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TOM TAT

Bai bao nay nghién cttu anh huwong xtc tac ctia formaldehyde dén tdc d6 phan tng
oxi héa Rhodamine B (RhB) béng kali bromate (KBrOs) trong moi truwong axit
sulfuric (H2S04). T8¢ dd phan ting dugc xac dinh bang cach do su thay d6i d6 hdp
thu theo thoi gian cia dung dich RhB tai bude song (A o 557 nm. Cac diéu kién
thich hop cho phan tng da dwoc nghién cttu. Phuong phap phan tich
formaldehyde duwoc xdy dung trong khoang nong d¢ 7,32 — 50,00 ppb véi hé s6
twong quan (R) 1a 0,9993 va gidi han phat hién (LOD) la 2,19 ppb. D¢ 1éch chuan
twong ddi khi x4c dinh cac mau chudn formaldehyde phong thi nghiém c6 nong do6
15 ppb va 45 ppb twong ting la 4,34% va 3,14% (n = 3).

T khéa: dong hoc — xtic tac; formaldehyde; rhodamine B; trac quang.

1. MO PAU

Formaldehyde 1a chat khi khong mau, c6 mui hang, dé chay va c6 kha ning tw
polymer héa khi ¢ noéng do cao. Formaldehyde dwgc stt dung trong nhiéu linh vye doi
song nhuw nong nghiép, cong nghiép, y t€, ... Tuy nhién, viéc ti€p xtc véi nd trong
khoang thoi gian dai hay ngan, véi nong dd thap hay cao déu gay anh huong khong
tot dén stec khde con nguoi nhu di tng da, gay kich thich ¢ niém mac mii, vom hong,
va c0 kha nang ung thu, ... [2], [7].

Chinh vi nhitng tac hai cta nd, nghién cttu xac dinh ham lugng formaldehyde
trong nhiéu ddi twong nhu moi treong, thue pham, ... ngay cang dugc quan tam nhiéu
hon. Hién nay, c6 nhiéu phuwong phap phan tich duwoc nghién ctu dé€ xac dinh
formaldehyde nhu phuong phap sac ky [5], phuong phap trac quang [4], phiwong phap
phan tich dong chay [8] ... Trong s& cic phuong phap ké trén, phuong phép trac
quang - dong hoc xtc tac (TQ - DH XT) 1a phuong phap c¢é d6 nhay va do chon loc tot,
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quy trinh phan tich don gian, ti€t kiém thoi gian va chi phi phan tich, thich hop véi
viéc xac dinh formaldehyde trong cac doi twong khac nhau.

Trong bai bao nay, chung t6i dwa ra mot s6 két qua ban dau vé viéc nghién ctru
xéac dinh formaldehyde bang phwong phap TQ -DH XT dya trén anh hudng xtc tac
ctia formaldehyde cho phan tng oxi héa RhB bang KBrOs [3]. Két qua ctia nghién ctru
nay nham dinh hudéng cho viéc xay dung phuong phap xac dinh formaldehyde trong
cac do6i teong thye pham.

2. THUC NGHIEM

2.1. Thiét bi, dung cu
- May quang pho V630 UV/Vis Spectrometer Jasco (Nhat Ban);
- May cdt nudce 2 lan Aquatron (Thuy Si);
- Can phan tich Precisa XB 2204 véi do chinh xac 0,0001 g;

- Cac dung cu thay tinh nhu pipet, binh dinh mttc, ... duoc rita bf“mg xa phong,
dung dich axit d4c; ngam trong dung dich axit loang va duoc rira lai bang nudc may
trude khi trang lai véi nude cat.

2.2. Héa chat

Cac dung dich goc: formaldehyde 1000 ppm (PA, Trung Qudc) duoc chuan do
lai bf?mg phwong phap Iod — Thiosunfate theo TCVN 7535-2:2010 [1]; Rhodamine B
0,001 M (PA, buc); KBrOs 0,1 M (PA, Phap); H2SO: 0,8 M (PA, Trung Qudc).

Cac hoa chat déu thudc loai hoa chat tinh khiét phan tich (PA) va duoc pha véi
nudce cat 2 Jan.

2.3. Co s6 ly thuyét caa phwong phap

Phuong phap dua trén anh hwong cua xtc tac formaldehyde dén phan ting oxy
hoéa RhB bang KBrOs. Co ché ctia phan ting c6 xtc tac dién ra nhuw sau [3]:

12 BrOs + 15 HCHO + 12 H* = 6 Br2+ 15 CO2 + 21 H20 (1)
Br2+ RhB (tim) — san pham oxy hda (khong mau) + Br-  (2)

Theo [3], phan ting (1) xay ra chdm hon nhiéu so v6i phan tng (2) nén tdc do
cta phan tng phu thudc vao téc dd phan tng (1). Br2 duoc sinh ra sé phan tng véi
RhB lam giam cuong d¢ hap thu ctia dung dich RhB tai budc séng 557 nm.

D€ xac dinh t6c do phan tng (v), ching toi st dung phuwong phap tich phan -
8 dinh thoi gian (At) [6] va duoc biéu dién qua bidu thiic sau:

A
v=logA—° = (k,+k,.C

S

)at=k+k,.C, )

HCHO
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Véi Ao, As Tan luot 1a d6 hdp thu caa RhB trong phan ting nén va phan tng c6
xtc tac trong khoang thoi gian At; ki, k2 Tan lugt 1a hang s8 toc do ctia phan ting nén

va phan tng cé xtc téc.

3. KET QUA VA THAO LUAN
3.1. Cac diéu kién thich hop ctia phan tng
3.1.1. Chon lua budc song hap thu thich hop

Quét phd hap thu cta cdc hé phan tng khac nhau trong khoang budc song ti
800 - 400 nm. K&t qua dugc biéu dién trén hinh 1.
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Hinh 1. Pho hdp thu ctia RhB trong nhitng hé phan ting khac nhau.
(1): Phé hdp thu ctia RhB trong moi truong H2SOs.
(2): Ph6’ hdp thy ciia RhB trong moi triweong H2SO4 c6 mdt KBrOs .
(3): Ph6’hdp thu ciia RhB trong moi truweong H2SO4 c6 mdt KBrOs va formaldehyde 5 ppb.
(4): Phé hdp thu ciia RhB trong moi triweong H2SOs c6 mdt KBrOsva formaldehyde 50 ppb.

Diéu kién thi nghigm (DKTN): Quét phd’tir 800 nm - 400nm; Cris = 8. 106 M; Cksros = 8. 104 M; Crzsos
=0,1 M; nhigt 4§ phong; thoi gian phdn tng (tpe) = 4 phiit.

Két qua hinh 1 cho thdy d hadp thu giam khi trong dung dich c¢6 KBrOs (duwong
2) ching t6 da c6 phan tng gitta RhB va KBrOs . Mat khac, d6 hdp thu giam manh khi
c6 mat nong dd cua formaldehyde (duong 3,4). Diéu nay da cho thady formaldehyde
déng vai tro xtc tac khién phan ¢ng xay ra nhanh hon.

Dua vao pho hap thu trong hinh 1, ching t6i nhan thay pho hap thu dat gia trj
cyee dai tai bude song A = 557 nm. Vi vay, budc séng 557 nm duoc Iyra chon trong cac
thi nghiém tiép theo.
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3.1.2. Chon lua nong d6 caia RhB

T6c d6 phan tng phu thudc vao nong do cac chat phan tng: RhB, KBrOs, H* va
formaldehyde. Tuy nhién, vi néng dé RhB 16n hon nhiéu so v6i néng do formaldehyde
nén sy thay doi nong dé6 RhB anh hwong khong dang ké dén téc do phan tng [6]; vi
vay, chtiing t6i lya chon Cris = 8. 10 M ¢6 d hédp thu A =0,8223 Abs cho tat cac thi nghiém.

3.1.3. Anh huéng ctia nong do KBrOs

Anh huong ctia KBrOs dén t8c dd phan tng nén va phan tng cé xuc tac duogc

khao sat trong khoang ttr 4,0.10 - 14,4.104 M. Két qua duoc biéu dién nhw hinh 2.
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Hinh 2. Anh huong ctia KBrOs dén log(Ao/As).

DKTN: A =557 nm; Cris = 8.106 M; Ch2sos= 0,1 M; Crcro= 50 ppb; nhiét dg phong; tye =4 phiit.

log(Ag/Ag)

Két qua 6 hinh 2 cho thdy khi nong d6 KBrOs tang tur 4,0.10#M dén 8,0.10¢ M
dan dén t6c d6 phan tng cd xtc tdc nhanh hon so véi phan g nén nén log(Ao/As)
tang. Sau do téc do phan tng cd xtc tac giam dan nén log(Ao/As) giam. Vi thé, chung
toi lwra chon 8,0.10# M lam nong dd KBrOs cho cac thi nghiém tiép theo.

3.1.4. Anh huong cta nong do H2S0s

Anh hwong ctia H2SO: dén t8c d6 phan ting nén va phan tng ¢ xtc tac duoc
khao sat trong khoang ttr 0,096 - 0,176 M. Két qua duoc biéu dién nhw hinh 3.

log(Ay/Ag)
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Hinh 3. Anh huong ctia H2SO4 dén log(Ao/As).
DKTN: A =557 nm; Cris = 8.10¢ M; Cksro3 = 8.10+ M; Cucrio= 50 ppb; nhigt d¢ phong; tw: = 4 phiit.
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Két qua ¢ hinh 3 cho thay khi ndong dé H:SO: ting tir 0,096 M dén 0,16 M dan
dén tc do phan tng c6 xic tac nhanh hon so v6i phan ting nén nén log(Ad/As) tang.
Sau d¢, toc d0 phan ting cd xtc tac giam nén log(Ad/As) giam. Vi thé, 0,16 M duoc lya
chon lam noéng do H2S0: cho cac thi nghiém tiép theo.

3.1.5. Anh huéng ctia nhiét do

Anh huong ctia nhiét do dén t6c ¢6 phan ting nén va phan ting c6 xtc tac duoc
khao sat trong khoang ttr nhiét d6 phong (khoang 25 °C) dén 80 °C. Két qua duoc biéu
dién nhu hinh 4.

0.6

0.55

log(Ay/As)

0.4

20 30 40 60 70 80

50
Nhiét dé (°C)
Hinh 4. Anh huong ctia nhiét do dén log(Ao/As).

DKTN: A =557 nm; Cris = 8.10-¢ M; Cksro3 = 8.10 M; Crcro= 50 ppb; Crz2s04= 0,16 M; tye = 4 phiit.

Theo két qua duoc biéu dién nhu hinh 4 cho thdy tc d6 phan ting c6 xtc tac
nhanh hon so véi t6c dd phan ting nén khi ting nhiét d tir nhiét d¢ phong dén 70 °C
nén log (Ao/As) tang dan. Sau d¢, gia tri log (Ao/As) giam ¢ nhiét d6 80 °C. Do d6, nhiét
dd 70 °C duoc lya chon la nhiét d¢ phu hop cho cac thi nghiém tiép theo.

3.1.6. Anh huong ctia thoi gian

Anh huwong ctia thoi gian phan tng dén tdc dd phan tng nén va phan tng c6
xuc tac dwgc khao sat trong khoang thoi gian 1 phat dén 4 phat. Két qua dwgc biéu
dién nhu hinh 5.
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Hinh 5. Anh huong ctia thoi gian dén log(Ao/As).
DKTN: A =557 nm; Cris = 8.106 M; Ckgr03=8.10* M; Crcro= 50 ppb; Crzso4= 0,16 M;
nhiét d6 70 °C.
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Két qua nhu hinh 5 cho thay thoi gian phan tng 2 phut la phtt hop vi gia tri
log(Ao/As) cao nhét trong thoi gian nay. Vi thé, d€ thuan loi cho viéc tién hanh thi
nghiém, ching t6i Iyra chon 2 phut lam thoi gian phan tng thich hgp cta cac thi
nghiém ti€p theo.

3.2. Sy phu thudc giira tc 40 phan tmg va nong d6 formaldehyde

Ap dung cac diéu kién thich hop da chon, tién hanh do dd hdp thu ctia dung
dich phan ting nén va phan ting c6 xtc tac cua formaldehyde trong khoang tit 5 ppb
dén 50 ppb. Phuong trinh hoi quy gitra log (Ao/As) theo Crcro ¢6 dang:

log (Ad/As) = (0,030840,0054) + (0,0097 + 0,0002).Cictio

0 10 20 30 40 50 60
Nbéng dé HCHO (ppb)

Hinh 6. Dudng biéu dién sy phu thudc cta log (Ao/As) vao nong 6 formaldehyde.
DKTN: A =557 nm; Crus = 8.10¢ M; Cksros= 8.10 M; Crzsos= 0,16 M; nhiét 46 70 °C; tpe =2 phiit.

Tt hinh 6, chung t6i c6 thé xac dinh duoc cac thong so lién quan dén moi quan
hé gitra log(Ad/As) va Cucro nhu sau:

- Hé s6 tuong quan (R) =0,9993;

- D¢ léch chuan cua tin hiéu y trén duwong chuan (Sy) = 0,0071;

- Gidi han phat hién (LOD) = 2,19 ppb va giéi han dinh luong (LOQ) = 7,32 ppb.
3.3. Panh gia do tin cay cua phwong phap

Do tin cdy cua phuwong phap dwoc danh gia thong qua do lap lai (RSD) va do
thu hoi (Rev). Tién hanh do lap lai 3 [an d6i voi moi dung dich formaldehyde chuan ty
pha c6 nong do 15 ppb va 45 ppb. Két qua thu dugc & bang 1.
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Bang 1. Két qua danh gia do tin cay ctia phuong phap.

Cucro (ppb) Thinghiém log(Ao/As) Cucno tim thiy (ppb) RSD (%) Rev (%)

1 0,1636 13,70

15 2 0,1743 14,80
4,34 96,13

3 0,1740 14,77

Trung binh 14,42

1 0,4896 47,30

45 2 0,4857 46,90
3,14 102,82

3 0,4635 44,61

Trung binh 46,27

Theo Horwitz, khi xdc dinh ham luong ctia chdt phan tich trong néi bo phong
thi nghiém, gia tri RSD s% RSDHorwitz thi két qua chdp nhan duoc. Theo két qua trong

bang 1, chiing toi nhan thay:

1 . .
Vi Crctio = 15 ppb thi RSD < E.z1 0,510g(15.10) _ 15 (109,

V6i Crcro = 45 ppb thi RSD < %.2*0510%(45109) =12,76%.

Két qua so sanh ¢ trén cho thdy phuong phap c6 d6 ldp lai tot. Dong thoi, theo
két qua ¢ bang 1, d¢ dung cua phuong phap dat yéu cau véi do thu hoi 96,13% -
102,82% (n = 3).

4. KET LUAN

Vi céac két qua thu duoc 6 trén, chung t6i c6 thé di dén nhing két ludn nhuw
sau:

- Da tim duwoc cac diéu kién thich hop khi phan tich formaldehyde bang
phuong phap trac quang — dong hoc xtic tac stt dung hé phan ting RhB - KBrOs trong
moi treong H2504 véi xtic tac formaldehyde.

- Phuong phép c6 thé xac dinh formaldehyde trong khoang nong d6 7,32 - 50
ppb v6i hé s6 twong quan (R) la 0,9993; gidi han phat hién (LOD) la 2,19 ppb va gidi
han dinh lwong (LOQ) 1a 7,32 ppb.

- Két qua danh gia do6 tin cay cho thay phuong phap c6 do 1ap lai (RSD) va do
dung (Rev) tot:

+ V6i Crcro = 15 ppb: RSD = 4,34% va Rev = 96,13% (n = 3);
+ Vi Crcro = 45 ppb: RSD = 3,14% va Rev = 102,82% (n = 3).
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LOI CAM ON

Cam on Phong thi nghiém Hoa Moi truong — Dai hoc Khoa hoc Hué da tao diéu

kién thuan lgi d€ chuing t6i nghién ctru dé tai nay.
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DETERMINATION OF FORMALDEHYDE BY KINETIC CATALYTIC
SPECTROPHOTOMETRIC METHOD USING THE REACTION SYSTEM
KBrO:s - RhB - HCHO IN SULFURIC ACID MEDIUM
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ABSTRACT

This article is a study on the catalytic effect of formaldehyde on the rate of the
oxidation of Rhodamine B (RhB) with potassium bromate (KBrOs) in sulfuric acid
medium (H2S504) (formaldehyde as catalyst). The reaction rate was monitored
spectrophotometrically by measuring the changes an absorbance of RhB solution at
557 nm. The effects of important parameters, such as concentration of reagents,
reaction time and temperature, were studied. This methodcan
determineformaldehyde in the range of 7,32 — 50,00 ppb with correlation coefficient
of 0,9993 and limit of detection (LOD) of 2,19 ppb. The relative standard deviations
for the determination of 15 and 45 ppb of formaldehyde were 4,34% and 3,14% (n =
3), respectively.

Keywords: formaldehyde; kinetic catalytic —method; rhodamine B;

spectrophotometry.
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