phan tich, cach tot nhat 1a ing dung cin than cac k¥ thuat
thuc nghiém mot cach hop 1y. Viée lap lai cac phép do nhiéu lan chi cho chung ta do chinh

xéc (406 1ap lai) ciia phép do. Néu cac két qua do bang cac phuong phap khac nhau véi ciing
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mot dbi tuong 1a nhu nhau, khi d6 chiing ta ¢6 thé chic chan hon két qua 1a ding, c6 nghia 1a

gia tri do dugc gan vai “gia tri thuc”.

Gia sir nhur chiing ta xac dinh ti trong cia mot chat khoang bang phwong phap do khdi lwong
ctia n6 (4,635+0,002 g) va thé tich (1,13+0,05 ml). Ti trong 1a ti s6 ctia khdi lugng trén thé
tich: 4,635 g/1,13 ml =4,1018 g/ml. P§ khong dam bao cua phép do khdi luong va thé tich 1a
+0,0002 g va £0,05 ml. Nhung céc cau hoi ¢ day l1a do khong dam béo ctua phép do ti trong
dugc tinh bang bao nhiéu va bao nhiéu chir s6 c6 nghia dugc sir dung cho phép do ti trong
nay? Chung ta s& thao luan vé d6 khong dam bao trong cic tinh toan thuc nghiém & phan
dudi day.

2.5.1. Cac chir s6 c6 nghia

S chir s6 c6 nghia 1a sd chir s6 tdi thiéu phai viét ciia mot gia tri dua ra dé gia tri nay khong

mat di d¢ dung cia no.

Mot dir liéu phan tich thu dugc tir phép do truc tiép hodc tinh toan gian tiép phai duoc ghi
theo qui tac vé chir s6 c6 nghia: chi mét chit s6 cudi cing 1a con nghi ngd, moi chir sé con lai

1a chic chan.

Vi du: 142,7 ¢6 4 chir s6 c6 nghia, c6 thé viét dudi dang 1,427 .10%,

Céc chir s6 0 dau tién 1a cac chit s khong c6 nghia, cac chir s6 con lai 14 cac chit s6 c¢6 nghia.
Vi du 1: 6,302.107° = 0,000006302 c6 4 chir s6 c6 nghia.

Vi dy 2: Cén 50 mg trén can phan tich sai s6 + 0,1 mg, phai ghi 1a 50,0 mg hay 0,0500 g (3
chir s6 co nghia). Néu can trén can k¥ thuét sai s6 £ 0,01g thi ghi 1a 0,05g (mot chir s6 co

nghia).

Vi du 3: Lay 10 ml dung dich bang pipet chinh xac (sai s6 = 0,02ml) thi phai ghi 1a 10,00 ml

(4 chit s c6 nghia).

Vidu4: 9,25.10* ¢6 3 chit s6 co nghia.
9,250.10* ¢6 4 chit s6 c6 nghia.
9,2500.10* ¢6 5 chir s6 co nghia.

Luu y: Lily thira ciia 10 khong anh hudong dén sb chir s6 c6 nghia.
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Ldy chii s6 c¢é nghia khi tinh todn

Khi nhan, chia hai hay nhiéu 6, két qua cudi cung dugc lam tron bang sb c6 it chir s6 c6
nghia nhat.
8,765
1000
0,250 x 0,4000 = 0,1— phai viét 1a 0,100 (ba chit s6 co nghia)
34,60 : 2,46287 = 14,05 (4 chit s6 c6 nghia)
4,3179.10"2 x 6,6.10™"° = 1,6.10°° (hai chit s6 c6 nghia)

Vi du: x9,5=0,0832675 — lam tron thanh 0,0832 (ba chit sb ¢ nghia)

Két qua phép cong, phép trir s€ co cung s6 chit s0 & bén phai ctiia dau thap phan cé chit s6 co

¥ nghia it nhat.

Vi du: 22,3456 + 2,20 = 24,5456 lam tron lén thanh 24,55.
22,3446 + 2,20 = 24,5446 1am tron xudng thanh 24,54.
22,3456 - 2,2000 = 20,1456 giir nguyén 20,1456.

Quy tic lam tron so:

Néu chit s6 cudi cung 1a 1, 2, 3, 4: bo di

Néu chit s6 cudi cung 14 6, 7, 8, 9: bo di va tang thém 1 vao chir s6 ding trudce

Néu chit s6 cudi cuing 12 5: 1am tron thanh s6 chin gan nhat

2.5.2. Ciac loai sai sb

Bat ky mot phép do nao cling c6 mot dd khong ddm bao (uncertainly), dwgc goi la sai s0
thwc nghiém. 6 khong dam bdo la s lwong wéc tinh hodc ty 1€ phin tram ma theo dé

mot gia tri quan sat hodc tinh toan c6 thé khac véi gia tri thuc [1, 3].

Cac két luan c6 thé dién ta du¢i dang do tin cay cao hay thip, nhung bao gid ciing gan
lién véi d6 khéng dam bao. Cac sai s6 thwe nghiém dwoc phén loai thanh sai s6 hé théng
va sai s6 ngiu nhién.

Sai s6 hé théng: 1a sai s6 giy nén do sai léch cia may moc, dung cu phén tich, héa chit
thudc thtr... Sai s6 hé thong lam 1éch gia tri trung binh cta két qua phéan tich vé mét phia
nao doé cua gia tri thuc (ciing cao hodc ciing thdp), né lam anh hwéng dén do ding cta
két qua phan tich. Du ta c6 ldp lai thi nghiém thi vAn mic phai sai s6 nhu vay. Vé mit
nguyén tic, sai s6 hé théng c6 thé giai quyét néu tim ra nguyén nhan. Tuy nhién, diéu
nay khong dé dang véi chiing ta.
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Vi du: Khi ching ta chuin héa thang do pH, chung ta st dung dung dich dém pH = 7,00,
tuy nhién dung dich dém nay lai la 7,08. Do vay, khi doc gia tri pH trén thang do n6 nhé
hon gia tri thuc té€ 0,08 don vi. Cha han nhw, ching ta doc gia tri pH ctia mot dung dich
trén may do 1a 5,60, nhung thuc té pH cla mau 1a 5,68. Sai s6 hé théng nay c6 thé giai

quyét bang cach st dung moét dung dich dém thir hai da biét truwdc pH.

Sai s6 ngdu nhién: 1a sai s6 thwong khong biét nguyén nhan lam cho cac sé liéu thu

dwogc dao dong vé ca hai phia cua gia tri trung binh.

Sai s6 tho: 12 sai s6 trong d6 mot dit liéu nao d6 khong nam trong ciing mdt tip hop véi
cac dir liéu con lai, n6 dwoc goi la dit liéu ngoai lai hay dir liéu nghi ngo. Nguoi ta c6 thé
nhan ra s8 liéu ngoai lai nay bang cach xtr Iy théng ké dé loai ching (phdn 2.3).

2.5.2. Py khong dam bio do tir sai s6 ngiu nhién

Chung ta thwong wéc tinh hay xac dinh sai s6 ngiu nhién lién quan dén mét phép do,
cha han nhw do do dai cia mot vat, hay do nhiét do cia mot dung dich. P6 khong dam
bao do c6 thé dwa trén viéc ching ta c¢6 thé doc tot nhw thé nao trén thiét bi hay kinh
nghiém cda ching ta véi mot phép do cu thé. Néu co6 thé, d6 khong dam bao do dwoc
dién ta nhw 12 d6 1éch chudn hay khoang tin cdy. Ching ta gia st rang sai s6 hé thdéng

dwoc phat hién va duoc xt ly.

D¢ khong dam bdo do trong cdc phép cong va triv:

e =\/elz+ezz+~--+ei2 (2.11)

Vi du 1: Gia s ching ta thwc hién mot phép tinh sé hoc (trong diu ngoic don la do

khong dam bao)

1,76 «—e1
(x0,03) —e2
+1,89 —e3
(x0,02)
+0,59
(x0,02)

3,06 (*e4)
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Két qua la 3,06, nhwng ciu hdi & day 13, gia tri d6 khdng dam bao do cda phép tinh nay la

bao nhiéu?

Twr phwong trinh 2-11 ta c6 thé tinh dwoc:

e, =+/(0,03)% + (0,02)2 + (0,02)% = 0,04
Nhw vay cau tra loi la: 3,06 £0,04.

Vi du 2: Gia tri do thé tich trén mét buret 1 sw khac nhau gitra gia tri doc dau va cudi. Gia
str d0 khong ddm bo clia mdi lan doc 1a +0,02 ml, hiy tinh dd khéng ddm bao do cta

phép do thé tich.
Vi du: Gia tri doc dau la 0,05 (+0,02) va gia tri doc cudi la 12,22 (+0,02).

Gié tri thé tich doc dwoc sé la 12,22-0,05 = 12,17 (ze).

e =,/(0,02)2 + (0,02)2 = 0,03
Vay gia tri doc dwoc ctia phép do la: 12,17 £0,03 mL

D¢ khong dam bdo do trong cdc phép nhdan va chia

%e = \/(%e;)? + (%e;)? + - + (%e;)? (2.12)
Vi du:

1,76(+0,03) x 1,89(+0,02)
0,59(+0,02)

=56+e

Chi l1ay hai chit s6 c6 nghia do 0,59 chi c6 hai chir s6 c¢6 nghia.

Yoe = \/(% x 100)2 + (% X 100)2 + (% x 100)2: 4%

Chuyén d6 khéng ddm bao twong déi sang d6 dam bao tuyét doi:
4% x 5,6 =0,2

Nhuw vay ciu tra 1oi cudi cung la: 5,6 (£0,2) hay 5,6 (+4%).
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2.6. Cau hoi on tap

1. Néu moi quan hé giira d6 1éch chuin va do chinh xac trong mot qua trinh phan tich?

2. Khéi lwong chat A chira trong mot mau 1a 45,2 mg, chit B chira trong mdt mau twong
tw la 215,4 mg. Gia tri xac dinh theo cing mét phwong phap, ham lwong cta A la 45,8 mg
va B 1a 216,0 mg. Hiy so sdnh sai s6 tuyét déi va sai s6 twong doi trong hai treong hop
xac dinh A va xac dinh B?

3. Cho mot bo so liéu sau:

116,0;97,9; 114,2; 106,8 va 108,3

Hay xac dinh gia tri trung binh, dé léch chuin va bién giéi tin ciy véi mic do tin ciy
90%. S dung Qiém tra d€ xac dinh so liéu nghi ngo 97,9 trong bd sé6 liéu trén c6 nén gitr
lai hay loai bé (v&i mirc do tin cdy 90%).

4. Viéc xac dinh ham lwong tap chét hitu co (ppm) trong dat cho cac két qua phéan tich
dwéi day:

98,6; 98,4; 97,2; 94,6 va 96,2 ppm. Hay xac dinh xem néu git gia tri nghi ngo 94,6 ppm
thi mirc do tin cay co dat duwoc 95% hay khong?

Néu thwc hién thém mot phép do niva dwoc két qua 1a 94,5 thi két luin trén cé thay doi
hay khong?

5. Hay xac dinh d6 khéng dam bao (e) cho mot phép tinh bao gom mét phép trir va mot

phép chia sau:

1,76(+0,03)—0,59(+0,02)
1,89(+0,02)

6. Néu chuin bi dung dich NH3 0,025M bang cach pha lodng 8,45 (+0,04) mL cta 28,0
(x0,5)% [ti trong cia dung dich nay la 0,899 (+0,003) g/mL] t&éi mét thé tich 500,0

=0,62*e

(20,2) mL (s dung binh dinh mic). Hay xac dinh d6 khong dam bao ctia néng d6 NHz
biét rang khdi lwong mol ctia NH3 1a 17,0305 g/mol.

Bai 3. Xac dinh néng do dung dich HCl bang Na;B40- va xac dinh nong
dd dung dich NaOH bang dung dich HCl
3.1. Xac dinh néng d6 dung dich HCI bang Na2B4O7

Borac decahydrat Na;B4O7.10H20 1a chit két tinh mau tring, d& tan trong nude. N6 1a hop

chat c6 khéi luong mol 16n, du tinh khiét dé sir dung lam chat chuan gdc trong chuan do axit-
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bazo. La hoa chit sin c6 va bén v&i moi truong, nd cod thé dugc sir dung dé chuén do dung
dich axit manh [1].
3.1.1. Co sé phwong phap

Na;B407 =2Na" + B,05~

B,05~ +2H" + 5H,0 = 4H3B03

Do trudc diém tuong duwong van con NaxB4O7 du (c6 H2B4O7) nén viée tinh pH rét phirc tap
[9]. Tai diém twong duong trong dung dich c6 NaCl va H;BOs nén H3BOs s& quyét dinh pH
cua dung dich. H3BO; 1a don axit v6i hang sb axit Ko = 5,8x1071° [12]

pH =3 (pKa — 10gCs) =5 (- log5,8x107"° ~ log0, 1) = 5,12

CCT metyl d6 duoc coi 1a thich hop nhat dé xac dinh diém twong dwong vi gia tri pH nay
nam trong khoang d6i mau ctia no.

3.1.2. Céch tién hanh

a. Pha ché dung dich chuan Na;B4O7 tir Na;B407.10H,0

m, »c 1000
DNayB407.10H,0 Vo

NNa2B407 = 9 (N)
Vi Vo, 1a thé tich dung dich can pha, ml.

Tinh luong can m, (g) Na:BsO7.10H20 can thiét dé pha ché 250,0 mL dung dich Na;B4O7
0,10000N, biét My, p, 0, 10m,0 = 381,40 g/mol.

_ CnXPNayB407.10H,0%Vo _ CNXMNayB,40,7.10H;0%Vo _ 0,10000x381,40%25 0,0

Ma = 1000 - 2x1000 2x1000 =4,76758

Cén Na;B407.10H,0 trén can phan tich mot luong khoang m, (g) trén cdc can véi do chinh
xac 0,0001 g, chuyén vao binh dinh mic 250,0 mL qua phéu. Trang rira phdu va cdc can

nhiéu lan bang nudc cit 4m (<60 °C), lugng nudc cat 4m vira du dé hoa tan hét NaB4Oy.

Dinh muc bang nudc cat ngudi dén vach mirc. Lic déu cho dung dich dong nhét trudc khi sir

dung.

Tir lwong can thyc té trén can phan tich, chung ta tinh lai nong d6 dung dich Na;B4O7 di pha

ché:
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m,(9) 1000 (1) _ m,(g) 1000 (%)

X = = x
DNazB407.10H20 Vo (mL) 19 0'7(W) 250 (mL)

NNa2B407 =

b. Pha ché nong do HCl = 0,1N

Axit HCI ddc ¢6 d = 1,18 g/mL chira 37 % HCI nguyén chat. Néu chiing ta can pha 500 mL
dung dich HCI ndng d6 khoang 0,1N thi thé tich HC1 dic (V) phai lay:

duwmg luong gam) ( g )
CN(iL X DHCI\ T reng Twong gam ) % Vean pha (ML) 0

Vx =
1000 (55 x d(-E)x €%

S

Lay dng dong dong khoang 4,2 mL axit HC1 déc tir chai (thuc hién trong ti hit) cho vao coc
c6 mé chira khoang 500ml nudc cit. Sau d6 khudy déu bang diia thuy tinh cho dung dich
d6ng nhat. Nong d6 chinh xéac ctia dung dich axit HC1 pha ché dugc xac dinh bang dung dich
chuan Na,B4O7.

¢. Xéac dinh ndng d6 HCI

- Trang rua dung cu

- Nap dung dich HCI da pha ché vao buret, dudi hét bot khi, chinh vé vach “0” trudc
khi chuan do.

- Ly chinh xac 10,00 mL dung dich chuan Na;BsO; di pha ché cho vio binh non,
thém vao d6 2-3 giot chat chi thi metyl do, dung dich c6 mau vang.

- Chuén d6 dung dich Na;B4O7 bang dung dich HCI dén khi dung dich vira chuyén mau
tir mau vang sang mau hong nhat. Ghi thé tich HCI tiéu ton.

- Thyc hién chuan d6 it nhét ba lan (sai 1&ch khong qua +0,2 mL), léy gia tri trung binh.

3.1.3. Tinh toan

Ap dung dinh luat tic dung duong luong dé tinh nong do ciia HCI:

NNaZ B407 X VNazB407

Nua = , (N)

Vha
Cuc = Nua X Pua, (g/L)

Trong do: VNa,B,0, = 10,00 mL

Vigcr : 14 gid tri thé tich HCI trung binh cta ba lan thi nghiém, mL
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Duci = 36,461 g/duong luong gam

C6 thé tinh theo ndng do mol/L:

2 X CNayB407 X VNayB40
2B407 2B407

CHal = >, (M)

Vua
Trong do: CNa,B,0,: 12 ndéng do (mol/L) cua dung dich NayB4O7 di pha ché.
Vi du: Can 4,5676 g Na;B4O7.10H,0 dé pha ché 250,0 mL dung dich Na>BsO7 (sir dung binh
dinh murc 250 mL). Léy chinh xac 10,00 mL dung dich nay dem chuan do véi dung dich HCI
chua biét néng do théy thé tich HCl tiéu tén trong ba 1an chuén d 1an luot 1a: 10,20; 10,15 va
10,22 mL. Hay xac dinh néng d6 cia dung dich HCI biét khdi luong mol ctiia HCI 1a 34,461
g/mol.

Gidi
Thé tich HCI trung binh cta ba 1an thi nghiém la:

10,20+10,15+10,22

VHC]= = 10,19 mL
Cach 1:

Nong d dung dich Na;BsO7 (N) da pha ché la:

Nya.5.0, = m,(g) . 1000 @by _
a g 250(mL)
28407 190'7(du‘0'ng’lu‘qnggam)) 250(mL)
_ 4,5676g § 1000 (L) _
190'7(dwngm§nggam)) 250ty 0,09581 N
Nong d6 HCI (N) s& 1a:
_ NNa,B40; X VNa,B40;, _ 0,09581N x 10,00mL _
Nha Vi) o TomL 0,09401 N
Nong d6 HCI (g/L) sé la:

Chc1 = 0,09401N x 36,461 g/duong luong gam = 3,428 g/L
Cach 2:

Nong d6 dung dich Na;B4O7 (mol/L) di pha ché 1a:

L

45676 (g) 1000 (—"; )
g X

3814 (5 250 (mL)

CNa2B4O7 = = 0,04790 M
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Nong do HCI (mol/L) s& 1a:

2.CNayB407 X VNayB40, _ 2 % 0,04790M X 10,00ml
Vhcl 10,19ml

CHal = =0,09401 M

Nong d6 HCI (g/L) s& la:

Chcr = 0,09401M x 36,461 g/mol = 3,428 g/L

3.2. Xac dinh néng dé dung dich NaOH bang dung dich HCI
3.2.1. Co sé phwong phap

NaOH + HCI = NaCl + H20

bay la truong hop chuan do mot bazo manh bﬁng mét axit manh. Gia st chuan do 100,00 ml

dung dich NaOH ndng d6 0,1000N bang dung dich chuan HCI 0,1000N thi budc nhay pH

clia qua trinh chuan dd véi sai s6 £0,1% s& 12 9,7 dén 4,3. Do vay ta co thé sur dung chét chi

thi phenolphtalein (c6 KPM tur 8-10), metyl doé (c6 KPM tir 4,4-6,2) hodc metyl da cam (co

KPM tir 3,1-4,4) dé xéac dinh diém cudi cua qué trinh chuan do.
3.2.2. Cich tién hanh

- Trang rua dung cu

- Nap dung dich HCI da pha ché vao buret, dudi hét bot khi, chinh vé vach 0 trude khi chuan

do.

Str dung chat chi thi phenolphtalein

Léy chinh xac 10,00 ml NaOH & mAu binh kiém tra cho vao binh nén, thém 7-8 giot

chat chi thi phenolphtalein, dung dich c6 mau hong.

Chuan d¢ bang dung dich HCI cho t6i khi dung dich chuyén mau tir hong sang khong

mau, ghi thé tich HCI tiéu ton.

Thuc hién chuin d6 it nht ba lan (sai 1éch khong qua +0,2 mL), léy gia tri trung binh.
St dung chit chi thi metyl da cam

Léy chinh x4ac 10,00 ml NaOH & mAu binh kiém tra cho vao binh nén, thém 1-2 giot

chat chi thi metyl da cam, dung dich c6 mau vang.

Chuan d6 bang dung dich HCI cho t&i khi dung dich chuyén mau tir mau vang sang da

cam, ghi thé tich HCI tiéu ton.

Thuc hién chuin d6 it nhét ba lan (sai 1éch khong qua +0,2 mL), léy gia tri trung binh.

3.2.3. Tinh toan

Ap dung dinh luat tic dung duong lwong dé tinh ndng do ctia NaOH:
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NNaon = Nua X Vil (N)
VNaoH
CnaoH = NNaon % DnaoH, (g/L)

Trong do: VNaon = 10,00 ml
Vigcr : 14 gid tri thé tich HCI trung binh cta 3 1an thi nghiém, mL
Dnaon = 39,997 g/duong lugng gam

Chung ta c6 thé tinh nong do6 NaOH theo don vi mol/L:

Cha XV
Cnaon = H4——Hd | ™M)
VNaoH

Trong do: Cycr 12 ndng do ciia dung dich HCI (mol/L) dugc xac dinh & phan 3.1.

Vi du: Chuan d6 10,00 mL NaOH chua biét nong do bang dung dich chuan HCI 0,09401 M
sir dung chét chi thi phenolphtalein. Khi chat chi thi ndy d6i mau, thé tich HCI tiéu tén cho ba
lan thi nghiém lan luot 1a 9,20; 9,26 va 9,23 mL. Hiy xac dinh nong d6 ciia NaOH biét
MnaoH = 39,997 g/mol.

Gidi
Thé tich HCI trung binh ciia ba lan thi nghiém la:

9,20+9,26+9,23

Vi = =923 mL
Cach I:
Nong do NaOH (N) sé la:

Nhci X Vil _ 0,09401N x 9,23mL
VNaOH 10,00mL

NNaoH = =0,0869 N

Nong d6 HCI (g/L) s& la:

Craon = 0,0869N x 39,997 g/duong lugng gam = 3,48 g/L
Cach 2:
Nong d6 NaOH (mol/L) s& 1a:

Chcl X Vyer _ 0,09401M x 9,23mL
VNaOH 10,00mL

CNaOH = =0,0869 M

Nong do HCI (g/L) s& 1a:

Craon = 0,0869M x 39,997g/mol = 3,48 g/L
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3.3. Dung cu va héa chat

- Binh dinh mirc 250 mL

- Céc c6 m6 100 mL, 500 mL
- biia thuy tinh

- Ong dong

- Binh non

- Buret

- Pipet 10 mL

- Qua bop cao su

- Chat chi thi metyl d6

- Chét chi thi phenolphtalein
- Na;B407.10H,0 tinh khiét

- Can phan tich

- Cdc can hoic gidy can

- Bép dién

- Ludi amiang

- HCl dac

- Dung dich NaOH (méu kiém tra)

3.4. Cau héi 6n tap

1. Néu co so phuwong phap xac dinh ndng do HCI tir Na;B4O7.10H,0?

2. Tinh khdi luong tinh thé Na,B4O7.10H0 (M = 381,4 g/mol) can dé pha 250 mL dung dich
NayB407 0,IN. Trinh bay cach pha. Tai sao tinh thé Na;B407.10H20 duoc chon dé pha dung
dich chuén?

3. Néu céch tién hanh xac dinh néng d6 dung dich HCI1 béng dung dich Na;B4O7 0,1N véi
chat chi thi metyl do. Tai sao dung metyl d6 (KPM: 4,4 — 6,2) 1am chi thi cia phan ung
chuan d¢ nay, giai thich bang tinh toan cu thé.

Biét H3BOs 1a don axit ¢6 Ko = 5,79.1071°.

4. Chuén do 10,00 mL dung dich NaOH béng dung dich HCI cung néng d6 0,1N. Tinh budc
nhay pH va pH tai diém twong duong. C6 thé chon nhitng chat chi thi nao cho phép chuin do
nay. Néu cach tién hanh chuan d6 dung dich NaOH bang dung dich HCI véi chét chi thi
phenolphtalein.
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Biét: KPM cua metyl da cam (3,1 — 4,4), metyl do (4,4 — 6,2), phenol do (6,4 — 8,0),
phenolphtalein (8,0 — 10,0).

5. Néu céch tién hanh chuin d6 dung dich NaOH bang dung dich HCI cing nong d6 0,1N véi
chat chi thi metyl da cam. Giai thich co ché chuyén mau cuia chat chi thi bang tinh toan cu
thé. Biét metyl da cam (KPM 3,1 —4,4), dang axit mau da cam, dang bazo mau vang.

6. Néu cach tién hanh chuan d6 dung dich NaOH bang dung dich HCI cing ndng do khoang
0,1M véi chat chi thi phenolphtalein (hodc metyl da cam). Néu dung dich NaOH tiép xuc lau
ngay véi khong khi, duge chuan d6 bang dung dich HCI thi sir dung chét chi thi nao s& chinh
xac hon, giai thich.

Biét: KDM cua metyl da cam (3,1 — 4,4), phenolphtalein (8,0 — 10,0). Axit HoCO3 ¢6 Ka =
4,46.107, Kaz = 4,69.10".

Gia st néng d6 CO2 bao hoa trong nudc & diéu kién chuén do 1a 0,0001M.

7. Hoa tan 2,0040 g Na;B407.10H,0 bang nudc cat dén 100,0 mL (sir dung binh dinh mirc
100 mL). Dung dich vira pha ché dugc dung lam dung dich chuan dé chuan d¢ axit HCI chua
biét nong d6. Hay xac dinh ndng d6 axit HCI (N, g/L) biét rang khi chuan d6 10,00 mL dung
dich vira pha ché hét 11,20 mL HCI.

8. Hoa tan 0,2004 g Na:B407.10H,0 bang nudc cét trong binh nén, rdi tién hanh chuan do
bang axit HCI sir dung chat chi thi metyl d6. Khi chat chi thi d6i mau, ghi dugc thé tich HCI
tiéu ton 1a 11,20 mL. Hay xéac dinh ndng d6 axit HCI (N, g/L)?

Bai 4. Xac dinh néng do dung dich NaOH, Na.CO3 trong hon hop bang
dung dich HCI

4.1. Phwong phap két tia Na2COs bang BaCl:
4.1.1. Co sé phwong phap

Khi cho dung dich hén hop (NaOH, NaxCO3) tac dung véi HCI, cac phan mg xay ra lan lugt

la:

NaOH + HCIl = NaCl + H,0 (4.1)
Na>COs + HCI = NaHCOs + NaCl (4.2)
NaHCOs + HCI = H,CO;3 + NaCl (4.3)

Khi phan tng (4.3) két thiic, toan by NaHCO;3 chuyén thanh H,COs, thanh phan dung dich
gém NaCl va H,COs, pH cua dung dich da axit, ma HxCO3 ¢6 Kai >> Ky (Ka1 = 4,46.107;
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Ka = 4,69.10°"" [1]) nén ching ta tinh pH cta dung dich don axit yéu véi hang s6 phan ly
Ka].

Chung ta lai biét ring d6 tan cua axit HoCOj3 trong nudc rat thip (ndng d6 H2CO;3 trong nudc
khodng 10*M).

H>CO3 = HCO;+ H'
Cb 0,0001—x X X
x2

Kai =

© 0,0001—x

=4,46.107 —x=10>"M—pH=5,18

Néu trong dung dich co chét chi thi metyl d6 c6 KBM (4,4-6,2) thi dung dich sé& ddi mau tir

vang sang hong.

Sau diém twong duong du 0,1% HCI, pH cia dung dich axit manh (chung ta cé thé bo qua su
phan ly proton cua da axit yéu), pH cua dung dich = 4,3.

Néu trong dung dich co chét chi thi metyl da cam (c6 KDM 3,1-4,4) thi dung dich sé& ddi mau

tor mau vang sang mau da cam.

Khi chat chi thi metyl da cam d6i mau, ghi thé tich Vi3 uci (thé tich HCI tic dung véi toan
by NaOH va Na:CO3).

Dé xac dinh dugc lugng HCI can thiét tac dung véi chi riéng NaOH, chiing ta két tia NaxCO3
trong hon hop bang BaCl, du:
BaCl, + Na,CO3; = BaCO3| + NaCl (4.4)
Str dung chat chi thi phenolphtalein biét dwoc thé tich Vi nc tic dung chi viéng véi NaOH:
NaOH + HCI = NaCl + H,O 4.5)

Tir d6 suy ra thé tich V2,3 ucy, thé tich HCI tic dung riéng véi Na;COs:

V23 uct =Viz23ua— Vinaa
4.1.2. Cach tién hanh

- Trang rua dung cu
- Nap dung dich HCI di x4c dinh nong d6 vao buret, dudi hét bot khi, chinh dén vach
“0” trude khi chuan do
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- Ly chinh x4c 10,00 mL hén hop NaOH, Na>CO; cho vao binh nén, thém 1-2 giot
chat chi thi metyl da cam, dung dich c6 mau vang.
- Chuan do bang dung dich HCI cho t&i khi dung dich chuyén mau tir vang sang vang
da cam, ghi thé tich V123 uci tiéu ton.
- Thyc hién chuan d6 it nhét ba lan (sai 1&ch khong qua +0,2 mL), léy gia tri trung binh.
- Lay chinh xac 10,00 mL hdn hop cho vao binh nén, két tia bang 5-7 mL dung dich
BaCl,, khong can loc két tua, thém 7-8 giot chét chi thi phenolphtalein, dung dich c6
mau hong.
- Chuan d6 bang dung dich HCI cho t6i khi dung dich mat mau hong, ghi thé tich Vi ucy
tiéu ton.
- Thyc hién chuan d6 it nhét ba lan (sai 1&ch khong qua +0,2 mL), léy gia tri trung binh.
4.1.3. Tinh toan
Nong do ciia NaOH duoc tinh theo cong thirc:

NNaOH = Vina X Nua (N)
hdn hop
CnaoH = NNaoH X PrNaon, (g/)

Nong d6 ctia NaxCOs3 dugc tinh theo cong thirc:

_ (V123 na—Vina) X Nua
NN32C03_ Vi . (N)
hon hop
CNazc03 = NNaZCO3 X DN32C039 (g/l)

Trong do: Vhs nhep= 10,00 mL
Vi pcr - 1 thé tich HCI tiéu tén cho phan tmg (4-5) duoc tinh trung binh tir ba

1an thi nghiém (khi chat chi thi phenolphatalein d6i mau).
V1,2,3 ner - 1a thé tich HCI phan tng vira du véi ca NaOH va Na>CO; duge tinh

trung binh tir ba lan thi nghiém (khi chét chi thi metyl da cam d6i mau).

105,998
DNaz CO3: 2

= 52,999 g/duong lugng gam

Praon =39,997 g/duong luong gam

Chung ta c6 thé tinh ndng d6 NaOH, Na>COs theo don vi mol/L:

V. x C
Craop = Y1HC X CHal , (M)
Vhén hop
_ (Vi23na-V1ua) X Caal
CNa,c0s= ) ™M)

2 X Vpgn hop
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Trong do: Chci 14 nong @6 dung dich chuan HCI (mol/L).

Vi dy: Chuan d6 10,00 ml hdn hgp NaOH + NaxCO; theo phuong phap dung két tia Na,COs
bang BaCly thu duoc két qua sau: sau khi thém BaCl, du vao hdn hop dung chat chi thi
phenolphtalein théy thé tich HCI1 trung binh ti€u tdn cho ba lan chuén do lan luot 1a 4,10; 4,20
va 4,15 mL. Khi chuin d6 10,00 ml hdn hop NaOH + Na,COs st dung chat chi thi metyl da
cam thiy thé tich HCI tiéu ton cho ba lan chudn d¢ lan luot 13 10,20; 10,10 va 10,15 mL. Hay
xéac dinh ndng d6 mol/L va ndéng do g/L ctua NaOH va NaxCO; trong hdn hop, cho biét nong
d9 ctia HC11a 0,1002 M.

Giai:
Céac phuong trinh phan ung (4.4) va (4.5) xay ra

4,10+4,20+4,15

Khi chét chi thi phenolphtalein d6i mau V; ¢ = .

=4,15mL

.1k Y oip - R T 10,20+10,10+10,15
Khi chat chi thi metyl da cam d6i mau Vi 5 3 yc = 2 =10,15mL

Cach I:
Nong do ciia NaOH (N) trong hon hop la:

Vina X Nper _ 415mL x 0,1002N
Vh6 nhop 10,00mL

Nnaow= =0,0416 N

Cnaon = 0,0416N x 39,997 g/duong lugng gam = 1,66 g/l
Néng d6 ctia Na2CO;3 (N) trong hdn hop 1a:

_ (Vaz3uc1-Vamer) X Ngal _ (10,15-4,15)ml x 0,1002N
thn hop 10,00ml

NNa,co, =0,0601N

Cna,co,= 0,0601N x 52,999 g/duong lugng gam = 3,19 g/L
Cach 2:
Nong d6 cia NaOH (M) trong hén hop la:

V1 uc1 X Cucl _ 415mL x 0,1002M
VhS nhop 10,00mL

CNaoH= =0,0416 M

Cnaon = 0,0416M % 39,997 g/mol = 1,66 g/L
Néng d6 ctia Na2CO3 (M) trong hdn hop la:

C _ (Vazsuc1—Vaner) X Cual _ (10,15-4,15)mL X 0,1002M _ 0.0301M
Na,CO3 2Vh5 nhop 2.10,00mL ’
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Chayco,= 0,0301M x 105,998g/mol = 3,19 g/L
4.2. Phwong phap dung hai chat chi thi
4.2.1. Co sé phwong phap

Khi cho dung dich hdn hop (NaOH, Na,CO:s) tac dung véi HCI, cac phan tmg xay ra 1an luot

la:

NaOH + HCI = NaCl + H,0 (4.6)
Na2CO3 + HCI = NaHCOs + NaCl (4.7)
NaHCO; + HCI = H,COs + NaCl (4.8)

Két thac phan ung (4.6) va (4.7), duoc thanh phan ciia dung dich 1a NaCl va NaHCOs, chiing

ta s& tinh pH ciia chat ludng tinh:
pH == (pKa1 + pKa2) = (6,35+10,33) = 8,34

Néu trong dung dich c6 chat chi thi phenolphtalein (c6 KPM tir 8-10) thi & thoi diém nay

dung dich s& mat mau hong.

Khi chat chi thi phenolphtalein d6i mau, ghi thé tich Vi.2 ua (thé tich HCI danh cho phan
ung 4.6 va 4.7).

. . . K .
Chung ta thay H2CO;3 c6 hang so axit K;“l < 10%, budc nhdy & diém tuong duong ctia phan
a2

mg 4-7 (tao thanh NaHCO3) khong di 16n, boi vay viée d6i mau cia chat chi thi & diém nay

khong 6 rang va do d6 viéc xac dinh diém tuong duong kém chinh xac.

Mit khac, Kpz ctia CO2~ qua nhé, budc nhay & DTD ctia phan tng 4-8 khong 10 rang.

Mot trong nhitng nguyén nhan lam giam d6 chinh xac cua phép xac dinh con do sy hap thu
COs trong khong khi (hodc trong niedc), vi thé ma mot phan NaOH bién thanh NaxCO;3 ngay
trong khi chuan do. Do d6 khi phan tich can:

- Pha lodng dung dich cin phan tich bang nudc khong chira CO».

- Chuan d¢ dung dich ngay khi 1y hdn hop.
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- Khi gan két thuc chuan 46 (véi chdt chi thi phenolphtalein) thém HCI cham dé tranh tao
H>COs tu do.

- Khéng lic dung dich qua manh néu khong sé tang cuong su hap thy CO..

- Dung mét luong phenolphtalein tuong dbi 16n (7-8 giot), néu dung it thi chat chi thi c6 thé
mat mau sém trudc diém twong duong do phenolphtalein nhay véi CO..

Khi phan tmg (4.8) két thiic, toan bd NaHCO3 chuyén thanh H,CO3, ching ta c6 thé tinh pH
ctua dung dich da axit. Mt khac, do H2CO3 c6 Kai >> Ka2 nén ching ta tinh pH cta dung dich

don axit yéu v6i hang s6 phan ly Kai.

Chung ta lai biét rang do tan cua axit HoCOs trong nudc rat thip (ndng d6 H>CO; trong nude

khodng 10*M).

H>CO3 = HCO;+ H'
Cb 0,0001—x X X
x2

=446.107 —x=105%M — pH=5,18

al

©0,0001—x

Néu trong dung dich ¢ chat chi thi metyl o c6 pT = 5 thi dung dich s& d6i mau tir vang sang
héng.

Sau diém twong duong du 0,1% HCI, pH cta dung dich axit manh (chung ta cé thé bo qua su
phan ly proton cua da axit yéu), pH cua dung dich = 4,3.

Néu trong dung dich c6 chat chi thi metyl da cam thi dung dich s& d6i méau tir mau vang sang

mau vang da cam.

Khi chat chi thi metyl da cam doi mau, ghi thé tich V.23 uci (thé tich HCI tic dung véi toan
bp NaOH va Na;CO3).

4.2.2. C4ch tién hanh

- Trang rua dung cu

- Nap dung dich HCI da xac dinh nong d¢ vao buret, dudi hét bot khi, chinh dén vach “0”
trude khi chuan do.

- Léy chinh xac 10,00 mL hdén hop cho vao binh nén, thém 7-8 giot chat chi thi

phenolphtalein, dung dich c6 mau hdng.

43



- Chuén d6 bang dung dich HCI cho t&i khi dung dich chuyén mau hong sang khong mau, ghi
thé tich V12 e tiéu ton.

- Thém tiép chét chi thi metyl da cam vao binh nén, dung dich c6 mau vang.

- Chuén d9¢ tiép bang dung dich HCI cho t¢i khi dung dich chuyén mau tir vang sang vang da
cam, ghi thé tich V123 sl tiéu ton.

- Thyc hién phép chuan d6 it nhét ba 1an (sai 1éch khong qua +0,2 mL), ly gia tri trung binh.
4.2.3.Tinh toan

Nong do ciia NaOH duoc tinh theo cong thirc:

2xV1 2 uca—Va2,3 Ha) X NHal

NNaoH = ( ) , N)
Vhén hop

CnaoH = NNaoH X PrNaon, (g/)

Nong d6 cia Na,COs dugc tinh theo cong thic:

_ ZX(‘_’l,z,s Ha—Vi2 HCl) X Nyl
Nna,co,= T ) N)
CNa,cos = NNa,co; % Pna,coss (gD

Trong do: Vhs nhop= 10,00 mL
Vl,z ucr 14 thé tich HCI tiéu ton cho phan tng (4.6) va (4.7) duoc tinh trung
binh tir ba 1an thi nghiém (khi chat chi thi phenolphatalein d6i mau)
V1,2,3 uar 12 thé tich HCI phéan tng vira du véi ca NaOH va NaxCOs dugc tinh

trung binh tir ba lan thi nghiém (khi chét chi thi metyl da cam d6i mau)

Chting ta c6 thé tinh néng d6 NaOH, Na,COs3 theo don vi mol/L:

2%V -V. x C
CNaOH = ( 1210~ V123 H0) X CHal , (M)
Vhén hop
_ (Vi238a0~V12Ha) X Cual
CNaz C03_ V.« ) (M)
hon hop

Trong do: Cuci 12 ndng @6 dung dich chuan HCI (mol/L)

Vi dy: Chuan d6 10,00 mL hdn hop NaOH + Na,COs theo phuong phéap dung hai chat chi thi
thu dugc két qua sau: khi dung chat chi thi phenolphtalein thay thé tich HCI tiéu ton cho ba
1an chuan do 1an luot 1a 7,20; 7,10 va 7,30 mL va khi su dung chét chi thi metyl da cam théy
thé tich HCI tiéu ton cho ba lan chuan d lan luot 1a 11,20; 11,30 va 11,40 mL tiéu ton 11,30
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mL. Hay xac dinh néng d6 mol/L va ndng d6 g/L ciia NaOH va NayCOs trong hdn hop, cho
biét ndng d6 caa HC1 12 0,1000 M.

Giai:

Céc phuong trinh phan ung xay ra: (4.6), (4.7) va (4.8)

7,20+7,10+7,30

Khi phenolphthalein d6i mau - V; , ¢ = -

=7,20mL

. PN o 11,20+11,40+11,30
Khi metyl da cam doi mau - V; ;3 y¢ = . =11,30 mL

Vhénhep = 10,00 mL

Chca=0,1000 M

Cdch 1:

Nong d6 cia NaOH (N) trong hdn hop 1a:

_ (2xV1 2 nc1=Viz3 ua) X Nuc

NN2OH
Vhé nhop

_ (2x7,20-11,30)ml x 0,1000N
10,00 ml

= 0,03100N

Cnaon = 0,03100N x 39,997g/duong luong gam = 1,240 g/L
Nong d6 cia NaxCOs (N) trong hdn hop 1a:

2%(Vq,2,3Hc1—V1,2 HCl ) X NHcl 2 % (11,30-7,20)mL X 0,1000N
NNa,cos= (Va2 01 -V12 o) = = 0,08 200N

Vh6 nhop 10,00 mL

Cra,co, = 0,08200 N x 52,999 g/duong lrgng gam = 4,346 g/L
Cdch 2:
Nong d6 cia NaOH (M) trong hén hop 1a:

_ (ZXVLZ HC1— V12,3 Hcl) % Cycl

CNaoH v
hé nhop

_ (2x7,20-11,30)ml x 0,1000M
10,00 ml

=0,03100M
Cnaon = 0,03100M x 39,997g/mol = 1,240 g/L
Nong do ciia NaxCO3 (M) trong hdn hop a:

_ (Vi23101=Va21c1) X Cual _ (11,30-7,20)ml x 0,1000M
Vh6 nhop 10,00 ml

ChNa,Cos = 0,04100M

CNayco, = 0,04100 M x 105,998 g/mol = 4,346 g/L
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4.3. Dung cu va héa chét

- Coe c6 md 100 mL

- Ong dong

- Binh nén

- Buret

- Pipet 10 mL

- Qua bop cao su

- Chét chi thi phenolphtalein, metyl da cam

- BaCl2 5%

- Dung dich HCl

- Dung dich hdn hgp NaOH + Na,COs (miu kiém tra)

4.4. Cau hoi on tap
1. Viét phuong trinh phan ting ctia qué trinh CO; trong khong khi thAm nhap vao dung dich

kiém dé giai thich sy c6 mit ciia Na,COs trong dung dich.

2. Néu cach tién hanh chuan d hon hop NaOH va Na,COs bang dung dich HCI sir dung hai
chit chi thi, cong thirc tinh toan két qua phan tich, tai sao néi phuong phap chuan d6 nay kém

chinh xac?

Biét: Axit HyCO3 ¢6 Kai = 4,46.107, Koo = 4,69.107"1.

CCT KbM Mau dang axit Mau dang bazo
Metyl da cam 3,1-44 Da cam Vang
Phenolphtalein 8,0—-10,0 Khéng mau bé

3. Néu cach tién hanh chuin d6 hdn hop NaOH va NayCO; bing HCI ¢6 st dung BaCl, dé
két tia hét NaxCOs, cong thire tinh toan két qua phan tich. C6 thé dung chat chi thi metyl da
cam dé chuén d6 khi c6 mat két tia BaCO3 hay khong, tai sao?

Biét: metyl da cam c6 khoang ddi mau 3,1- 4,4

4. Khi chuan @ dung dich hdn hgp NaOH, Na,COs sir dung BaCl, dé két tia CO3~, néu
ching ta khong loc két tia thi c6 thé ding metyl da cam dé xac dinh diém tuong dwong hay

khong?
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5. Néu cach tién hanh chuan d6 hdn hgp NaOH va Na,CO; bang HCI c¢6 sir dung BaCl, dé
két tiia hét Na>xCOs, cong thirc tinh toan két qua phan tich. Trinh bay cach kiém tra C 03~ da bi
két tia hét hay chua.

6. Chuan d6 20,00 mL hdn hgp NaOH + Na,COs theo phwong phap ding hai chat chi thi thu
dugc két qua sau: khi dung chat chi thi phenolphtalein thiy thé tich HCI tiéu ton 1a 14,25
mLva khi str dung chit chi thi metyl da cam thay tiéu ton 21,34 mL. Hay xac dinh nong do
duong lugng va ndng d6 g/L cua NaOH va NaxCO; trong hdn hop biét nong do cua HCI 1a
0,1116 M.

7. Chuan d6 10,00 mL hén hgp NaOH + Na»COs theo phuwong phap dung két tia Na>COs
bang BaCl, thu dugce két qua sau: sau khi thém BaCl, du vao hdn hop dung chat chi thi
phenolphtalein thay thé tich HCI tiéu t6n 14 4,60 mL. Khi chuan d¢ 10,00 mL hdn hgp NaOH
+ NaxCOs sir dung chét chi thi metyl da cam thdy tiéu ton 10,30 mL. Hiy xac dinh nong do
duong lugng va ndng d6 g/L cua NaOH va NaxCO; trong hdn hop biét nong do cua HCI 1a
0,1082 M.

Bai 5. Xac dinh néng do NaOH bang Kali hydro Phthalat va xac dinh
nong d6 HCl, HzPO4 trong hon hop bang dung dich chudn NaOH

5.1. Xac dinh néng ddé NaOH bang Kali hydro Phthalat
5.1.1. Co sé phwong phap

Kali hydro phthalat, thwérng dwec goi don gian 1a KHPh, 1a mot hgp chat muéi axit. N6 ¢
dang bot trang, tinh thé khong mau va khi tan trong nwéc 1a dung dich khong mau. N6 c6
tinh axit va thwong dwoc st dung nhw mot chat chudn goc trong chuin do axit-bazo vi
né 1a hop chat 6n dinh, bén trong khéng khi, c6 khdi lwong mol 16n (204,233g/mol), dé
can chinh xac. Tuy nhién, né cé tinh hut 4m nhe, nén thwong dworc gilt trong binh hiat 4m
truwde khi dem st dung. Ngoai cac tinh chat vira néu trén, doé pH cia KHPh trong dung

dich la rat 6n dinh nén noé ciing dwoc dung nhw mot chit géc dé chuin héa thang pH.

Trong nwédc KHPh phén ly hoan toan thanh cation K* va anion hydro phthalat
HPh~(phdn ttng 1). KHPh dwoc str dung dé chudn dé mot bazo, vi du nhw NaOH (phdn
wng 2).
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Tai diém twong dwong, pH cia dung dich dwoc tinh theo pH ctia mot da bazo yéu
Phthalat. Axit phthalic ¢6 Ka1 = 1,12.10-3 va Ka2 = 3,9.10-6. Do vy, ta c6 thé tinh dwoc
Kb1 va Kb2 twrong (rng ctiia bazo Phthalate 1a 2,5641.10-° va 8,9.10-12. Do Kb2 nh6 hon kha
nhiéu so v&i Kb1 nén cé thé coi sy phén ly ra OH- cia da bazo phathalat do nic thir nhat

la chi yéu. Gia st nong do cua bazo phathalat la 0,10M, khi do:

Ph2- + H20 = HPh- + OH-

Cb 0,1-x X X
x2 2
=Kb1 ¢+ =2,5641.10-°
0,1—x 0,1—x

— x=[OH-] = 10-480 M — pOH = 4,80 - pH = 9,20

pH tai diém twong dwong la 9,20, chit chi thi thich hop dé xac dinh diém twong dwong
cta phan &ng chuin dé c6 thé la phenolphthalein (c6 KPM tir 8-10) [10].
5.1.2. Céch tién hanh

a. Pha ché dung dich chuan KHPh

Niupn = —2— 1000 (N (5.1)
Dkuph o
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Vi Vo, 1a thé tich dung dich can pha, mL

Tinh luong cin m, (g) KHPh can thiét dé pha ché 250 ml dung dich KHPh 0,10000M, biét
Mgupn = 204,233 g/mol:

g
_ Oy X Dyupnx V _ %10000N x 204,233 (Fraiomsgam) X 2500 mL

1000 1000

ma =5,1058 g

Can KHPh trén cin phan tich mot luong khoang m, (g) trén cdc can voi do chinh xéc
0,0001g, chuyén lugng can vao binh dinh muac 250,0 mL qua phéu. Trang rira phéu va cdc

can nhiéu lan bang nude cat am (<60 °C), lugng nudc cat am vira di dé hoa tan hét KHPh.

Pinh mirc bang nudc cat ngudi dén vach mire. Lac déu cho dung dich dong nhat trudce khi sir

dung.

Tir lugng can thuc té trén can phan tich, chung ta tinh lai ndng do dung dich KHPh di pha:

Ma 1000 _ m, (g) . 1000 (5.2)
Pkupn Vo 204,233(4) 250ml .

dwmg lvong gam

NkHph =

b. Pha ché dung dich NaOH ~ 0,IN

Pha 500 mL dung dich NaOH ~ 0,1N tor NaOH ran.

Luong NaOH (rén, My,on = 40,0 g/mol) can thiét (m, gam) dé pha ché 500 ml (Vo) dung
dich NaOH ~ 0,IN:

g
Cn X DnaoH X Vo 0,1N > 40,0 (d wmg hro'nggam) X 5000 mL
ma = = =20g
1000 1000

St dung can k¥ thudt, can mdt luong khoang 2 gam NaOH ran vao cbc 100 mL, thém nudc
cat dén khoang 60 ml, khudy cho tan hét (dung diia thuy tinh). Sau d6, chuyén dung dich sang
cbc 500 mL, trang lai cdc (cdc 100 mL) nhidu 1an va thém nudc cit dén khoang 500 ml,

khudy déu.

c. Chuén do dung dich NaOH
- Trang rua dung cu
- Nap dung dich NaOH vao buret, dudi hét bot khi, chinh dén vach “0” trudc khi chuan d6
- Léy chinh xac 10,00 mL dung dich KHPh cho vao binh nén, thém 7-8 giot chét chi thi
phenolphtalein, dung dich khong mau.
- Chuan d6 bang dung dich NaOH cho t6i khi dung dich chuyén mau tir khong mau sang mau
hong, ghi thé tich NaOH tiéu t6n.
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- Thyc hién phép chuan d9 it nhét ba lan (sai 1éch khong qua +0,2 mL), 13y gi4 tri trung binh.
5.1.3. Tinh toan

Ap dung dinh luat tic dung duong luong:

Vi X N
NNaOH = KHPll KHPh (N)

VNaoH
Trong do: Vkupn= 10,00 ml
Vnaon 12 thé tich NaOH tiéu ton dugc tinh trung binh tir ba 1an thi nghiém (khi
chat chi thi phenolphatalein d6i mau)
Ninpn 14 ndng d6 cua dung dich chuan KHPh da pha ché va duogc tinh theo
cong thiic 5.2
Chung ta c6 thé tinh ndng d6 ciia NaOH theo don vi mol/l:

VKHB h-CkHPh (M)

CnaoH=
VNaoOH

Trong do: Cxnpn 12 ndng do ciia dung dich chuan KHPh (M) da pha ché.

Vi du: 2,4034g Kali hydro Phthalat (204,233g/mol) dwgc pha ché thanh 250 mL dung
dich. Lay chinh xac 10,00 mL dung dich nay chuin do xac dinh néng dé dung dich NaOH
thiy tiéu tén cho ba lan thi nghiém lan lwot la 9,24; 9,28 va 9,32 mL (chét chi thi
phenolphtalein d6i mau). Hay xac dinh néng dé6 NaOH (M, g/L).

Giai:
Phuong trinh phan tng chuan do 1a:

HPh™ + OH =Ph*> + H,O

Thé tich NaOH trung binh: Vy,op= 9,24+9.3ﬂ =9,28 ml

Chung ta c6 thé xac dinh ndng do theo hai cach.
Cach I:
Nong do KHPh (N) da pha ché:

m, 1000 _ 2,4034(g) 1000

Nkuph = x = = x =0,04707 N
DKHPh VO 204,233(W) 250,0mL
Nong do NaOH la:
\% X N 10,00ml x 0,04707N
Niaop= —HE——HHER. = =0,0507N
VNaOH 9,28mL

Cnaon = 0,0507N x 39,997g/duwong luong gam= 2,03 g/L
Cach 2:
Nong d6 KHPh (M) da pha ché:
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m, 1000 _ 2,4034(g) 1000

Cn = MkHPh : Vo 204,233(%1)) *250,0mL =0,04707 M
Néng do NaOH la:
CNaoH= Vinph X Cguph _ 10,00ml X 0,04707M _ 0.0507M

VNaOH 9,28ml
Craon = 0,0507M x 39,997g/mol = 2,03 g/L
5.2. Xac dinh ndng dd HCI va HsPOa4 trong hén hop bang dung dich chuan
NaOH
5.2.1. Co sé phuong phap

Chuan d6 mot hdn hop hai axit bing mot bazo manh, cac phan tng xay ra lan lwot la:

NaOH + HCl = NaCl + Hz20 (5.3)
NaOH + H3PO4 = NaH2PO4 + H20 (5.4)
NaOH + NaH2PO4 = NazHPO4 + H20 (5.5)
NaOH + Na2HPO4 = Na3POs + H20 (5.6)

0.12
0.10 /

0.08 /

0.06 /

0.04

0.02 -

0.00

0.00 0.10 0.20 0.30 0.40 0.50

Hinh 5.1. Dang dwong chuidn do hon hop (HCl+HsP04) bing NaOH

Qua trinh chuin d6 hén hop HCI+H3P04 1a mdt qua trinh phirc tap mic du H3PO4 1a mot
da axit yéu (Ka1 = 7,11.103, Kaz2 = 6,32.108, Ka3z = 4,5.10-13 [2]). Chlng ta phai tinh t&i
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noéng do H* do sy phén ly ctia H3PO4 & nic th nhat néu phan &ng chuin dé dang duoc
thwc hién & phan tng (5.3) do Ka1 ctia H3PO4 khong qua nhé. Dang dwdng chuin dd hon
hop HCI+H3PO4 bang NaOH dwoc minh hoa trén hinh 5.1. Ching ta nhin thiy c6 hai
bwéc nhay pH. O bwéc nhay thir nhit (g véi phan tng (5.4) vira két thic. O bwéc nhay
th hai ng v&i phan ng (5.5) vira két thic.

Tai diém twong dwong ctia phan rng 5.4, pH ctia dung dich chit lwdng tinh NaH2PO4 (gia

st c6 nébng d6 0,1M):

H,PO; = H* +HPO%~ Kaz

1
HPO2™ +H* = H3PO4 —
al

PH =2 (pKat + pKaz) =~ (2,15 + 7,20) = 4,68

Chat chi thi metyl da cam (khodng pH déi mau 3,1 dén 4,4) [1] c6 thé dwoc sir dung dé

xac dinh diém twong dwong.
O’ diém twong dwong clia phan tng (5.5), pH ctia chat luéng tinh NazHPO4:

HPO2~ =H* +P03" Kas

HPO2~ +H* = H,PO; L
Kaz

pH = % (pKaz + pKa3) = % (7,20 +12,35) =9,80

Chat chi thi phenolphtalein (khodng pH d6i mau 8,0 dén 9,6) [1] c6 thé dwgc st dung dé

xac dinh diém twong dwong.

Nhuw vay, chung ta c6 thé str dung chit chi thi metyl da cam va phenolphtalein dé xac
dinh tirng thanh phan axit trong hén hop.

5.2.2. Céch tién hanh

- Trang rua dung cu

- Nap dung dich NaOH vao buret, dudi hét bot khi, chinh dén vach “0” trudc khi chuan do

- Lay chinh xac 10,00 mL hdn hop hai axit cho vao binh nén, thém 1-2 giot chat chi thi metyl

da cam, dung dich c6 mau da cam.
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- Chuan d¢ bang dung dich NaOH cho téi khi dung dich chuyén mau tir da cam sang vang,
ghi thé tich NaOH tiéu ton V12 Naon.

- Thém tiép 5-7 giot chat chi thi phenolphlein vao vao binh nén (khi d6 dung dich van la
mau vang), chuin do tiép t&i khi dung dich chuyén sang mau hong thi két thic chuan do,
ghi thé tich V123 NaoH.

- Thyc hién phép chuan d9 it nhét ba lan (sai 1éch khong qua +0,2 mL), 13y gia tri trung binh.
5.2.3. Tinh toan

Nong do HCI trong hdn hop duoc tinh theo cong thirc:

2X V- -V x N
NHC]= ( 1,2 NaOH . T,Z,S NaOH) NaOH , (N)
hon hop
Cucl = Nua X Pua, (g

Nong d6 H3PO4 trong hdn hop dugce tinh theo cong thic:

— 3 x (‘_/1,2,3 NaOH_‘_ll,Z NaOH) X NNaoH
Nh,p0,= Ve~ ’ N)
hon hop
CH3PO4, = NH3P04 X DH3P049 (g/l)

Trong do: Vhénhop = 10,00 mL
V1 2 Naow 18 thé tich NaOH tiéu tén danh cho phan tmg (5.3) va (5.4) dugc tinh
trung binh tir ba lan thi nghiém (khi chat chi thi metyl da cam d6i mau)
V12,3 Naon 12 thé tich NaOH tiéu tén cho phan tng (5.3), (5.4) va (5.5) duoc
tinh trung binh tir ba lan thi nghiém (khi chét chi thi phenolphatalein d6i mau)
Cnaon 12 ndng d6 ctia dung dich chuan NaOH (da xac dinh néng d6 & phan
5.1)
Duci = 36,461 g/duong luong gam

DPu,po,= @ = 32,665 g/duong lugng gam
Vi dy: Chudn d6 10,00 mL dung dich hén hop HCl va H3PO4 bing dung dich chudn NaOH
0,0507M. Dau tién chat chi thi metyl da cam dwoc dwa vao, khi chit chi thi nay déi mau
thay thé tich NaOH tiéu ton cho ba lan thi nghiém lan lwot 1a: 5,80; 5,86 va 5,82 mL. Sau
d6 chat chi thi phenolphtalein dwoc thém vao va khi chat chi thi nay d6i mau sang hong
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thay thé tich NaOH tiéu tén cho ba Ian thi nghiém lan lwot 1a 7,25; 7,20 va 7,28 mL. Hay
xac dinh ndng d6 cua HCl va H3PO4 trong hdn hop.
Giai:
Phuong trinh phan tmg chudn do: (5.3), (5.4), (5.5) va (5.6)
V12 Naon 18 thé tich NaOH tiéu ton danh cho phan tng (5.3) va (5.4) dugc tinh trung binh tir

ba lan thi nghiém (khi chat chi thi metyl da cam d6i mau)

— 5,80+5,86+5,82
VizNaon =——>——=35.83mL

V12,3 Naow 12 thé tich NaOH tiéu tén cho phan tng (5.3), (5.4) va (5.5) dugc tinh trung binh
tir ba lan thi nghiém (khi chat chi thi phenolphatalein d6i mau)

7,25+7,20+7,28

V12,3 NaOH = =7,24 mL

Nong do HCI trong hdn hop la:

2%V 2 NaoH—V1,2,3 NaoH) X NNaon _ (2%5,83-7,24)x 0,0507
NHcr= ( 2 aon) === =0,0224N
Vhé nhop 10,00

Chuct = Nuct X Puci = 0,0224N x 36,461g/duong lugng gam = 0,817 g/
Nong d6 H3PO4 trong hdn hop 1a:

3%X(V123 NaoH—V1,2 NaoH) X NNaon _ 3%(7,24—5,83) X 0,0507
Nhu,p0,= (V123 NaoH Va2 NaoH) X NivaOH _ =0,0214 N

Vs nhop 10,00

Ch,po, = Ni,po, X PH,po,= 0,0214N x 32,665 g/duong lugng gam = 0,699 g/L

5.3. Dung cu va héa chat

- Cde ¢6 mé 100 mL

- Binh nén

- Buret

- Pipet 10 mL

- Qua bop cao su

- Chét chi thi phenolphtalein, metyl da cam

- Kali hydro phthalat tinh khiét

- Dung dich NaOH

- Dung dich hdn hgp HCI + H3PO4 (mAu kiém tra)
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5.4. Cau hoi on tap

1. Néu co so phuong phap xac dinh NaOH bang Kali hydro Phthalat.

2. Tinh khéi luong tinh thé KHPh (M = 204,233 g/mol) cn dé pha 250 ml dung dich KHPh
0,1M. Trinh bay cach pha. Tai sao tinh thé KHPh dugc chon dé pha dung dich chuan gbc?

3. Néu cach tién hanh chuan d6 hdn hop HCI va H3POs st dung hai chét chi thi, cong thirc
tinh toan két qua phan tich. Cho biét KDM ciia metyl da cam (3,1 — 4,4), phenolphtalein (8,0
—10,0). Axit H3PO4 c6 Ka1 = 7,11.107, Kaz = 6,32.107%, Kaz = 4,5.107".

3. 2,5058¢g Kali hydro Phthalat (204,233g/mol) dwoc pha ché thanh 250 mL dung dich.
Lay chinh xac 10,00 mL dung dich nay chudn d6 xac dinh néng do dung dich NaOH thiy
tiéu tén 9,24 mL. Hay xac dinh néng d6 NaOH (N, g/L).

Sau khi xac dinh xong néng dé cua dung dich NaOH, dung dich nay dwoc st dung dé
chuin d6 10,00 mL dung dich hon hop HCl va H3POs. DAu tién chat chi thi metyl da cam
dwoc dwa vao, khi chit chi thi nay d6i mau thiy tiéu tén hét 5,60 mL dung dich NaOH.
Thém tiép chit chi thi phenolphtalein vao va khi chit chi thi nay d6i mau sang héng thiy
tiéu tén 9,56 mL. Hiy xac dinh ndng do cta HCl va H3PO4 trong hon hop.

Bai 6. Xac dinh nong do KMnO. str dung H2C204.2H20 va xac dinh néng
do FeS04 bang dung dich KMnO.

6.1. Xac dinh nong dd KMnO4 str dung H2C204.2H20

KMnO4 khong dugc sir dung nhu mot chit chuén géc vi mét lugng nhé két thia MnO; c6 thé
c6 mit. Ngoai ra khi pha lodng bang nudc cat, nudc cat thudng chira cac tap chét hitu co du
dé khir MnO Zvé MnO». Chuén bi dung dich géc co néng dd 0,02M, chung ta hoa tan KMnO4
trong nudc cét, dun sbi trong mot gid dé day nhanh phan ung giita MnO ; v6i tap chat hitu co,
sau do6 loc bang phéu loc thity tinh dé tach phan két tia MnO,. Khong duoc st dung gidy loc

(chdt hitu co la mét van dé!). Bao quan dung dich KMnOs trong binh thiy tinh mau tbi.
Dung dich KMnOj4 khéng 6n dinh do phan tmg:

MO 3 +2H20 — 4MnO3| +30; + 40H"
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Phan ung dién ra cham trong su c6 mit cia MnO2, Mn*", nhiét, 4nh sang, cic axit, bazo.
Chinh vi vay KMnOj4 phéi dugc chuén d6 lai dé dung cho cac cong viéc doi hoi chinh xac.
6.1.1. Co sé phwong phap
Trong mdi trudng axit axit manh:

2 | MnOj +5e +8H'=Mn*" + 4H,0 Ef\’,moﬂl\,mpr =151V

5 | C,05” —2e =2C0O2

2Mn0; +5C,0% + 16H" = 2Mn*" +10CO, + 8H,0

2KMnO4 + 5H2C204 +3H2SO4 = 2MnSO4 + 10CO2 + K2SO4 + 8H20 (6.1)
Diic diém phén vng:
Phan ung dién ra trong méi truong axit manh.

Luc dau phan ung xay ra cham, dé tang téc do phan tmg trudc khi chuan can dun néng dung

dich H2C204 dén khoang nhiét d6 70°C (khéng dun séi dé tranh H>C204 bi phén hiiy).

Sau diém tuong duong, du KMnOs dung dich c6 mau hdong nhat, khong can chét chi thi
(phdn ung tu chi thi).

Trong truong hop dung dich chuan d6 qué lodng, chiing ta khé nhan thdy sy d6i mau (cé thé
mdc phdi sai s6 16m) thi c6 thé dung chat chi thi oxy hoa khir feroin.

6.1.2. Céch tién hanh

a. Pha ché dung dich HyC204 tir HC204.2H,0

Cn=—"a 1000 , (N) (6.2)

DPHyc042H0 Vo

Vi Vo, 1a thé tich dung dich can pha, mL

Tinh lugng cin m, (g) H2C204.2H,0 can thiét dé pha ché 250 ml dung dich HoCsOs
0,05000N, biét My, c,0, 21,0 = 126,065 g/mol

Dé co thé tich chinh xac 250 ml dd dung binh dinh mikc:

— CN X DH,0504.2H,0 X Vo _ CN X MH,¢;04.2H,0 XVo _ 0,05000X126,065X250,0 _ 0.7879
a 1000 2x1000 2x1000 ’ g

Tu lwong cén thuc té trén can phan tich, chung ta tinh lai néng d6 dung dich H>C4O4 da pha:

m, 1000 _ m,(g) 1000
X -_ X
PHycy042H0 Vo 63,032(———2——) " 250mL

d wang lwong gam)

Cn=

(6.3)

Cach pha:
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Can H>C>04.2H,0 bang can phan tich voi khéi lugng khoang m, (g) trén cbc can voi do
chinh xac 0,0001g (n5ng do Cn duoc tinh lai voi lwong can thuc té), chuyén lugng can vao

binh dinh mtrc 250,0 mL qua phéu. Trang rira phéu va cdc can nhiéu lan bang nudc cét.

Dinh mirc bang nudc cat dén vach mirc. Lic déu cho dung dich dong nhét trude khi sir dung.

b. Chuén d6 dung dich KMnO4 bang dung dich H>C>04
- Trang rua dung cu

- Nap dung dich KMnO4 can xac dinh néng do vao buret, dudi hét bot khi, chinh dén vach
“0” trudce khi chuan do

- Lay chinh xac 10,00 mL dung dich H>C>04 cho vao binh nén, thém khoang 5-7 mL dung
dich H2SO4 6N, dun dén khoang 70 °C (thuc hién tirng binh mgt).

- Chuan d6 dung dich H2C204 vira dun néng, luc dau nho vai giot KMnOs, lic déu dén khi
dung dich mat mau hong tim.

- Sau d6 chuén do voi toc do thuong cho t6i khi dung dich xuét hién mau héng nhat khong
mat trong khoang 30s thi két thuc chuan do, ghi thé tich KMnOs tiéu ton.

- Thyc hién phép chuan d6 it nhét ba 1an (sai 1éch khong qua +0,2 mL), ly gia tri trung binh.
6.1.3. Tinh toan

Ap dung dinh luat tic dung duong luong dé tinh ndng do ciia KMnOs:

NH,c,04 X VHyC50

_ VHpCp04 2C204

NKMH04 - V 9 (N)
KMnO,

Ckmno, = Nkmno,* Pxmno,s (gn)

Trong do: Vh,c,0, = 10,00 ml
VkMno , la thé tich KMnOj tiéu tén duoc tinh trung binh tir ba lan thi nghiém
(khi dung dich c6 mau phét hong)
Nh,c,0, 12 ndng do duong luong cua dung dich chuan HoC204 di pha ché tinh
theo (6.3)

Pkmno, = MKI\;HO"‘ = 158é034 = 31,607 g/duong lugng gam

Chung ta c6 thé tinh nong d6 KMnOs theo don vi mol/L:

2XCHycp04 X VHpCp04

Ckmno, = 5xViomog ) ™M)
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Trong do: Ch,c,0, 18 noéng d6 mol/L cua dung dich chuan H,C>04 di pha ché tinh theo
(6.3)

Vi dy: Céan 0,7365 g H2C204.2H20 (M, c,0,.21,0 = 126,065 g/mol) pha ché thanh 250,0 mL
dung dich (st dung binh dinh muc 250 mL). Ly chinh xac 10,00 ml dung dich nay dem
chudn d6 voi KMnOy trong méi truong axit manh H,SO4 thiy thé tich tiéu tén cho ba lan
chuan d6 lan luot 1a 10,20; 10,22 va 10,24 mL KMnOs. Hiy tinh ndng d6 KMnOs ra don vi
mol/l va gam/l (Mgmno,= 158,034 g/mol).

Giai:
Phuong trinh phan Gng xdy ra: (6.1).

10,20+10,22+10,24
3

Thé tich trung binh KMnOs4 tiéu t6n: Vigmno W= =10,22 mL
Chung ta c6 thé x4c dinh ndong d6 KMnOx theo hai cach.

Cach I:
Nong d6 dung dich chuan HoC>04 (N) da pha ché:

my _ 1000

N =
H2C204 DPH,cp042H0 Vo

0,7365 1000
= . x =0,04674 N
63,032(———>———) 250,0mL
dwonguwong gam

Nong d6 dung dich KMnOs sé la:

NH,c,04 X VH,C0 0,04674N X 10,00mL
N =—2=2=4 2t = - =0,04573 N
KMnO,4 VkMno, 10,22mL ’

Ckmno, = 0,04573 N x 31,607 g/duong luong gam = 1,446 g/L

Cach 2:
Nong d6 dung dich chuan H>C>O4 da pha ché:

m, 1000 0,7365g 1000
X —_— X
Mu,c,042H,0 Vo 126,065(%1)) 250,0mL

CH2C204 = = 0,02337 M

Nong d6 dung dich KMnOs s& la:
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2XCH,C,04 X VH,C,0 2 % 0,02337M X 10,00mL B
CkMno, = At _—2t2t — =9,147.10° M

5XVKMno, 5x10,22mL

Ckmno, = 9,147.107 M x 158,034g/mol = 1,446 g/L

6.2. Xac dinh nong dé dung dich FeSO4 bang KMnO4
6.2.1. Co sé phwong phap

Trong mdi trudng axit axit manh:
2 | Mi0g +5e +8H =Mn*" +4H0  Ey oo pp2s = L5V

5 Fe?" + le” =Fe**

MnO; + 5 Fe?" + 8H" = Mn?" + 5 Fe** + 4H,0 (6.4)
2KMnO4 + 10FeSO4 +8H2SO4 = 5Fe2(SO4)3 + 2MnSO4 + K2SO4 + 8H20

Diic diém phén tng:

Sau diém tuong duong, du KMnOs dung dich c6 mau hdong nhat, khong can chét chi thi

(phdn ung tw chi thi).

Trong truong hop dung dich chuan d6 qué lodng, chiing ta khé nhan thdy sy d6i mau (cé thé

mdc phdi sai s6 1ém) thi c6 thé dung chat chi thi oxy hoa khir.

M@éi trwong phén irng: phan ung dién ra trong moi truong axit manh, néu moi truong axit

khong dii manh c6 thé xay ra phan tng:
MnO ;+ 3¢ +4H" = MnOy; + 2H,0

Chung ta sir dung hén hop HSO4 va H3POs dé tao moi truong axit, trong d6 H3PO4 c6 vai
trd chinh 1a tao phtic [Fe(HPO4)2] ~ khong mau v6i Fe** 1am mat mau vang cua Fe** dugce tao

ra trong phan tmg chuan d¢, gitp cho viéc x4c dinh diém tuong duong mét cach dé dang.

Khong chon HNOs 1am mdi truong vi HNOj3 1a chit oxy hoa manh, s& nhanh chéng oxy hoa
Fe?* thanh Fe®".

Fe?* +NO3 +2H" =Fe*" + NO, + H,O

Khong chon HCI lam méi truong vi KMnO4 oxy hoa duge Cl:
2KMnOy + 16HCI — 2KC1 + 2MnCl; + 5CI, + 8H20 (6.5)
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(6.4) va (6.5) 1a phan tng lién hop, khi (6.4) xay ra thi (6.5) xay ra véi téc do dang ké. Néu

(6.5) xay ra, s€ tao ra Clz 1a mét chét oxy hoa:
Cly + 2Fe*" =2Fe’" + 2CI- (6.6)

Nhu vay, Fe** dd bi oxy hoa thanh Fe*" véi mot luong twong duong luong Fe** bi
KMnO; oxy hoa thanh Fe**. Tic 1a coi nhu (6-5) khong anh huéng dén phép phan tich. Tuy
nhién, thyc té Cl, sinh ra bi bay di mot phan dén t6i phép chuan d6 méc sai s duong. Ngudi
ta c6 thé dua thém MnSO4 vao dung dich chuan d6 dé giam thé oxy hoa khir cia cip MO 5/
Mn 2%, khi d6

Evnoy jun2t < Eciy2c1-

Do vay, MnO ; khong thé oxi hoa dugc ion Cl-, ma chi oxi hoa chon loc ion Fe?*.

6.2.2. Céch tién hanh

Trang rira dung cu

Nap dung dich KMnOj vao buret, dudi hét bot khi, chinh dén vach “0” trudc khi chuan do
Lay chinh xac 10,00 mL dung dich FeSO4 & miu kiém tra cho vao binh nén, thém khoang 5-
7 mL dung dich hon hop hai axit (H2SOs + H3PO4) 6N.

Chuan d¢ bang dung dich KMnO4 t6i khi dung dich xudt hién mau hong nhat khong mat
trong khoang 30s thi két thiic chuan do, ghi thé tich KMnO4 tiéu ton.

Lam it nhat ba 1an (sai léch khong qua £0,2 mL), ldy gia tri trung binh.

6.2.3. Tinh toan

Ap dung dinh luat tic dung duong luong dé tinh nong do ciia FeSOu:

__ Ngmno, X Vkmno,

Nreso, = —mos™ Km0y ™)

Vreso,
Creso, = Nreso, X Dreso, (g/L)
Trong do: Veeso, = 10,00 mL
VkMno , la thé tich KMnOs tiéu ton duoc tinh trung binh tir ba lan thi nghiém
(khi dung dich c6 mau phét hong)
Nkwmno, 12 nong do dwong lugng cia dung dich chuan KMnO4 d xac dinh &

phan 6.1
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Chung ta c6 thé tinh nong do FeSO4 theo don vi mol/L:

5XCgMno, X VRMno, (M)

b

C =
FeSO4 VFESO4

Trong d6: Ckmno, 12 ndéng do ciia KMnO4 (mol/L)

Vi du: Can 3,2005 g quing st c6 Fe;O3 va céc tap chét tro khac dem hoa tan trong dung dich
HCI du duge 100,0 ml dung dich A (st dung binh dinh muc 100,0 mL). Léy chinh xac 10,00
mL dung dich A cho mdi 1an thi nghiém va khir Fe** bang Zn hat dén hoan toan (toan b Fe**
chuyén thanh Fe?"), sau d6 chuan do dung dich thu dugc bang KMnOs 9,147.10° M trong
mdi truong (H2SO4+H;PO4+MnSOy), thay thé tich tidu ton cho ba lan thi nghiém lan luot 1a
8,24; 8,28 va 8,20 mL KMnO,. Tinh phan trim Fe,O; trong quing biét ring khéi lwong mol

cua Fe;03 14 159,69 g/mol.
Giai:

Phan tng hoa tan mau quing: 6HCI + Fe;03 = 2FeCls + 3H,0

Phan ung khir:

2Fe*" + Zn = 2Fe?" + Zn*" (mdi truong HCI 1:1, Zn du, nhiét d6 khoang 70-80 °C)

Phan {mg chuan d6 (phuong trinh 6.4)

VkMno . 1a thé tich KMnOy4 tiéu tén duge tinh trung binh tir ba lan thi nghiém (khi dung dich

c6 mau phot hong)
_8,24+8,28+8,20

ViMno, =~ =8,24 mL

5XCKkMno, X VKMno, _ 5%9,147.1073M x 8,24ml
VFez+ 10,00ml

CFe3+: CFeZ+ -

=0,0377M

S6 gam Fe,Os trong mau quing 1a:

Mpe,0,= 0,0377M x 159,69 g/mol x 2222~ 0 602 g

1000

Phan tram Fez03 trong quéng la:

%Fez03 = 2% 100:0'6°2§ x 100 =18,8%

Mquing 3,2

6.3. Dung cu va héa chat
- Cbe c6 m6 100,0 mL

- Binh n6n

- Buret

- Binh dinh mirc 250,0 mL

61



- Pipet 10 mL

- Ong dong

- Qua bop cao su

- Dung dich H2SO4 6N

- Dung dich hon hop (H2SO4 + H3PO4) 6N
- Dung dich KMnOg4

- H2C204.2H,0 tinh khiét

- Can phan tich

- Cdc can hodc gidy can

- biia thuy tinh

- Dung dich FeSO4 (méu kiém tra)

6.4. Cau hoi on tap

1. Néu co s phuong phéap xac dinh nong d6 KMnO4 tir H2C204.2H>0. Tai sao dung dich axit

oxalic dugc chon la dung dich chuan géc?

2. Néu céach tién hanh chuan d6 xac dinh nong d6 dung dich kali permanganat bang axit
oxalic. Giai thich tai sao phai dun néng dung dich khi chuan d¢, néu khong dun néng thi c¢6

phuong an sir Iy khac khong? Tai sao khong str dung KMnOj4 dé pha dung dich chuan gdc?

3. Néu cach tién hanh chuén d6 xac dinh nong d6 Fe?" bang kali permanganat. Néu vai tro
ctia axit HoSO4 va H3POu. Thay axit H>SOs bang axit HCI c6 dugc khong? Gidi thich bang
phuong trinh phan ting cu thé.

Khi chuan ¢6 mudi Fe*" ¢6 1an ion CI, thay vi sir dung hdn hop axit H>SO4 va H3PO4 nguoi
ta thuong str dung hdn hop Zimecman (H2SO4, H3PO4 va MnSOs4), hiy cho biét vai trd cia
MnSOs trong truong hop nay.

4. Néu cach tién hanh chuan do xac dinh nong do Fe?" bang kali permanganat trong moi
truong HaSO4, tai sao khong duoc dun nong dung dich khi chuan d6. Néu thay axit H2SO4
bang axit HNOs c6 duoc khong? giai thich bang phan tmg hoa hoc cu thé.

5. Chuan d6 10,00 ml H2C204 0,0200M trong méi trudng H2SO4 bang KMnOs thay hét 9,60
mL KMnOs. Hay tinh ndng 46 KMnO4 (N, g/L).
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6. Chuan do 10,00 ml FeSO4 0,0250M trong méi truong (H2SO4 + H3PO4) bang KMnOy4 thy
hét 12,60 ml KMnOs. Hiy tinh nong 6 KMnO4 (N, g/L).

7. Chuan d6 10,00 ml FeSOu trong méi truong (H2SOs + H3PO4) bang KMnO4 0,0100M thay
hét 11,60 ml KMnO.. Hiy tinh néng 6 KMnO4 (N, g/L).

8. Can 0,2005 g quang sit co FexOs3 va cac tap chét tro khac, dem hoa tan trong dung dich
HCI du dugc dung dich A. Khir Fe*'trong dung dich A bang Zn hat dén hoan toan (toan b
Fe*" chuyén thanh Fe?") sau d6 chuan d6 dung dich thu dugc bang KMnO4 0,01000M trong
moi trudng (H2SO4+H3PO4+MnSO4) thdy hét 15,60 mL KMnOs. Tinh phan trim Fe,Os trong

quang.

Bai 7. Xac dinh néng do dung dich Fe3+(khir Fe3+ »Fe?+) bang K2Cr20

Trong dung dich axit, ion di cromat 1a mot chét oxy hoa manh, n6 bi khi vé ion Cr':

Cp0% +6e +14H" =2Cr* + 7TH,0 = 1,36V

o

Cr,0%~/2Cr3*
St dung K>Cr207 ¢6 mot vai wu diém. Trude tién, nd du tinh khiét dé pha ché dung dich
chuén, 12 dung dich 6n dinh, gia ré. Do Cr,02~ c6 mau vang va cic phic cia Cr’* ¢6 mau
thay ddi tir mau xanh 14 ma dén tim, vi thé cic chét chi thi véi su thay ddi mau dic biét,
chang han nhu diphenylamin sunfonic axit (E® = 0,85V) hay diphenylbenzidin sunfonic axit

(E°=0,87V) duoc str dung.

K2Cr207 khong duoc sir dung rong rai 1am do tinh oxy hoa cta né kém hon KMnOy ciing nhur

Ce**. N6 duoc sir dung chit yéu dé xac dinh Fe?" va chuan d6 gian tiép.

7.1. Co sé& phwong phap

Sau khi ché hoa mau thuong st dung cac axit manh co tinh oxy hoa, sit thuong ¢ dang Fe’".

Dé x4c dinh ham luong sit, trude hét chung ta khir Fe** vé Fe*" bang SnCls hodc Zn.

Khir sit bang Zn:

2Fe** + Zn = 2Fe*" + Zn**
Qua trinh khir dugc thuc hién trong méi truong axit HCI. Vai tro cua HCI 1a phan tmg véi Zn
tao hydro méi sinh, dong vai tro chat khir dé khir ion Fe** vé Fe?*, HCI phai liy du dé ngin
khong cho Fe?" bi khir thanh Fe ciing nhu trdnh sy thily phan ion Zn?*. Ngoai ra HCI tao phirc

FeC] c6 mau vang dam, gitip nhan biét thoi diém két thuc qué trinh khir.
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Loc bo Zn du, sau d6 chuan do dung dich Fe?* béng K>Cr207.

Trong mdi trudng axit manh:

I | Cr0Z~ +6e + 14H* 520 + TH;0 02 e+ = 136V
6 | Fe*'—le = Fet E;e3+/Fe2+ =0,77V
Cr, 02 + 6Fe? + 14H" = 2Cr%* + 6Fe® + TH,0 (7.1)

Dé lua chon chét chi thi thich hop cho phan tmg chuén do, chung ta can biét budc nhay dién

thé cua qua trinh chuan do.

Chung ta hiy xét vi du chuan d6 50,00 ml dung dich FeSOs 0,10000 M bing K2Cr207
0,01000 M, pH cta dung dich ludn bang 0 (pH=0,00). Bwéc nhay dién thé véi sai s6
+0,1% twong &ng v&i mién gia tri dién thé twong rng v&i thé tich K2Cr207 tir 49,95mL

dén 50,05 mL.

Dién thé cta dung dich tai thoi diém thém dwoc 49,95 ml dung dich K2Crz207.
Cr,02~ + 6Fe2+14H* = 2Cr3*+  6Fe3* + 7H20

Ban dau 49,95 1 0
5000
Can bang 0 0,05 49,95 49,95
50 50 50
[F63+] %
o
Baa=Epgst jpezs + 0,059161g =077 +0,05916 Ig 5= 0,95 V

50

Khi thém dwogc 50,06 ml dung dich K2Cr207:

50,00ml

A aar gy 1 __5000ml
Nong do [Cr*] = 50,10000M x (50,00+50,05)ml

=0,01666M

2—7 _ 0,05ml _ -6
[Cr057] = —(50,00+50,05)m1X 0,01000 M =5.10"°M
o 0,05916 [Crp 037 |[HY]1* _ 0,05916 5.1076M.11*
Edd:ECrzo%‘/Cr3++ S log o =1,36 + log 0016667 — 1,34V

Nhu vy budc nhay dién thé ctia qua trinh chuan d6 1a 0,95V dén 1,34V.

Trong qua trinh phan tng sinh ra Fe’* ¢6 mau vang, H;POs duoc dua vao dé tao phirc
[Fe(HPOa4)2]~ khong mau nham xac dinh diém twong mot cach dé dang. Mit khac, su tao
[Fe**]

[Fe2+]

phirc [Fe(HPO4)>] ~ lam giam ndng d6 tu do cua Fe*', dan t6i sy giam gia tri cia ti sd

64



lam budc nhay dién thé dugc kéo dai va diém tuong duwong cia qua trinh chuan do cang dé

xac dinh.

Gia su & diéu kién pH chuin dd néng dd ag,s+= 1072 (phdn nong dé tw do ctia Fe3* trong
dung dich trén téng néng dé cac dang chira Fe3*). Hay tinh lai buwé¢c nhay dién thé cua
dung dich:

49,95

=0,68 + 0,05916 log% +0,0591610g102=0,74V

50

[Fe3*]
[F€2+

Eaa=E7, 3+ g2+ + 0,05916 log

Nhu vay, budc nhay dién thé cua qua trinh chuan d6 khi c6 mat H3POs s& la: 0,74V dén
1,34V. Néu trong dung dich c6 chét chi thi diphenylamin (E°= 0,76V), dung dich chuyén tir

mau xanh 14 ma sang mau xanh tim.

Khi dung chat chi thi diphenylamine can luu ¥: chi ding 1-2 giot chét chi thi, néu dung nhiéu
chit chi thi, s& tao ra mot san pham mau xanh khong thay d6i nén khong nhan biét dugc diém

tuong duong.

7.2. Cach tién hanh

- Trang rua dung cu
- Nap dung dich K>Cr20O7 vao buret, dudi hét bot khi, chinh dén vach “0” trudc khi chuan do

- Lay chinh x4c 10,00 mL dung dich Fe** cho vao binh nén 100 mL, thém vao binh nén
khoang 10 hat Zn, SmL axit HCI 1:1 (thwec hién trong tii hiit), dun dén gan s6i cho téi khi mét
mau hoan toan (néu cé két tia tring la mudi ciia bazo kém thi phdi thém HCI cho tan hét).

Khong dun séi vi hop chit ciia Fe bay hoi mot phan 1am sai két qua.

- Tia nudc cat quanh miéng binh nén cho HCI bay hoi bam trén thanh di xudéng dung dich,
1am ngudi nhanh binh nén téi nhiét do phong. Loc bd Zn du bang gidy loc nhanh, himg vao

mot binh nén 16n 250mL

- Trang rira bang nudc cat nhiéu lan, cho dén khi thé tich dung dich trong binh nén 1én dat
khoang 100 mL (pha loang lam giam mau xanh ciia Cr**). Sau d6 thém vao dung dich 5-7
mL hdn hop hai axit (HsPOs + H2SO.) va 1-2 giot chét chi thi diphenylamin.
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- Tién hanh chuéan do bﬁng K2Cr207 cho t6i khi dung dich xuat hién mau xanh tim, ghi gia tri

thé tich KoCr,07 tiéu ton.
- Lam it nhét 3 1an (sai 1éch khong qua +0,2 mL), Iy gia tri trung binh
7.3. Tinh toan

Ap dung dinh luat tic dung duong luong dé tinh ndng do cia Fe*':

NK, cry07 X Vkycry0
_ _ ‘KpCry0y 2Cry07
NFe3+_ NFe2+ - v ’ (N)

Fe3+

CFe3+ = NFe3+ X ‘DFe3+ (g/)

Trong do: Vges+ = 10,00 mL
Vk,cr,0, 12 thé tich KoCr207 tiéu ton dugc tinh trung binh tir ba 1an thi nghiém
(khi dung dich c6 mau xanh tim)
Nk,cr,0, 12 ndéng d6 duong luong cia dung dich chuan K»Cr,07

D3+ = 55,845 g/duong lugng gam
Tinh Tge3+ k, cr,0, (50 gam sit tac dung vira du vé6i 1,00 mLdung dich K>Cr207):

Nk, cry05-VK,Crp0 .
_ NKCrp07-VK3Crp07 ‘ _
Tre3+ /Kycr 0, = — 7000 Pre3+ (VOI Vkyerpo0, = 1,00 mL)

Chung ta c6 thé tinh nong do Fe** theo don vi mol/L:

6'CK2C1'207 'VK2C1'2 07

CFe3+= CFe2+ = (M)

9
Vie3+

Trong do: Ck,cr,0, 12 nong d6 mol/L cuia dung dich chuan K>Cr0-.

Vi dy: Can 2,8612 g quing sat c6 FexOs va cac tap chat tro khac dem hoa tan trong dung dich
HCI du dugce 100,0 mL dung dich A (str dung binh dinh mirc 100 mL). Lay chinh xac 10,00
mL dung dich A cho mdi lan thi nghiém, khir Fe** trong dung dich A bang Zn hat dén hoan
toan (toan bd Fe*" chuyén thanh Fe?"), sau dé chuan d6 dung dich thu duoc bang KoCr07
0,01000M thdy thé tich KoCr207 tiéu tén cho cac 1an thi nghiém 1an luot 1a 11,20; 11,26 va
11,22 mL. Hiy tinh phan trim Fe;Os trong quing biét rang khdi lwong mol cia Fe,Os 1a
159,69 g/mol.

Gidi
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Phan tng hoa tan mau quing: 3HCI + Fe;03 = FeCls + 3H,0

Phan ung kh:

Fe’" + Zn = Fe?" + Zn®>" (mbi trudng HC 1:1 (ti 18 thé tich giita HCI ddc va nudc 1a 1:1), Zn
du, nhiét do khoang 70-80 °C))

Phan tng chuan d¢ (phuong trinh 7.1)

Vk,cr,0, 1a thé tich KoCr,07 tiéu tén duoc tinh trung binh tir ba lan thi nghiém (khi dung dich

c6 mau xanh tim).

= 11,20+11,26+11,22
Vk,cry0, = : =11,23mL

6XCK,Cr,07 X VK,Crp0y _ 6x0,01000Mx11,23 mL

Cpos+= Cpoz+ = T L = 0,06738M
S6 gam Fe,Os trong mau quing 1a:

Mpe,0,= 0,06738M x 159,69 g/mol x === 1,076 g
Phan tram Fe203 trong quéng la:

%Fe203 = E x 100=3222% x 100=37,61%

7.4. Dung cu va héa chat

- Cde ¢6 mé 100 mL
- Ong dong
- Binh n6n 100 mL
- Binh n6n 250 mL
- Phéu thity tinh
- Gidy loc
- Buret
- Pipet 10 mL
- Qua bop cao su
- Bép dién
- Lu6i amiang
- Chat chi thi diphenylamine
- Dung dich chuan K>Cr,07
- Dung dich hdn hop (H2SO4 + H3PO4) 6N
- Zn hat
- HCI 1:1 (ti 1& thé tich giira HCI dic va nudc 1a 1:1)
- Dung dich FeCl; (mu kiém tra)
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7.5. Cau hoi on tap
1. Néu co sé phuong phap xac dinh ndong d6 FeCls (khir Fe*" bang Zn) bang dung dich chuan
K>Cr205. Tai sao dung dich KoCr,O7 dugce chon lam dung dich chuin géc?

Hay giai thich vai tro cta hai axit HxSO4 va H3POu trong qua trinh chuan d6 noi trén khi str

dung chét chi thi oxy hoa khir diphenylamine E° = 0,76V .

2. Bé khir FeCls vé FeCla nguoi ta ding k&m hat trong méi truong HCI 1:1 va dun néng. Hay

trinh bay cach thu dinh lugng Fe?* va vai tro ctia HCI trong qua trinh khtr.

3. Can 0,2105 g quing sat ¢ FeoOs va cac tap chét tro khac dem hoa tan trong dung dich HCI
du duge dung dich A. Khir Fe** trong dung dich A bang Zn hat dén hoan toan (toan by Fe**
chuyén thanh Fe*"), sau do chuan do dung dich thu dugc bﬁng K>2Cr,0O7 0,0100M thiiy tiéu
t6n hét 15,60 mL KoCr,0-. Tinh phan trim Fe,O; trong quing.

Bai 8. Phwong phap iot

Co s¢ chung cua phuong phap iot:

I> 1a mot chat oxy hoa tuong ddi yéu, yéu hon nhiéu so véi KMnOs va KoCr207.
L+2e =2I" Ep j21- = 0,54V

Nguoc lai I lai 1a chat khir manh hon cac ion Cr**, Mn?". Do d6, c6 thé x4c dinh cac chit khtr

bang dung dich I va c6 thé xac dinh cac chat oxy hoa bang cach khir ching boi ion I,

Phan tr I it tan trong nuéc (1,3.10°M ¢ 20 °C), nhung d6 hoa tan ciia n6 tang lén rat nhiéu

trong dung dich I" nho phan ung tao phuc véi I.
In(dung dichy + I = 13 (tri iotdua) B=17.10°

(Dung dich I3 0,05M dung cho chuan do dugc chuan bi béng cach hoa tan 0,12 mol KI +
0,05 mol I trong 1 lit nudc). Khi ching ta noéi rang sir dung I dé chuan do, ching ta hiéu

rang str dung dung dich I, cong véi lugng I” du.

Str dung chat chi thi ho tinh bot.
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Ho tinh bot duoc lua chon vi nd tao phuc mau xanh véi iot. Luu y, h tinh bot khong phai la
chat chi thi oxy hoa khir boi mau ctia né khong thay doi theo thé oxy hoa khir va né phan hodi
dic biét voi sy c6 mat cia L. Yéu té hoat dong cua ho tinh bot 1a amyloza, polyme cta dudng
o-D glucose, polyme nay ton tai & dang cudn xoan 6c¢, chi c6 mot sd it phan tir co thé chui
qua duoc. Khi ¢ mit I> nd tao dang nhanh Is, xay ra ¢ trung tim amyloza dang xoan dc. San
phém phttc ¢6 mau xanh den. Sy tao phirc phu thudc vao nhiét dg, & 50 °C mau cia phirc
nhat béng 1/10 cuong d6 mau & 25 °C. Vi thé néu yéu cau cuong do mau cuc dai thi co thé

lam lanh bang nuéc da [2].

Chudn bi dung dich I3: 13 c6 thé chuan bi bang cach hoa tan I (rin) trong lugng du KI, I
c¢6 thé du tinh khiét 1am dung dich chudn nhung hiém khi dugc str dung 1am dung dich chuan
vi né bay hoi trong khi can khéi lugng. Tuy nhién, néu can nhanh ching ta c6 thé chuan bi
mot dung dich co néng do gén chinh xac, sau d6 duoc chuin lai v&i chit chuén, vi du

NazS20;.
Trong méi truong axit, I3 khong on dinh vi lwong du I bi oxy hoa cham béi oxy khong khi:
6" + O, +4H" = 215 + 2H,0

Trong mdi trudng trung tinh van xay ra su oxy héa néu nhu c6 mit nhiét do, anh sang va ion

kim loai.

Chung ta khong tién hanh chuén d6 I, trong méi truong kiém:
I + 2NaOH = NalO + Nal + H,O

10~ 1a mot chat oxy hoa manh hon Iz, né oxy hoa dugc Na>S>03 lam két qua khong chinh xac:
$,027+ 410"+ 20H =41 + 2502~ +H,0

8.1. Xac dinh nong dé dung dich Na2S203

Dang phd bién ciia thiosunphat 1a Na>S>03.5H,0, né khong du tinh khiét dé 1am dung dich
chuan, mic du vay nd van thuong duoc sir dung lam chét chuan gbc trong phuong phap iot,

muon vay trude tién nguoi ta phai xac dinh néng d6 cua no.
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Dung dich thiosunphat dugc bao quan trong binh thity tinh mau téi dé dung dich 6n dinh
thém 0,1g Na,COs trong 1 lit dung dich dé giit pH toi wu. Mot giot CCls dugc thém vao dé
ngin can sy phét trién ciia vi khuan. Trong méi truong axit dung dich thiosunphat khéng on
dinh [10].

S,03"+H" = HSO3 + S,
8.1.1. Co sé phwong phap chuin d¢ xac dinh Na2S20;3
Cho mot lugng chinh xac K2Cr207 vao dung dich KI du, I thoat ra va tan vao KI du:
K>Cr207+ 6KI + 7H2SO4 = Cr2(SO4)3 + 3 I + K2SO4 + TH2O (8.1)
Chuén d6 I, bang dung dich Na»S>05 ding ho tinh bt 1am chat chi thi:

2NaxS;0;3 + 12 = NaxS4O¢ + 2Nal (8.2)

(tetra thionat natri)
Tir hai phan ting trén, theo lwong K>Cr,07 ma suy ra nong do dung dich Na»S,0:s.
Luuy:
Do hoa tan cua > trong nude nho, phai dung KI du:

Lo(dung dich) + T = I3
I7 khong anh huong gi dén qua trinh chuan do vi phan ung tao I3 thuan nghich, I3 s& phan

hity dan giai phong I vao trong dung dich.

Du di dung KI du, van toc giita KI va chat oxy hoa thuong khong 16n, vi vay sau khi thém

chat oxy hoa phai doi mot thoi gian.

I> 13 chit bay hoi nén phai tién hanh & nhiét d6 thuong. Mat khac khi ting nhiét do, d6 nhay

ctia ho tinh bot giam.

D6i voi truong hop chuan d6 I thoat ra trong phan tng, chi dugce thém ho tinh bot khi I, da
tac dung gan hét (dung dich c6 mau vang nhat), néu I con nhiéu, hop chit tao boi I va hd

tinh bot nhiéu, I phan Gmg chdm v&i NaxS203, do d6 dé chuan d6 qua diém tuong duong.
8.1.2. Céch tién hanh
Trang rira dung cu
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Nap dung dich Na;S,03 [én buret, dudi bot khi, chinh vach “0” truéc khi chuan do

Léy chinh xac 10,00 mL dung dich K>Cr2O7 cho vao binh chuan do iot, thém vao binh nén
khoang 10 mL dung dich H>SO4 2N, 10 mL dung dich KI 20%, day nip, tia nudc cat xung

quanh nap, dé vao chd tdi 5 phit.

Sau 5 phut, liy binh ra, md nhe nip binh chuin d, tia nuéc cat xung quanh nip va thanh

binh dén khi thé tich dung dich trong binh chuan d¢ dat khoang 100 mL.

Tién hanh chuan d6 cho t&i khi dung dich ¢6 mau vang xanh (mau vang ciia I3 con it + mau
xanh cta Cr’"), thém khoang 1 mL dung dich hd tinh bot, dung dich c6 mau xanh den va
chuan do tiép cho dén khi dung dich chuyén thanh mau xanh nhat (chi con mau xanh rat nhat
ciia Cr*", néu thém mot giot dung dich K>Cr,O7 ma mau xanh xuét hién lai 1a duogc). Ghi thé

tich Na2S,0s tiéu ton.

Lam it nhat 3 1an (sai 1éch khong qua £0,2 ml), lay gia tri trung binh
8.1.3. Tinh toan

Nong d6 cia NaS$>03 dugc tinh theo cong thic:

NKzCr207 X VKzCl‘207
NNElezOg - b (N)

VNa25203

CNa,s,05 = NNa,s,0; X Pna,s, 0, (g
Trong do: Vk,cr,0, = 10,00 mL
VN325203 1a thé tich Na»S,0s tiéu tén duoc tinh trung binh tir ba 1an thi nghiém
(khi dung dich c6 mau xanh rit nhat cia Cr*")
Nk,cr,0, 12 ndéng d6 duong luong cia dung dich chuan K>Cr207

Dna,s,0; = 158,110 g/duong lugng gam

Chung ta c6 thé tinh ndng d6 Na»S>03 theo don vi mol/L:

6XCK2CI‘207 X VKzCr207

CN325203 = VNazSzOg 9 (M)

Trong do: Ck,cr,0, 12 ndéng d6 mol/L cua dung dich chuan K>Cr,0».

Vi du: Cho 10,00 ml dung dich K>2Cr,O7 0,01200M tac dung v6i dung dich KI du trong méi
truong axit H2SO4 2N. Sau d6 dem chuan d6 dung dich nay bang dung dich Na2S>05 sir dung
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chat chi thi ho tinh bot, thay thé tich tiéu ton cho ba 1an chuan d6 lan luot 14 10,12; 10,20 va
10, 22 mL Na»S;03. Hay tinh nong @6 dung dich NayS>0s.

Giai:

Céc phuong trinh phan tng xay ra:
K>Cr207+ 6KI + 7TH2SO4 = Cr2(SO4)3 + 3 I + K2SO4 + TH2O
2Na2S205 + I = Na2S40¢ + 2Nal

Thé tich Na»S>0s5 tiéu tén dugce tinh trung binh tir ba lan thi nghiém:

= 10,12+10,20+10,22
VNay$,0,= - =10,18 mL

Chung ta co thé co hai cach dé xac dinh nong d6 cta dung dich NaxS,0s:
Cach I:

6.CK,Cr07-VKyCrp0, _ 6.0,01200M.10,00

Cntays,0, =~ Lgioe s e =0,07073M
Cha,s,0, = 0,07073M. 158,110 g/mol = 11,18 g/L
Cdch 2:

Nong do duong lugng ctia KoCra07 13: N cr, 0= 6.0,01200M = 0,07200 N

Nk,cr,07-VK,Crp0 0,07200.10,00
NNa,s,0, = — o L—2—2"L = =0,07073N

VN325203 10,18

CNa,s,0, = 0,07073N. 158,110 g/duong lugng gam = 11,18 g/L

8.2. Xac dinh nong dé dung dich CuSO4 bang Na2S203
8.2.1. Co sé phwong phap

2Cu?*" +41" =2Cul; + I (8.3)

Phan ¢ng dién ra hoan toan nhd sy tao thanh két tia Cul. Ching ta c6 thé thiy ro diéu
nay khi xem xét cac thé khir tiéu chuin cta cac phan &ng xay ra dudi day:

Cu?* + e~ < Cu* E°=0,15V  (a)

2+ 2e” = 2I" E°=0,54V (b)

Cu*+I"+e =Culi E°=0,86V ()
Néu chi nhin vao thé khtt tiéu chuin ctia phan ¢ng (a) va (b), chiing ta thiy rang phan
rng (8.3) s& khong xay ra. Tuy nhién, nhd su tao thanh chat it tan Cul dan t&i sy giam
nong do tw do ctia Cu* va néu nhw I dw it nhit 4% thi phan &ng (8.3) xay ra hoan toan

[2].
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I, thoat ra dugc chuan do bang dung dich NayS$:05 (da biét nong d@j), ding hé tinh bot lam
chat chi thi.

2 Na2S»03 + I> = NaS40¢ + 2Nal
Luuy:

Tao mdi truong axit yéu thich hop dé ngan ngira phan tmg thity phan mubi Cu?* (axit axetic

da duoc thém vao dung dich Cu?").

Do hoa tan cua I> trong nude nho, phai dung KI du.
Du di dung KI du, van toc giita KI va chat oxy hoa thudng khong 16n, vi vay sau khi thém

chat oxy hoa phai doi mot thoi gian.

I> 14 chét bay hoi nén phai tién hanh & nhiét d¢ thuong. Mit khac khi tang nhiét d6, do nhay

ctia ho tinh bot giam.

Déi voi truong hop chuan do I thoat ra trong phan tmg, chi duge thém ho tinh bot khi I, da
tac dung gan hét (dung dich c6 mau vang nhat), néu I con nhiéu, hop chit tao boi I va hd

tinh bot nhiéu, I> phan img cham véi Na2S>03, do d6 dé chuan d6 qua diém tuong duong.

Két tiia Cul hap phu mot lwong I, dang ké (chinh xac 1a I3), do d6 két qua chuan do co thé bi
sai 1éch. Sy nha hp phu 1a cham trong qu4 trinh chudn do. Sy c6 mit cia SCN- dé thay thé I

trong két tia Cualo chuyén thanh két tia Cua(SCN)2 khong hap phu I 1én bé mit.
(Cuzl2)nil2 + 2nSCN™ - n Cuz(SCN)au + I2 + 2nl™

Phan rng nay xay ra do tich so tan cia CuSCN (Tcuscn = 4,0.10714) nho hon tich s6 tan
cta Cul (Tcwr =1.10712) [1].
8.2.2. Cich tién hanh

Trang rira dung cu
Nap dung dich Na2S,0; véo buret, dudi hét bot khi, chinh dén vach “0” trudc khi chuan do

Lay chinh xac vao binh chuan d¢ iot 10,00 mL CuSOs, khoang 10mL dung dich KI 20% (lay

dw), day nip, tia nudc cit quanh nap binh, dé vao chd t6i 5 pht.
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Sau 5 phat, 13y binh ra, mo nhe nap binh, tia nudc cit xung quanh miéng va thanh binh, rira
sach nip binh (tia va rira bang lugng nudc cit it nhat co thé)

Chuan do dung dich thu dugc dén khi dung dich c6 mau vang nhat, thém khoang 5 — 7 ml
dung dich NH4SCN 1%, lic déu, thém tiép khoang 1 mL hd tinh bot, dung dich ¢6 mau xanh
den. Chuan db tiép dén khi dung dich mat mau xanh den, ghi thé tich Na>S,0; tiéu tén

Lam it nhét 3 1an (sai 1éch khong qua +0,2 mL), 14y gi4 tri trung binh

8.2.3. Tinh toan

Nong d6 CuSO4 dugc tinh theo cong thirc:

_ Nnays,03 x VNays,05

Ncuso, = , N)

Vcuso,

Ccuso, = Ncuso, X Pcuso, (g

Trong do: Veuso, = 10,00 mL
VNa25203 1a thé tich Na»S»03 tiéu tén duoc tinh trung binh tir ba 1an thi nghiém
(khi dung dich c6 mau phin hong)
NNa,s,0, 12 néng d6 duong lugng ciia dung dich chuan Na»S:03 duoc xéac
dinh néng d6 ¢ phan 8.1
Dcuso, = 159,610 g/duong luong gam

Tinh Tya,s,0,/cuso, (s6 gam CuSO; tac dung vira di v6i 1,00 ml dung dich NaxS,03):

NNa,S,03-YNayS,03 ‘. _
TNa,s,05/cuso, = 1000 -Pcuso, (V61 VNa,s,0, = 1,00 mL)

Chung ta c6 thé tinh ndng d6 CuSO4 theo don vi mol/L:

CN325203 X VNazSzOg
Ccuso, = v ) (M)
CuSOy4
Trong do: CNa,s,0, 12 n0ng d6 mol/l cua dung dich chuan Na;S;0s.

Vi du: Cho 10,00 ml dung dich CuSO4 tac dung véi (KI + NH4CNS) du trong mdi trudng axit
yéu CH;COOH. Sau d6 dem chuan do dung dich nay bang dung dich chuin Na;S;0;
0,07073M st dung chét chi thi ho tinh bot thay thé tich tiéu tén cho ba lan chuan d6 1an lugt
1a 11,42; 11,34 va 11,40 mL. Hay tinh ndong d6 CuSOs.

Giai:

74



Céc phan Ung xay ra la:

2Cu*" +4I"=2Cul; + I,
2 Nax$203 + I = Na2S406 + 2Nal
Thé tich Na»S>05 tiéu tén dugce tinh trung binh tir ba lan thi nghiém:

= 11,42+11,34+11,40
VNa25203: 3 = 11,37 mL

Chung ta co thé co hai cach dé xac dinh nong d6 cta dung dich CuSOs.
Cach I:
Nong d6 duong lwong ctia NaxS$0s 1a: Nna,s,0,= 1.0,07073M = 0,07073 N

NNa,S,0s X VNa,s,0;  0,07073N X 11,37mL
Ncuso, = —5° 2228 = =0,08042N

Vcuso, 10,00mL

CNa,s,0, = 0,08042N x 159,610 g/ duong luong gam = 12,84 g/L

Cach 2:

CNayS,03 X VNayS,0 0,07073M x 11,37mL
Ceuso, = —22 22278 = = = 0,08042M

Vcuso, 10,00mL

Ccuso, = 0,08042M 159,610 g/mol = 12,84 g/L

8.3. Dung cu va héa chat

- Cde c6 md 100 mL

- Ong dong

- Binh chuén d6 iot 250 mL (binh ndén miéng xoe va c¢6 nit nham day duoc kin)
- Pong ho

- Buret

- Pipet 10 mL

- Qua bop cao su

- Chét chi thi ho tinh bot

- Dung dich Na»S>0;

- NH4CNS 1%

- Dung dich KI20%

- Dung dich HoSO4 2N

- Dung dich chuan K>Cr,07

- Dung dich CuSO4 (mau kiém tra)
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8.4. Cau hoi on tap
1. Néu co sé phuong phap xac dinh ndng d6 CuSO4 bing dung dich NaxS>0; theo phuong

phap iot-thiosunfat. Tai sao phai pha loang dung dich truéc khi chuan do.

2. Trinh bay quy trinh chudn d6 xac dinh ndéng do thiosufat bang dung dich kali dicromat
0,05N. Tai sao phai dé binh phan tmg trong bong t6i 5 phut? Tai sao phai chuan d6 & diéu
kién nhiét d6 phong va chi cho chét chi thi ho tinh bot khi lugng iot trong dung dich con it?

3. Trinh bay cach xac dinh ndng d6 Cu?* bang phuwong phap iot — thiosunphat, giai thich vai
trd cia NH4SCN. Cong thirc tinh toan két qua.

4. Trinh bay cach xac dinh ndng d6 Cu?* bang phuong phap iot — thiosunphat. Phuong phép
nay tién hanh trong méi truong gi? Vi sao?

Giai thich vai tro cua KI du.

5. Cho 10,00 ml dung dich CuSOs tac dung vé&i (KI + NH4CNS) du trong méi trudng axit yéu
CH3COOH. Sau d6 dem chuan do dung dich nay bang dung dich chuan Na»S>03 0,04250N
hét 10,42 ml. Tinh néng do CuSOs (tinh ra N, g/L).

Bai 9. Phwong phap chuin do6 két tiia: xac dinh Cl- bang AgNO;
9.1. Co’ s& phwong phap
Phan tng chuan do:

Ag"+Cl = AgCl,

Diém twong dwong dugc xac dinh bang chat chi thi KoCrOs (phuong phap Mohr) hodc chét
chi thi hap phu Fluorescein (phuong phap Fajans) [13].

Phwong phdap Mohr:

Kali cromat c6 thé dwoc sir dung nhw mot chit chi thi trong phwong phdp bac dé xac
dinh céc ion CI, Br va CN™ nh¢ phan &ng v&i Ag* tao két tia mau dé gach Agz2CrOs tai

diém twong dwong hodc lan cin cia diém twong dwong véi sai s6 cho phép.
2 Ag" + CrO4* = Ag:CrOs4 (d6 gach)

Can cur vao sy xuat hién két tia mau dé gach chung ta két thiic chuan do.

76



Lwong chit chi thi cin dwoc st dung trong mot khoang néng do dwa trén tinh toan ly
thuyét. Néu lwgng chit chi thi K2CrO4 cho qua it thi cin phai c6 mot lwgng rit dw Ag* dé
tao két tiia Ag2CrO4 do6 gach, c6 nghia la chudn do da qua diém twong dwong. Ngwoc lai,
néu chat chi thi K2CrO4 cho qua nhiéu lam cho dung dich c6 mau vang dam, khi d¢ tai

diém twong dwong sé khong nhin ra sy xuit hién két tia dé gach.

Khi stt dung chat chi thi Cr G~ thi méi trwdng phai 12 axit y&u hoic trung tinh, hodc kiém

yéu (pH = 6,5-8,5) vi & pH thip nong d6 ion cromat sé gidm do phan &ng:
H"+Cro;~ = HCrO;
2CrG~ + 2H* = Cr,02” + H20 (mdi tredmg c6 do axit cao)

Do d6, trong méi trwdrng axit, nong do cromat 1a qua nhd, khéng dua dé tao két tia mau
do gach. Con trong mdi trudng kiém manh s& hinh thanh két tia AgOH dé& phan huy thanh

oxit Ag>,O mau den.

Thong thwong, méi trweong pH thich hop thu dwgc khi bdo hoa dung dich chit phén tich
v&i natri hydrogen cacbonat (NaHCO3).

Phwong phdp ding chit chi thi hap phu fluorescein:

Chat chi thi hap phu thuong 13 nhimg axit hodc bazo hitu co yéu co kha nang bi hap phu lén
bé mat két tha. Mau cua chat chi thi ¢ trang thai ty do khac véi mau cia chét chi thi khi b

hap phu 1én bé mit két tua.

Fluorescein 12 mot axit hitu co yéu c¢6 K, = 107%4 14 chét chi thi huynh quang, khi khong bi

hap phu c6 mau xanh 14 cdy, khi bi hap phu chuyén sang mau hong.

HFl = H" + FI™
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HO 0] OH

fluorescein

Co ché chuyén mau ctia chit chi thi hip phu fluorescein

Truéc DTD dung dich dw CI, hat keo két tia AgCl uu tién hap phu ion cing tén CI™ tao
thanh hat mang dién tich am {AgCl}mCE~ do viy hat nay khong hip phu ion

fluoreseinate FI-, dung dich van c6 mau vang 4nh huynh quang xanh cta FI".
mAgCl + nCl™ = {AgCl}mCH™

Sau DTD dung dich dw Ag*, két tua AgCl hip phu ion cung tén Ag* tao thanh hat mang
dién tich dwong {AgCl}mAgl*, do vay hat nay hdp phu dwoc ion FI" 1én bé mit 1am cho
két tiia nhuém mau hong phin, dong thdi dung dich bi tit &nh huynh quang xanh
mAgCl + nAg* = {AgCl}mAgh*t

{AgCl}mAgl*+ nFl” = {AgCl}m{AgFl}n

Luwu y: Chit chi thi Fluorescein 1a mét axit hitu co yéu c6 pKa = 6,4, nén pH cia dung dich
phai 16n hon hodc bang 6,4 ¢¢ HF1 phan ly du lam chét chi thi d6i mau rd rét, nhung moi
truong ciing khong duoc qua kiém vi tao két tia AgOH, dan t6i tao Ag,O mau den va ngan

can xac dinh diém cudi cua qua trinh chuan do.

Khi dung chat chi thi hdp phu, nong do cta cac halogenua phai nam trong khoang 0,0005-
0,025M vi néu dung dich phan tich quéa lodng thi su chuyén mau cua chat chi thi khong rd
rang, con néu dung dich kha dic thi két tia bac halogenua dé& von cuc ¢ gan diém tuong

duong, lam giam hiéu tng hap phu, gay khé khin cho viéc chuyén mau cta chat chi thi.
9.2. Cach tién hanh

Phwong phdap Morh

Trang rira dung cu
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Nap dung dich AgNOs vao buret, dudi hét bot khi, chinh dén vach “0” trude khi chuén d6

Léy chinh xéac 10,00 mL dung dich NaCl cho vao binh non, thém vao binh nén khoang 0,5-1
mL dung dich KoCrOs 5%.

Tién hanh chuan d6 cho téi khi xuat hién mau do gach (chii y moi khi nhé AgNO;3 phdi ldc
manh va déu). Ghi thé tich AgNOs tiéu ton.

Lam it nhét 3 1an (sai 1éch khong qua +0,2 mL), 14y gi4 tri trung binh

Phwong phdp ding chit chi thi hip phu

Trang rira dung cu
Nap dung dich AgNO; vao buret, dudi hét bot khi, chinh dén vach “0” truéc khi chuan do.

Lay chinh xac 10,00 mL dung dich NaCl cho vao binh nén, thém vao binh nén 2-3 giot dung

dich fluorescein 0,5%.

Chuan d6 dén khi két tia nhuém mau hong phan va dung dich tit anh huynh quang xanh. Ghi
thé tich AgNOs tiéu ton.

Lam it nhat 3 1an (sai léch khong qua £0,2 mL), lay gia tri trung binh

9.3. Tinh toan

Ap dung dinh luat tic dung duong luong dé tinh ndng d6 cua dung dich NaCl:

NagNog X Vagnog

™)

Nnac1 = Vit

Cnact = Nnac1 X Praa (g

Trong do: VNac1 = 10,00 mL
VAgN03 1a thé tich AgNOs tiéu ton duoc tinh trung binh tir ba lan thi nghiém
Nagno, 12 nong d6 duong luong cua dung dich chuan AgNO;

Pract = 58,442 g/duong lugng gam

Chung ta c6 thé tinh ndng d6 NaCl theo don vi mol/L:

_ Cagnoz X Vagnog

Cnaat =———— > M)

VNaci
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Trong do: Cagno, la ndéng do mol/l ciia dung dich chuan AgNOs;.

Vi dy: Chuan d6 10,00 mL dung dich NaCl bang dung dich chudn AgNO; 0,05000 M sir
dung chét chi thi hép phu fluorescein. Thé tich AgNO; tiéu tén cho ba 1an chudn d6 lan luot
12 9,25; 9,35 va 9,30 mL. Hay xac dinh néng dd cua dung dich NaCl.

Giai:
Thé tich AgNOs tiéu t6n trung binh tir ba 1an thi nghiém:
= 9,25+9,35+9,30
Vagno, = ~——o—== 9,30 mL

Nong d6 dung dich NaCl la:

CagNO: X VagNO:  0,05000M X 9,30mL
CNaq) = 22— = =0,0465M

VNaCl 10,00mL

Cnact = 0,0465M x 58,442 g/mol =2,72 g/l
9.4. Dung cu va héa chét

- Céc c6 mé 100 mL

- Ong dong

- Buret

- Binh n6n 100 mL

- Pipet 10 mL

- Qua bop cao su

- Dung dich chét chi thi fluorescein 0,5%
- Dung dich chét chi thi K2CrO4 5%

- Dung dich phéan tich NaCl

- Dung dich chuan AgNO3 0,05000 M

9.5. Cau héi 6n tap

1. Néu co so phuong phap xac dinh nong d6 NaCl bang dung dich chuan AgNO; sir dung
chét chi thi tao két taa c6 mau (chét chi thi K2CrOs). Trinh bay cac diéu kién vé moi truong
thi nghiém, luong chét chi thi liy qua nhiéu hodc qua it thi anh hudng thé nao dén két qua

chuan d6? Giai thich bang phuong trinh phan tng hoa hoc.
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2. Néu cach tién hanh thi nghiém xac dinh néng d6 dung dich NaCl bang dung dich AgNO;
theo phuong phap Fajans (chét chi thi fluorescein). Trinh bay cac diéu kién vé moi truong thi
nghiém va giai thich co ché chuyén mau cta chat chi thi hap phu fluorescein.

3. Chun d9 10,00 mL NaCl 0,0500M bang AgNO3 0,0500M. Tinh pAg* (pAg* = —log[Ag*])
tai thoi diém thé tich Ag* thém dwoc 1a 9,99; 10,00 va 10,01 mL. Tinh khodng thé tich
K>CrOs4 5% (d = 1g/mL) can lay dé sai s6 ctia qua trinh chuén d6 nam trong khoang +0,1%.
Cho biét Taga = 1,82.10710.

Bai 10. Xac dinh ZnS04 bang Ka[Fe(CN)s]
10.1. Co s& phwong phap

Phén {mg chuan do:
3ZnS04 + 2K4[Fe(CN)s] = KoZns[Fe(CN)s]2| + 3K2SO4 (10.1)

Dé xac dinh diém twong duong, ngudi ta sit dung chat chi thi diphenylamin (ECgiphenylamine =
0,76V). Pé co thé sir dung dugc chat chi thi nay, nguoi ta thém vao mot lugng nho
K3[Fe(CN)s] tao thanh véi Ka[Fe(CN)s] cip oxy héa khir [Fe(CN)s]>/[Fe(CN)s]* c6 thé oxy
hoa khtr tinh theo hé thirc Nernst:

_ o [[Fe(CN)6]*7]
Ere(cnysr=/ireccmel = Elrecmyet=/tre(cngrt + 005916 lg mmrm®a
[[Fe(CN)61*]
= +
0,36 +0,05916 lg =2 o

Sy d6i mau ciia chat chi thi diphenylamin (tir khong mau sang xanh tim) duoc giai thich nhu

sau:

Luc thém mot lugng nhod [Fe(CN)s]>, thé oxy hoa khir cua cip [Fe(CN)¢]3~/[Fe(CN)¢]*~
con rat nho, nho hon 0,76V nén chét chi thi khong d6i mau. Trong qua trinh chuan do, nong
d6 [Fe(CN)s]* giam dan, thé E{re(cN) 3~ /[Fe(CN)e]4~ tANE dan, tai diém twong duong va lan
cdn ¢ sy thay d6i manh cia ndng d6 [Fe(CN)s]* (/Fe(CN)s]* hét) nén
E{re(cN)g 3~ /[Fe(cN)e]4- tANE VOt VA VUt qua gid tri 0,76V, chat chi thi s& c6 mau xanh tim. Sy

d61 mau cuaa chat chi thi la can ctr d€ két thuc chuan do.
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10.2. Cach tién hanh
Trang rira dung cu.

Nap dung dich ZnSO4 vao buret, dudi hét bot khi, chinh dén vach “0” trudc khi chuén do.

Lay chinh x4c 10,00 mL dung dich K4[Fe(CN)s] cho vio binh noén, thém vao binh nén
khoang 3-4 giot dung dich K3[Fe(CN)s], 7-10 mL dung dich H2SO4 6N, 1-2 giot chat chi thi
diphenylamin, khoang 5 mL dung dich (NH4)2SO4.

Tién hanh chuén d6 cho tdi khi dung dich chuyén sang mau xanh tim, ghi thé tich ZnSOs4 tiéu

ton.
Lam it nhét 3 1an (sai 1éch khong qua +0,2 mL), 14y gi4 tri trung binh

10.3. Tinh toan

Nong do ciia dung dich ZnSOx la:

_ Nk [Fe(cN)g] X VR4 [Fe(CN)g]

Nznso, = Vinso, ) N)

Cznso, = Nznso,* Pznso, (g/L)
Dznso,

Dznso, = —,

Trong do: Vi, [Fe(cn)] = 10,00 mL
Vznso, 1a thé tich ZnSO4 tidu tén duge tinh trung binh tir ba lan thi nghiém
N, [Fe(CN)q] 12 ndéng d6 duong luong cta dung dich chuan Ka[Fe(CN)g]

D n
Dznso, = z2s04: @ = 80,73 g/duong lugng gam

Chung ta c6 thé tinh ndng d6 ZnSO4 theo don vi mol/L:

3Cky[Fe(CN)6]- VK4 [Fe(CN)6]
CZnSO4, = ’ (M)

2.Vznso,

Trong do: Ck,[re(cn),) 12 ndéng do mol/L cua dung dich chuin K4[Fe(CN)s].

Vi dy: Chudn do 10,00 ml K4[Fe(CN)s] 0,02000 M bang ZnSO4 st dung chit chi thi
diphenylaminthy tiéu ton hét 10,20 mL ZnSO4. Hay tinh néng dd ZnS04 (g/L).
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Gidai:
Phan tmg chuan d6 (10.1).
Cach I

3XCK 4 [Fe(CN)6]XVK4[Fe(CN 3x0,02000Mx10,00mL
CZnSO4_ — 4[Fe(CN)g] 4[Fe(CN)g] — — 0,02941 M

ZXVZn504 2X10,20mL

Cznso, = 0,02941 M x 161,45 g/mol = 4,748 g/L

Cach 2:

N XV 3X0,02000)Nx10,00mL
Nynso, = Ka[Fe(CN)g] X VK4[Fe(CN)g] _ ( ) —0,05882 N

Vzn504 10,20ml

Cznso, = Nznso,* Pznso, =0,05882 N x 80,73 g/duong lugng gam = 4,748 g/L

10.4. Dung cu va héa chat

- Cde ¢6 mé 100 mL

- Ong dong

- Buret

- Binh n6n 100 mL

- Pipet 10 mL

- Qua bop cao su

- Dung dich (NH4)2SO4

- Dung dich H2SO4 6N

- Dung dich K3[Fe(CN)s]

- Chat chi thi diphenylamin

- Dung dich phan tich ZnSO4
- Dung dich chuan K4[Fe(CN)g]

10.5. Cau hoi 6n tap

1. Néu co sé phuong phap xac dinh nong d6 ZnSO4 bang dung dich chuan K4[Fe(CN)s]. Hay
giai thich cac diéu kién thuc nghiém.

2. Chudn doé 10,00 ml K4[Fe(CN)s] 0,04500 N bang ZnSOs st dung chit chi thi
diphenylamin thiy tiéu ton hét 10,38 ml ZnSO4. Hay tinh néng d ZnSO04 (N, g/L). Tinh
s6 gam ZnS04 tac dung vira da véi 1,00 mL dung dich Ka[Fe(CN)g].
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Bai 11. Chuan do EDTA

EDTA la mot da axit (hexaprotic), nhur da dugc chi ra & cong thire HeY?". Cac nguyén tir axit

1a cac nguyén tir bi mat di trong qué trinh tao phic.

Bdn gia tri pK déu tién ap dung cho bdn proton ctia nhom cacbonyl va hai gia tri pK con lai
la cho hai proton ciia amoni. Dang khong mang dién tich cua axit la tetraprotic, vdi cong thurc

la HaY.

o)
pKi=0,0
o OH pKo=1,5
OH
+N\/\H =
HO/U\/H N,,/\n/ pKs=2,0
pKa =2,66
HO 0
pKs = 6,16
L pKe = 10,24
HeY?

EDTA & dang axit tan rat kém & trong nwéc. Po tan cia né chi gi¢i han 0,5g/L & nhiét d6
phong va dung dich c6 pH = 2,7. Viéc trung hoa EDTA bang cac bazo chang han nhw
amoniac, etylen diamin hay NaOH sé tao ra cic mudi va cai thién do6 tan cta EDTA &
trong nwéc [11]. Do d6, tdc nhan dwoc st dung pho bién trong héa phén tich 1a & dang

muoi hai natri NazH2Y.2H20 (complexon III).

Complexon III ky hiéu la NazH2Y (372,25 g/mol). Pay la chat cé du tinh khiét dé lam
dung dich chuin. Sy & 80 °C trong 1gio, d€ ngudi trong binh hit 4m, cAn chinh xac hoa
tan trong nwéc va dinh mirc bang nwéc cit dén vach binh dinh mirc. Néu pha c6 nong do

twong doi chinh x4c, ta c6 thé chuin d6 lai bang dung dich chuin ZnSOsa.

11.1. Xac dinh ndng dé complexon lll bing dung dich chuan ZnS04
11.1.1. Co sé phwong phap

Phan tng chuan do:
NaxH,Y =2Na* + H Y

Zn*" + HoY* = ZnY? +2H" (11.1)
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Str dung chét chi thi tao phuc Eriocromden T (ETOO) ky hiéu 1a H3Ind

OH OH

'O3S N ——N

(HyIn)
NO,

Mau cua chat chi thi phu thudc vao pH:

O pH < 6 ETOO phan ly dang HoInd", ¢6 mau d6

O pH =7-11 ETOO phén ly dang HInd*", ¢6 mau xanh trong
O pH > 11,6 ETOO phén ly dang Ind*", c6 mau vang da cam

Tién hanh phan tmg trong dung dich dém dé dam bao sy d6i mau cia chat chi thi. Dung dich
dém duoc st dung la NH4OH+NH4Cl, véi dung dich dém nay mién pH cta dung dich duy tri
trong khoang tir 8-10 va dam bao hang sé bén ¢ diéu kién ctia phirc tao boi ion kim loai va

complexon III 14 di 16n dé phan tng xéay ra hoan toan.

O pH = 8-10:
H;Ind = 2H* + HInd*
Zn*" + HInd*~ = Znlnd + H*
(xanh trong) (héng tim)
H,Y> + Znlnd™ = ZnY?* +HInd* + H"
(héng tim) (khéng mau)  (xanh trong)

Trude khi chuén do, mot lugng nho chét chi thi ETOO duoc thém vao dung dich khéng mau
Zn*" dé tao ra mot lugng nhé phttc mau dé. Khi complexon III dugc thém vao, dau tién nod
phan tng véi Zn>* ty do. Khi hét Zn>* tu do, complexon III thém véao dé thay thé chét chi thi
HInd?> trong phitc mau d6 ZnInd". Su thay d6i tir mau doé ciia phic ZnInd~ sang mau xanh
ctia HInd*~ & trang thai tu do 13 dAu hiéu dé két thic chuan do.

11.1.2. Céch tién hanh
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Trang rira dung cu

Nap dung dich complexon Il vao buret, dudi hét bot khi, chinh dén vach “0” trudc khi chuan
do.

Lay chinh xac 10,00 mL dung dich ZnSO4 cho véo binh nén, thém vao binh nén khoang 5-7
mL dung dich dém (NH4Cl + NH3), thém moét it chat chi thi ETOO, lic déu dén khi dung dich

c6 mau hong tim.

Tién hanh chuan do bang complexon III cho téi khi toan bd mau hong tim chuyén sang mau

xanh trong, ghi thé tich complexon III tiéu ton.

Lam it nhat 3 1an (sai léch khong qua £0,2 mL), lay gia tri trung binh
10.1.3. Tinh toan

Néng d6 complexon IIT dugc tinh theo dinh luat tac dung duong lugng:

Nznso, X Vznso,

™)

Ncomplexon m= v
complexon III

Trong do: Vznso, = 10,00 ml
Vcomplexon 1 14 thé tich complexon III tiéu tén duoc tinh trung binh tir ba lan
thi nghiém (khi chat chi thi chuyén tir mau hong tim sang xanh trong)
Nznso, la ndng d6 duong luong cua dung dich chuin ZnSOs4
Nznso, =2%Cznso,

Cznso,la ndéng do mol/L cua dung dich ZnSO4

Chung ta c6 thé tinh ndng d6 complexon III theo don vi mol/L:

Cznso, % Vznso,
Ccomplexon m= "5 ’ M)

Vcomplexon 111

Vi dy: Chuan d6 10,00 mL ZnSO4 0,02500M bang complexon III trong mdi truong dém
(NH4", NH3), pH = 10, stt dung chét chi thi eriocrom den T. Khi chit chi thi nay d6i mau, thé
tich EDTA tiéu ton trong cac 1an thi nghiém lan luot 1a: 10,02; 10,04 va 10,06 mL. Hay xac
dinh néng d6 complexon III (tinh ra don vi N va M).

Giai:
Phuong trinh phan tng chuan do: Zn?* + HoY?> = ZnY? + 2H"
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Thé tich complexon III tiéu ton trung binh tir ba 1an thi nghiém:

= 10,02+10,04+10,06
Vcomplexon m = 3 =10,04 mL

Nong do complexon III (M) 1a:

Cznso,X Vznso, _ 0,02500M x 10,00mL

Ccomplexon m=5 10,04mL =0,02490M

Vcomplexon 111

Nong d6 complexon IIT (N) la:

Nznso, X Vznso, _ (2X0,02500)N%10,00mL
Vcomplexon 111 10,04mL

=0,04980N

Ncomplexon m =

11.2. Xac dinh dé cirng ctia nwéc bang complexon llI

Do clmg ciia nude 13 tong ndng d6 ion kim loai kiém thd (nhom II) trong nude. Béi vi nong
d6 cuia ion Ca?*, Mg?" thuong 16n hon rat nhidu cac kim loai kiém thé khac, d6 cting chung
ctia nudc c6 thé dinh nghia 1a sb mili dwong lwong gam Ca®" va Mg?* trong mot lit nudc.
Nudc ¢ d6 cting nhd hon 60 mg CaCOs/L ¢6 thé coi la nudec mém. Néu do cimg 16n hon 270
mg/l, nudc duge cho 1a cimg. PO cing riéng dé cap dén ndéng do cia mdi ion kim loai kiém
tho trong nudc.

11.2.1. Co s& phuwong phap

Phan {mg chuan do:

Na H,Y =2Na* + HoY?
Ca?* + HoY> = CaY? +2H" (11.2)
Mg?" + HoY? = MgY?> + 2H" (11.3)
Xdc dinh dp cirng chung ciia nuéc
Str dung chét chi thi tao phuc Eriocromden T (ETOO)
Tién hanh phan tng trong dung dich dém dé dam bao sy d6i mau cia chat chi thi. Dung dich
dém duogc st dung 1a NH4OH+NH4Cl, v6i dung dich dém nay mién pH cta dung dich duy tri

trong khoang tir 8-10 va dam bao hang sé bén ¢ diéu kién ctia phirc tao boi ion kim loai va

complexon III 1a di 16n dé phan tng xédy ra hoan toan.
O pH = 8-10:
H;Ind = 2H* + HInd*
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Ca’" + HInd* = Calnd + H*

(xanh trong) (hong tim)
Mg?2+ + HInd% = Mgind™ + H*
(xanh trong) (hong tim)
H2Y? + Calnd™ = CaY?~ + HInd% + H*
(hong tim) (khong mau)  (xanh trong)
H2Y? + Mglnd~ = MgY2~ + HInd% + H*
(hong tim) (khong mau)  (xanh trong)

Trude khi chuan do, mot lugng nho chét chi thi ETOO duoc thém vao mau nude phan tich
Ca®" va Mg?'dé tao ra mot luong nho phirc mau d6. Khi complexon III duoc thém vao, dau
tién né phan tmg vdi Ca?* va Mg?* tu do. Khi hét Ca?* va Mg?* ty do, complexon III thém
vao dé thay thé chat chi thi HInd> trong phtrc mau d6 Calnd™ va MgInd ™. Su thay ddi tir mau
d6 cua phtrc Calnd™ va MgInd~ sang mau xanh cta HInd?>® & trang thai tu do 1a ddu hiéu dé

két thuc chuén do.

Xdc dinh Ca’* trong nuéc

Str dung chét chi thi murexit. Trong méi trudng axit manh anion Haln™ c¢6 cong thiic ciu tao

0 q
NH NH
0 N /go
( N\
NH
O O

(HyIn’)

nhu sau:

Murexit 1a da axit ¢6 pKai = 0; pKa2 = 9,2; pKaz = 10,9; nén mau cia chét chi thi phu thudc
vao pH cua dung dich.

O pH < 9,2: Murexit phan ly dang HsIn", c¢6 do tim (red-violet).
O pH =9,2-10,9: Murexit phan ly dang H3In>", ¢c6 mau tim hoa ca (violet).
O pH > 10,9: Murexit phan ly dang HaIn>", ¢6 mau xanh tim (blue).

Murexit tao phtrc mau d6 véi Ca*":
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HoY* +Caln®> + H' s CaY? + Hiln>

Trude khi chuan d6, 5 mL NaOH 2N duoc thém vao mau nude phan tich (100 mL) dé két tia
hét Mg*" & dang Mg(OH),. Két tia Mg(OH), khong thé tiép can v6i EDTA. Sau d6 mot it
chét chi thi murexit duoc thém vao dé tao ra mot luong nhé phic mau do véi Ca®". Khi
complexon III dugc thém vao, dau tién n6 phan tng véi Ca®*. Khi hét Ca®* tu do, complexon
III thém vao dé thay thé chét chi thi murexit trong phirc mau d6 Caln®". Sy thay ddi tir mau
do cua phtic Calnd™ sang mau tim hoa ca ¢ trang thai ty do cua chat chi thi 1a d4u hiéu dé két
thac chuan do.

11.2.2. C4ch tién hanh
Xdc dinh d¢ cuwng chung ciia nwoc
Nap dung dich complexon III vao buret, dudi hét bot khi, chinh dén vach “0” trudc khi chuan

do.

Lay chinh xac 100 mL dung dich nuéc can phan tich cho vao binh nén, thém vao binh nén
khoang 5-7 mL dung dich dém (NH4CI + NH3), thém mét it chat chi thi ETOO, lac déu dén

khi dung dich c¢6 mau hong tim.

Tién hanh chuan do bang complexon III cho téi khi toan bd mau hong tim chuyén sang mau

xanh trong, ghi thé tich complexon III tiéu tn.
Lam it nhét 3 1an (sai 1éch khong qua +0,2 ml), 14y gi4 tri trung binh

Xdc dinh Ca’* trong nuwéc

Nap dung dich complexon III vao buret, dudi hét bot khi, chinh dén vach “0” trudc khi chuan
do.

Lay chinh xac 100,0 mL dung dich nudc can phén tich cho vao binh ndn, thém vao binh nén
khoang 5 mL dung dich NaOH 2N, thém mdt it chét chi thi murexit, lic déu dén khi dung

dich ¢6 mau doé.

Tién hanh chuan d6 bang complexon III cho t&i khi toan b mau do chuyén sang tim hoa ca,

ghi thé tich complexon III tiéu t6n.

Lam it nhat 3 1an (sai léch khong qua £0,2 mL), Iy gia tri trung binh
11.2.3. Tinh toan
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D¢ cung chung ctia nudc:

Ncomplexon 111 X Veomplexon 111
Hegzr wgze = Negze ygze X 1000 = —Sompiesonil——comnieonl 1 (mN)
nudc phan tich

Heaer pgzt = 100 X Cogov o2+ X1000= 100 x ~2mplexon X Teomplexon it 1 (mg CaCO; / lit)

Vhvoe phén tich

D¢ cling riéng cua nudc:

N 1 1 X Veompl 00|
Hi2+ = Nggz+ X 1000 = =728 e = x 1000 (mN)
Vhuéc phéan tich

Hg,z+ = 100 X Cgyz+ X 1000 = 100 x “complexonin Yeomplexont , 1 (mg CaCOs/ lit)

Vhvoe phén tich

Trong do: V hwécphan tich = 100,0 mL
Vcomplexon 1p 1a thé tich complexon III tiéu tén duge tinh trung binh tir ba lan
thi nghiém
Ncomplexon 111 V& Ceomplexon 111 lan lugt 1a nong d6 dwong luong va nong do

mol ciia dung dich complexon III dugc xac dinh ¢ phan 11.1

Vi dy: Dé xac dinh do cung chung cua nudc nguoi ta chuan do 100,0 mL nuéc can phan tich

bang complexon III 0,04980N trong méi trudng dém (NH4*, NH3), pH = 10, sir dung chat chi

thi eriocrom den T. Khi chit chi thi nay dd1 mau, thé tich complexon III ti€u tén 1an luot cho

ba 1an thi nghiém la: 4,65; 4,70 va 4,60 mL.

Dé x4c dinh d6 cimg riéng ciia nudce, ngudi ta lidy 100,0 mL nudc can phan tich, cho két tia

Mg?" trong mau nudc bang NaOH 2N (pH ciia dung dich phén tich khoang 12). Sau d6 chuan

d6 mau nudc phan tich bang complexon III ¢c6 mit chét chi thi murexit. Khi chit chi thi nay

dd1 mau, thé tich complexon III tiéu t6n 1an luot cho ba lan thi nghiém la: 2,65; 2,70 va 2,60

mL.

Hiy x4c dinh do cting chung va d¢ cimg riéng ctia nuée. Tinh nong do Ca** va Mg?" ra don

vi mg/L. Cho biét Mca = 40,078 g/mol va My = 24,305 g/mol.

Giai:
Céc phan tmg chuan do:
Ca’" + HboY?> = CaY? +2H"
Mg?" + HoY? = MgY?> + 2H"



Thé tich complexon III trung binh khi chét chi thi eriocrom den T d6i mau la:

= 4,65+4,70+4,60
Vcomplexon I = 3 =4,65 mL

D¢ cung chung ctia nudc:
NcomplexonIII X VcomplexonIII x 1000

Heo2+ poz+ = Negz+ pez+ X 1000 =
Ca®", Mg Ca®", Mg Vhuwécphan tich

_0,04980N.4,65mL

x 1000 = 2,32 mN
100,0

Thé tich complexon III trung binh khi chét chi thi murexit d6i mau la:

7 2,65+2,70+2,60
Vcomplexon m=-— 3 - 2,65 mL

D¢ cling riéng cua nudc

N 1 m XV 1 I
Hea2+ = Ngz+ x 1000 = ERAULL e %1000
Vhwec phan tich

0,04980N X 2,65ml
=——"——x1000=1,32 mN
100,0
40,078

2

( g ) =26,5 mg/L

dwong lwvong gam

Nong do cia Ca®*: Cepz+=1,32mN x

24,305
2

Nong do ciia Mg?*: Cpgz+= (2,32-1,32)mN x ( g ) =12,2 mg/L

duwong lwuong gam

11.3. Dung cu va héa chat

- Céc c6 mé 100 ml

- Ong dong

- Buret

- Binh n6n 100 ml

- Binh n6n 250 ml

- Pipet 10 ml

- Binh dinh mirc 100 ml

- Qua bop cao su

- Dung dich NaOH 2N

- Dung dich dém (NH;3 + NH4ClI)

- Chét chi thi eriocrom den T (ETOO)
- Chét chi thi murexit

- Dung dich complexon III

- Dung dich chuan ZnSO4 0,02500M
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- Mau nudc can phan tich

11.4. Cau hai 6n tap

1. Néu cach tién hanh thi nghiém xac dinh lai nong d6 dung dich Complexon III bang dung
dich ZnSOa.
Néu cong thirc tinh.

Qua trinh chuan d6 dugc thuc hién & moi truong pH nao? Giai thich.

2. Néu céch tién hanh thi nghiém xéac dinh lai nong d6 dung dich Complexon III bang dung
dich ZnSO4. Trinh bay co ché chuyén mau cta chét chi thi (viét phuong trinh phan tng), tai

sao phai str dung dung dich dém dé duy tri pH 6n dinh trong sudt qua trinh chuan do?

3. Trinh bay cach xac dinh do cimg riéng phan Ca*" va Mg?" trong mau nudc. Cong thirc tinh
toan két qua. Tai sao phai st dung chét chi thi murexit khi chuan d6 Ca%*, c6 thé dung ETOO

duoc khong?

4. Chuan d6 10,00 ml dung dich ZnSO4 0,0250 M bang dung dich EDTA thdy tiéu ton hét
11,50 ml. Tinh nong d6 EDTA (N).

Sau d6 sir dung dung dich EDTA nay dé xac dinh d6 cing chung cta nudc. Khi chuin do
100,0 ml nudc voi chét chi thi Eriocrom den T trong méi truong dém pH = 10 ¢o chét tro tao
phirc NH; thiy tiéu ton 5,20 ml EDTA. Khi chuén d6 ciing 100,0 ml mau nuéc trén & moi
truong pH = 12, khong c6 mat chét trg tao phtrc, st dung chét chi thi Murexit thr?iy tiéu ton
2,7 mL. Hay viét cac phuong trinh chuan d¢ va tinh d6 cing chung ctia nude va ham luong

g/L ctia Ca?" va Mg?" trong mau nudc phan tich.

Bai 12. Phwong phap phan tich khéi lwong

Phuong phap phan tich khdi lugng dua trén két qua do khéi luong 1a tin hiéu cho biét thanh

phan ctia mau phén tich [9].

Phuong phap phan tich khéi lugng truyén thong lién quan dén chuyén nguyén td, ion hay gbc
thanh hop chat 6n dinh, tinh khiét ma hop chét nay c6 thé thich hop cho viéc can khdi luong
tryc tiép hay chuyén hoa thanh cac dang hop chat khac ma c6 thé dé dang phan tich dinh
lwong. Khéi luong ciia nguyén 6, ion hay gbc sau do duoc tinh tir cong thirc da biét cua hop

chit va mbi lién quan giira kh6i lugng nguyén tir va cac nguyén td hop thanh.
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C6 thé dé cap t6i nhitng 1y do ma phuong phép phéap phan tich khdi luong van duoc sir dung,

mic du nhuoc diém co ban trong moi trudng hop 1a ton thoi gian:
- La mét phuong phap c6 d¢ chinh xéac khi str dung can phan tich hi¢n dai.

- Cac nguyén nhan gy sai s6 c6 thé dé dang kiém tra, tir phan nudc loc c6 thé kiém tra sy két

tia hoan toan hay chua va c6 thé kiém tra sy ¢ mit ciia cac tap chét trong két tua.

- La phuong phéap dung tuyét dbi, chung ta co thé do tryc tiép ma khong phai thiét 1ap dudng

chuan.

- Céc thiét bi lién quan dung cho phép xac dinh khong dt tién, cac khoan dit tién nhat 13 1o

nung va mot vai chén Pt.

Phuong phép phén tich khéi luong 1a mot phuong phéap phan tich vi lugng, thuong ding dé
so sanh véi nhiéu qué trinh phan tich dinh lugng khac. Vi két qué c6 dd chinh xéc cao, thim

chi véi diéu kién phong thi nghiém thuong, n6 co do lap lai két qua trong khoang 0,3-0,5%.

12.1. Xac dinh S03~
12.1.1. Co s& phuwong phap

S03~ dugc két tha tir dung dich voi mot luong du Ba?*
SO2~ + Ba’>" = BaSOy4,

Loc rira két tua thu dugc két tia BaSO4 sach, siy kho va nung dén khdi luong khong do6i. Tir

khdi luong ciia BaSOa suy ra ndng do cua SO3~.

Luu y:

+ BaSO0s4 14 két tia tinh thé, cic diéu kién tién hanh két tiia tudn theo cac diéu kién i wu cia
két tia tinh thé: tién hanh két tia tir dung dich va thudc thir loang, qua trinh thém thudc thir
cham, khudy déu (giam do bdo hoa cuc bé dung dich), két taa tir dung dich nong (muc dich
lam tang do tan s), hat bé tan ra, hat 16n tiép tuc 16n. Thém H' vao dung dich dé tang do tan
cta két tua. Két tiia xong, dun trén bép — qua trinh 1am mudi két taa, két tua hoan chinh va
16n 1én, thoi gian 1h, 2h, .., 8h... dem loc rira. Rira hét CI” (BaCl: la chdt it bay hoi, néu chua

rika sach né sé lan trong BaSOy lam sai két qud phdn tich).
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+ Trong qua trinh tro hoa trén bép dién co thé xdy ra sy khir BaSO4 bai C

tO
BaSO4+ 2C — BaS +2CO»
Sai s6 nay co6 thé khic phuc duoc néu ddt nong 1au két tia trong khong khi:
BaS + 202 — BaSOq4

Khong nung két tiia & nhiét do qua cao vi ¢ thé xay ra sy phan huy BaSO4

tO
BaSO4 — BaO + SO;
Nhung két tia d& dang bi khir thanh dang sunfit & nhiét d6 khoang 600 °C boi C cua gidy loc:
BaSO4+4C =BaS +4CO

Qua trinh khir ndy c6 thé tranh dugc néu khi tro hoa gidy loc khong c6 ngon lira, sau d6 dé
cacbon chay cham & nhiét do th?ip voi lugng du khong khi va khi c6 du khong khi thi BaS
chuyén héa thanh BaSOs.

12.1.2. Céch tién hanh

Lay chinh xac 10,00 mL dung dich chira SO~ cho vao cdc c6 mo 250 mL, thém 3-4 mL
dung dich HCI 2N, 2-3 mL dung dich axit picric 1%, pha thém nudc cat &én 120 mL, dun cbc
chira dung dich dén khoang 70°C.

Lay khoang 5 mL BaCl, cho vao coc ¢6 mo 100 mL, thém nuéc cat dén khoang 50 mL, dun

dén 70-80 °C.

ROt tir tir BaClz theo diia thuy tinh, tién hanh két tia dén hoan toan. Dé kiém tra xem két tua
da hoan toan hay chua, doi két tia ling xudng, rot dung dich BaCl, theo thanh cdc xudng
dung dich dang két tia, quan sét tai phan trong sudt tiép xuc giira hai dung dich, néu khong

théy van duc thi két tua duoc coi 13 hoan toan.

Pun cach thay cbc khoang 1h, loc rira két taa (rita hét CI, kiém tra bang cdch ldy mét it
nuoc loc o cuéng phéu cho vao mét céc sach trong suot chiva mot vai giot dung dich AgNOs,

néu khéng thdy van duc thi qua trinh rira diege coi la da sach CI).

Khi loc can c¢6 phéu thuy tinh, gidy loc va diia thuy tinh. Gap d6i roi gap tu to gidy loc. Dat to
gidy loc theo hinh vong cung roi tach ba 16p gidy thanh hinh nén (xem cdch gap giay loc ¢
bai 1). Pat to gidy loc vao phéu. Nho vai giot nudc cho tham udt to gidy. DO chat 1ong tir tir

theo diia thuy tinh.
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Chuyén gidy loc chira két tia vao chén nung. Thuyc hién tro hoa trén bép dién.

Nung két tia & nhiét do 800 °C khoang 30 phut, léy ra binh hat am, dé ngudi, can ghi khdi
lwong BaSO4. Thyc hién lai thao tac cho toi khéi lugng khong doi.

12.1.3. Tinh toan

Mpaso, ™ Mo — 1M
m,: khoi luong cia chén trude khi nung, g

my: khoi luong cia chén va két tiia sau khi nung, g

Mp;,s0, (8)

g
Mgaso, (ﬁ) x Vsoﬁ‘ (mD)

Csoz- = x 1000 , mol/l

Vsoz-: thé tich ciia SO~ da 1y & dung dich can phén tich dem két taa, ml
12.2. Xac dinh Fe3*
12.2.1. Co sé phwong phap
Fe" duoc két tua tir dung dich v6i mot lwong du NHsOH
Fe** + 3NH4OH = Fe(OH)3; + 3 NH}

2Fe(OH)3; = Fe203 + 3H20

Loc rira két tia thu duoc két tia Fe(OH); sach, sidy kho va nung & 800°C

dén khéi lugng khong doi. Tir khéi lugng cta dang can FeOs suy ra nong do ctia Fe’*.

Luu y: Khong thé thay dung dich NH4OH bang dung dich NaOH vi trong qua trinh rira khong
thé rira hét ion Na®, ma khi nung hop chat cia Na* khong hoa hoi hoan toan, do d6 sau khi

nung van con 1an hop chat ciia Na* trong dang can.

Luu y: Fe(OH)3 la két tua vo dinh hinh, cic diéu kién tién hanh két tua tuan theo céac diéu
kién t6i uu cia két tiia vo dinh hinh:

Yéu céu:

- Tao két tia c6 do chic nhat dinh. Dung dich phén tich va thude thu tuong ddi dac, nong s€

thu dugc két tiia chic khong x6p

- Két taa it bi nhiém ban. Qua trinh thém thudc thir nhanh, khudy déu, két taa tir dung dich

nong (dé lam giam qud trinh hdp phu tap chat).

95



- Tranh tao keo (tich so tan ciia Fe(OH); bé dé tao keo), kich thudc cua hat keo nho dé chui
qua gidy loc lac loc rua. (Kich thude cia hat keo trong khodang 1-100 nm, thong thuong thi
giay loc giwr lai nhitng hat c6 kich thuéc khoang tur 10 um) [1]. Do vay, tién hanh két taa khi
c6 chat dién ly manh. Trong bai thi nghiém, NH4NO:s 1a chat dién ly manh giup ngén ngura sy
tao hé keo va ddy nhanh qua trinh dong tu két tiia v dinh hinh. Néu trong khi nung két tua c6
sinh ra Fe3O4 thi sy c6 mit cia NH4NO3 voi vai tro chat oxi hoa s& oxi hoa hoan toan Fe3Os
thanh Fe>O3. C6 thé thay NH4NO; bang cac chat khac nhung phai dam bao 2 diéu kién: 1a
chit dién ly manh va bay hoi hoan toan khi nung, vi du nhu NH4Cl, tuy nhién chat nay khong
c6 kha nang oxi hoa Fe3O4 thanh Fe;O3 nhu NH4NOs.

- Sau khi két tiia xong phai pha lodng bang nudc cat va loc ngay (thé tich dung dich ting,
nong dé tap chat giam, qud trinh hdp phu phu thuéc nong dg tap chat), khong ngam lau tranh

hién tugng két tha sau.

Phai rira hét ion CI” vi néu trong két tia Fe(OH); ¢6 14n ion CI” dudi dang NH4Cl thi khi
nung néng sé tao hop chat FeCls dé bay hoi (do tao dimer Fe>Cl), am mét dang ké luong Fe
c6 trong két tia

Fe(OH); + 3NH4CIl — FeCls + 3H20 + 3NH;3

Ngoai ra, khi nung néng Fe2Os ¢6 su c6 mdt cuia FeCls xdy ra phan tng

350°C
FeCl; + Fe2O; — 3FeOCl
12.2.2. Céch tién hanh

Pun s6i khoang 100 mL nudc cat.

Chuén bi dung dich NHsNO3 2% néng.

Lay chinh x4c 10,00 mL dung dich chira FeCls cho vao cdc c¢6 mé 250 mL, thém 3-4 mL
dung dich HNO; 2N. Pun cbc chira dung dich dén khoang 70-80°C (khéng dun nong qud vi
bay hoi FeCl3).

Lay khoang 10 mL NH4OH cho vao cbc c6 mo 100 mL (khdng dun néng!). Rot nhanh dung
dich NH4OH vao dung dich FeCl3 dang nong, khuéy lién tuc (thuc hién trong tu hut), rot

thém 100 mL nudc nong, dit 1én bép khudy nhe va dun nong lai.

Pem cdc phan tng vé vi tri 1am viéc, doi két taa 1§ng roi loc ngay. Qua trinh loc 1a loc gan va
néng, gan lay phan két tia dé rira tiép, phan nudc loc dugc di qua phéu loc. Két tua con lai
trong coc duge dem rira tiép bang dung dich nong NHsNOs 2% mdi lan khoang 20 mL dén
khi hét ion CI~ (Dung vai giot dung dich sau cudng phéu cho vio cdc c6 mo dung vai giot

dung dich AgNO;3, néu théiy dung dich khéng bi van duc la duoc).
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Sau khi da rira hét ion ClI, chuyén két tia vao giay loc, vét cho sach két tia & diia thiy tinh
va coc, dé giay loc rdo nudc, chuyén ca két tda va giay loc vao chén st da nung va can trudce,

sdy kho.
Tro hoa trén bép dién (hodc & phia ngodi 16 nung)

Nung ¢ nhiét ¢ 800 °C khoang 30 phut, 1y ra binh hiit am, dé ngudi, can ghi khdi luong
Fe>0;. Thyc hién lai thao téc cho t6i khdi lugng khong doi.
12.2.3. Tinh toan

Mpe,0,= Mo — M

mo: khoi lwong ciia chén trude khi nung, g

my: khoi heong ciia chén va Fe;Os sau khi nung, g

2Xx mFe203 (g)

Mre, 05 (757) X Vie3+(mD)

Cpes+ = x 1000 , mol/L

Vies+: thé tich ciia F&>* da ldy ¢ dung dich can phan tich dem két tia, mL

12.3. Dung cu va héa chat

- Cde ¢6 mé 100 mL

- Cde ¢6 mo 250 mL

- biia thuy tinh

- Ong dong

- Bép dién

- Chén nung

- Can phan tich

- Lo nung

- Gidy loc

- Phéu loc

- Binh n6n 250 mL

- Pipet 10 mL

- Qua bop cao su

- Dung dich axit picric 1%

- Dung dich AgNOs; 0,05N

- Dung dich axit HCI 2N

- Dung dich NH4NO3 2%
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- Dung dich NH4OH

- Dung dich can phan tich FeCl;
- Dung dich can phan tich SO~
- Dung dich BaCl»

12.4. Cau hoi 6n tap

1. Néu céach tién hanh thi nghiém xac dinh ndng d¢ ion Fe*" theo phuong phap phan tich khdi

luong.

Trinh bay cac diéu kién dé thu duogc két tia Fe(OH); tot nhat. Vai trd cua axit HNOs va
NH4NOs.

Tai sao phai rira hét C1-?

Trinh bay cach xir Iy chén nung trudc khi dem nung véi két tua.

Trinh bay vai trd cia NHsNOs. C6 thé thay NH4NO; bang chit nao khac?

Néu thay dung dich NH; bang dung dich NaOH d¢é két tiia Fe** ¢6 duoc khong? Vi sao?

Cho biét wu diém va nhuoc diém cta phuong phap phén tich khdi lwong so v6i phuong phép

phan tich thé tich.

2. Néu cach tién hanh thi nghiém xéac dinh nong d6 ion SOZ~ theo phuong phap phan tich
khéi lugng.

Cho biét vai tro ctia axit HCI va axit picric.

Tai sao phai rira hét C1-?

Trinh bay cac diéu kién tro hoa va nung két tua.

Giai thich viéc nung dén khéi luong khong doi.

3. Sat tir 1a loai khodng c6 cong thirc 1a Fe304 hay FeO.Fe203. Liy 1,1324g mau quang sat
tlr hoa tan trong axit HCl dac, thu dwgc dung dich chira Fe?* va Fe3+. Axit HNO3 dwoc
thém vao dé chuyén héa toan bd hon hop st thu duoc vé dang Fe3+. Sau d6 Fe3+ dwoc
két thia dwdi dang Fez03.xH20 bang cach sir dung NHs. Sau khi loc rira, két tia duwgc nung
& nhiét do cao va thu dwgc 0,5394g Fe20s3 tinh khiét (159,69 g/mol).Tinh:
A. Phan tram Fe (M = 55,847 g/mol) trong mau quing:
a,31,12% b, 32,32% ¢, 33,32% d, 33,22%
B. Phan trdm Fe30s4 (M = 231,54 g/mol) trong miu quang (gia st 3 mol Fe203 dugc tao
ra tir 2 mol Fe304):
a, 46,04% b, 46,32% c, 46,42% d, 46,22%
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