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Determination of cyanide in vitamin B, and 2—thiopheneacetic acid
drugs by ion chromatography with amperometric detector
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Abstract Objective: To establish a method for the determination of cyanide in vitamin Bs( VBg ) and
2—-thiopheneacetic acid ( 2-TPA ) drugs by ion chromatography with integrated amperometric detector. Methods:
The certain quality of VB4 was dissolved in methanol and sodium hydroxide solution, 2-TPA was dissolved in hot
sodium hydroxide solution. All the solutions were pre—treated by 0. 22 pm nylon filter membrane and a Guard
RP column. The solutions were then analyzed by IC. The chromatography column was lIonPac AS18 (250 mm x
4 mm ) and TonPac AG18 (50 mm x 4 mm ). The eluent was 20 mmol * L' NaOH with 1. 0 mL * min™' flow rate.

The amperometric detector was used. Results: With the optimum conditions, the CN™ was linear in the range
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of 0.20-10. 0 mg * ™" with correlation coefficient of 0. 999 9. The method LOD for CN”was 0. 016 4 pg+ g™, The
recoveries ranged of 92. 4%-97. 9%. Multiple VB, and 2—TPA samples were assessed. The content of cyanide was
not detected in VB¢—1. The content of CN"was 0. 823 pg+ g™ in VB2, 117. 1 pug+g'in VBe=Y1, 1. 872 pug- g™
in VB-Y2 and 118.7 pg+ g™ in 2-TPA-1. The content of cyanide was not detected in 2-TPA-2. Synthetic raw

materials and crude products contained a certain amount of cyanide; the cyanide could not be detected or was so

low in the refined products. Conclusion: By methodology verification, this method requires simple pretreatment,

has high repeatability, without pollution and with little interference. This method had been applied to assess the

content of cyanide in VB¢ and 2—-TPA.
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Akl & B, (CH,(NOSP, VB ) 1] FH T i B Fiay T
HHAEH 28 B B2 105 1AL 90 , 76 A i s g 4o A v
SR EERIR . 2- VEWY LR M85 FoIR &S R R,
JE S FUE R S 2 T A, FEA 2 YR T TH A AT
Tz W B s b ok A S A

FALYE A IR (B2 A2 R HURI R AR IE 45
) L SO, (ELE S B AR 2 TR o, T
W BT AT A AR 55 A P A £ 2 A P
Fe™ 454, I 40 B AS BE A FH 48, 2k 2458 S 1 1
L EUR B ESE T SR 2 B A R A
WY L SR, I AE S 25 TolkH %50 &
EHIFEA E T,

ALY &R E TR EEA RINR - B
W2 S AT — L s K ) 5 23 506 006 B 12 3 v
AyBrEt Bt T A A R e e
R A AR [ R B AR R H 484
2009 " F1 HJ 745-2015"" [ 75 # E SUALH i
FE T TERE IR AR H s B b R 2 E AL
B A AR A, 208 R PR L, (H 2 R AR
B, HEEARN Y& S A TR, X AR R 315
PR B 02 A B iR 9 R M
% 5 F B, B E Dk, (R 75 B RO ) 2 APl
PR IRZ RG22 K I JLAR K R R 7tk
AR O R U T 5 5O B i S
PR B 0, 38 3 I 5 2 G B ) 9 ' e o AR A A
W 7 &, (B3R A R 1 5 AL B8 o T
A —EMERE s SR AR R AR, Pk, (H T 2L
TIART A AR5, 5 R B A A Al 0 A S T AN
UCHFREN , X 2 FRIER 2 5 8 5y AT, HATAE
A3 AR Aol FH X s R 2 rm A — R s I [
24 b s A R A R S i vk sl SR A ] L -

SEICREEE B FREE M, R A, R
BRGS0 R T (0 P A B R Y = T S A Iy
ol G H B0 M | 5 R e, H AR B
B 36 [ 25 88 USP 36-NF 3170 3% FH 3 2+ i 1
kS E mALY A, Rl ek, R, 24ak
W EARAKES, LB LR 5 R T R I e . B
0 33 1 S S48 AR TR 0 b, R g v 1 T LR
i FI7 AL PR B, AT LA 2 24 9 hoR e m AR B R A

ALY RBMRAR, &5 4545 aEY
Jit HCN, H S (ERAIG, AN I8 A H R, (B H
WA 340 D e ) R A, AT R 2 B A S A . X
FIRBERE S UL Y B (T G A S SRk AR
ST RN 75 it R = VAN 78 1 ] IR e iR L4
B E A ALY K RN 0.05 pg - L7 (HA
25 R B SR ORI G IR . A YA
B, FE 2K i — e, AR T AR B H Rk 25 ) %5
fift, I SR BT TR, A 1o R 7 AR T AR
B R, o B A 20 TR e I SRR Bl
IR 5 TS T (03 22 B i DA P i Uk . %0
TR AT R EE T, R WAL B A R T A
AT AR, W ERVE A BV RNERBE OG5 , Je—Fh A
B oAb B3 T B, X VB Al 2— BEWY 2R (2
TPA ) 259 B AL I TAGI , BUAS T 4 A6 3 14
gt
1 XA
1.1 {5

Dionex 600 & F {4 i 1, BC A % 15 K I 7%,
Chromeleon 6.8 {83 T /E %% ( 3 [E Thermo Fischer 22 &) ) ;
50% S EALBAITEE (B8 Merck 23 F] )3 50mg « L7 5
PRAERESWR (il AR TEBE ) s A%

LRI S



492 -

M 4 W 22 E ChinJ Pharm Anal 2018,38(3) ‘jPA

WA L B R 18.2 MQ - CM 1 — Rk 22 55 1 /K e
il ; OnGuard RP FjALFRAE ( FIREZE55 ), 0.22 pm —IK
PRIk ( RIRFZEE ),

VBe—1.VB4—2.VB,~Y1,VB,—Y2.2-TPA-1.
2-TPA-2 FEaL 5k A TAE Al .
1.2 kst

TonPac AG18 BHESF{#H 44 ( 50 mm x 4 mm, Dionex ),
TonPac AS18 FHES T3 87148 (250 mm x 4 mm, Dionex ); &
BRI 28 5 WSIAA 20 mmol - L S SAALENAIY , 2521
WKV s Tk 1.0 mLL - min'; PR R 25 plo
1.3 HEaab

HR A 2 Fi A 25 9 I A [) 1 J5, R FH AN () 19 i
SEPETT . WERRARI— 2 B AR (29 1 g) F 10
mL S, VB, B Je i I BEA i, FmA SR
AAR RS (200 W, 40 kHz ) VA% GEZS . 2-TPA
FE B AR SR RS, R 20 min J5 €
o WA 0.22 pm )8 e IEREFT OnGuard RP Fij4h
PEREAR PRI B T3 T o
2 H#BR5iHR
2.1 ISR SR
211 @B EEE FEET lonPac ASIS Al
lonPac AS11-HC [HE bt (RS 235 - 20
Bk - ORI ZALIEER, R A B T
W) TEVHE K 1.0 mL - min™', FERE K 25 L 19 5%
PR XEAY AT . & 1T LU AR sl
FHE AR B — e, SR — o, il — e,
AR 44 F , R H TonPac AS11-HC A543k
Py (L 1-A), W TEHI R, 106 583 K, W X P 22
AIETFoHrs b, 1 lonPac AS18 4 (& 1-B ), I
B H AR, S & 56485 TonPac AS18 FEAE AT
R b
2.2 LRI AN [RAS DU T A7 X RS T AL f
HIEE %28 T ab.e.d 4 B IE B A7 R B
CN, 13 5|E 2, & 20T LIA H, R lonPac AS18
G HE, A% 20— F (1.0 mL - min™" 334, i shHH
k20 mmol - L™ &0 480 10 B 7 W, AR Ol 25 ul),
FE 4PN T, 88 B A A, S5 RFRW, R
FH d CHE 2-D ) AGI 8 T FLASE T S50 B o e i LTI
e ARG, i o (R SR R O R, T A A 2 R B
FACHIRI 2555 R A B d R FL A
%%

i

—800

-900+

-1 000 7[—\—%_/\‘_‘/¥,\,_ A

-1 100

Value (nC)

-1 200

-1 300

-1 400 T T T T T T 1
0 2 4 6 8 10 12 14
t/min

A. TonPac AST11-HC Z3#7#: ( CN™ with 1.0 mg * L by using lonPac AS11-
HC column )  B. TonPac AS18 43 ( CN” with 1.0 mg * L' by using TonPac
AS18 column )

B 1 AE@EEES 1.0mg L' CN MSHEE
Fig. 1 Effect of different columns on the analysis of 1.0 mg - L™ CN~

500 A
o w—b
i
s O B
=

> c
-500

0 2.5
t/min

A. a P JE (waveform ) B. b JE (waveform ) C. ¢ 3 JE (waveform )
D. d JJ¥ (waveform )

B 2 TonPac ASI8 HHARERMEFEL T 1.0mg - L™ CN™ H&iLE
Fig. 2 Chromatograms of different waveforms for the column of
TIonPac AS18 on the analysis of 1.0 mg - L™ CN~

2.2 ZRMEE IR Bk R RR

T 3% 254, X BT & Wk B2 0.20.,0.50., 1.0,
2.0,4.0.8.0,10.0 mg - L' A CN™ AR TR T2
DA TR AR Y X6 5 T BB VR B X (mg - L) &L, 25 21
FW] CN™7E 0.20~10.0 mg + L™ A e J3 0 Bl P4 5 R 4F
AIZETEIC R Lk M= R
Y=17.92X+0.5217 r=0.999 9

MR A 3 A% 15 M L35 CNT R i T BR Ry
1.64 pg - L7, SEBR A 2590 b CNT G R B
00164 g g,



‘jPA 5 4 KT 22 E  ChinJ Pharm Anal 2018,38(3)

- 493 -

23 AEE AR

FEEAL 1Y 3% 454 8 1.0 mg - L7 A CN™ 45
VA W 3% 25 7 R I, 25 ¢ 0 B sk () | e T AR A K
B TS CNT LR B B[] (0 1T LAY RSD 43931k
0.11%.1.7% .2.0%. 45 HRFW % F O1% 0 Hr ik
KB E R4S
2.4 FESINE SR E R

X Y o e R R s R
TELAFETIRE, 24 VBs & 2-TPA & 254 s fk
YRR I ZE R 5 T2 1, NG RART LIE 1, A et
FVH 7= S R B A — 2 1R R = b sk
YAE AR, A EE R SRR TR TR (0.016 4 pg -
g MAKH

R T B A I 45 2R, SR 2 b R 1)
Wk T R A BBl 0.01.0.03,0.08.,0.12,
0.18.0.5.1.0.2.0.6.0.10.0 mg* L™ CN™ I, 1k In]
VR IN ACHTBC ] 10% FeSO, 5 3, 5% FeCl, 5 i,
100 mmol + L' HCI 1 mL, & & 30 min, WEM LR, 24
R, HA 100 mg - L7 CN™ B A W 8L 3 £+
WG o FERE o A O, CNT Y B LR 1 s
A e B W T R A TR, R KA,
PR ISR At . XERIAE T Zak e
o T 28 A5 v, R T BRARK 5 171765 T AR R e R
i, AT ARG ZG IR i CNT A

®1 BFEEERIERFHNCN R
Tab.1 The results of CN™ in the samples by IC

Fedh b CN™ & i W CNT frie

( siiie ) (CN” amount inﬁ]samples )/ (CN amount in ;slolutions )/
(pg-g") (mg-L7")
VB,-1 <0.016 4 <0.016
VB¢-2 0.823 0.0823
VBs-Y1 117.1 5.95
VBs-Y2 1.872 0.187
2-TPA-1 118.7 6.16
2-TPA-2 <0.016 4 <0.016

R B UE R I E R P TERR B 10 519 VBe-Y1
F12-TPA-1 FE &L, 43 A — 2 S AR ER L, 75
A ) € % 25 11 00 S i Je AL B 5 o, &5 R
W2, CN i [B1 U FAE 92.4%~97.9% 2 [a] , HR Hix
2015 AERR P E 2B RLE , MIBCRAE GBI . 45
R T ORI CN, AT AL ER {5, R

F2 EBETRMAREKE (n=3)
Tab.2 Recoveries of CN™ spiked in the sample

oy o T 751 L&
" (content )/ (added)/ (found)/ (recovery)/ RSD/%
('sample ) . . o
(mg L") (mg-L") (mg-L™") %
(VB--Y1) 1026 0.6 1.601 95.8 2.9
x10 1.0 1.967 94.1 2.1
1.6 2.592 97.9 2.3
(2-TPA-1) 1.056 0.6 1.634 96.3 2.9
x10 1.0 1.980 9024 2.0
2.0 2.974 95.9 2.5

YRR vy, SRR vy, W] LA 2 SEBRAE i hsAL r
PR

TR AR TOHL B FFE LRI A5 R Hh g, 52
PR 258 VB B PR AL R i UL 3. A
P 4 ol U 0% g i T3, sUE B i g Ie &
b2 NI VA IERE

-600
-800
-1 000

-1 200

Value (nC)

-1 400

-1 600 -]

-1 800 :

10 20
t/min
B3 VBe-Y1H CN HEIEE
Fig.3 The chromatogram of CN” inVB.-Y1
3 &t

HENL B T R RV B A U N E VB, 5

2-TPA-1 25 rig Ay, 2Wae i & F el
A B IS, 220 B R RP R AL BT AR PR
JH FL A 2 R 00 5 R AT A6, 7E 0.20~10.0 mg » L7 ¥
BETL RN, 0B 1 AT RAFIIRIESC R o %07 kAT
Ak B B PR, AN 52 HAR 2% BRI, REUE
55 , R S R S 4, X SEBR VB, Rl 2-TPA-1 &
Y AL BRSNS SR 0 %07 AR
2% 5 2 1) PR A A P A I AR It T — g
F8 G 00 REL s A 7 0, x ol 25 Tl rh R B AR

AR S



<494 - P/ A TS

& Chin J Pharm Anal 2018,38(3) ‘ JPA

W LA AR K A S S (HZ et Bk
HEZ AL, e, s AR, LR RS S EIRE Y
Y i SRR I, 75 22 R RNAUE 9 S B - X U Y
AR

Sk

(1] T, I e & Jr ik bk s ke e L) 1. T R AL L,
2012,39(6 ): 114
WANG L, YIN ZJ. Research advance of cyanide determination
methods [ J ]. Guangdong Chem Ind, 2012, 39(6): 114

(2] 20,228k, M0 SUL e BRIy e i B et e [ 7 1.
2153 HTARE L 2016, 36 (12): 2075
LI Y,LI YY, XIAO DL. Progress in the application of cyanide
quantitative detection[ J ]. Chin J Pharm Anal, 2016, 36 (12 ): 2075

(3] kbl edh. SeAHER — v nblm L (o000 minnfl ) rhak B ik
PrLT ] 29545, 2014, 33 (8 ): 454
DU CQ, NIE L. Determination of cyanide in caffeine by isonicotinic acid—
pyrazolone colorimetric method[ J ]. J Pharm Res, 2014, 33 (8 ): 454

(4] THFE, T5EME, EE QWS i sh i 5 e e
L) ] P EBE A, 2014, 11: 146
WANG YC, WANG BW, WEI YX. Determinaton of cyanide in wine
by continuous flow—injection—photometry [ J . China Med Equip,
2014, 11: 146

[5] MEFE, MR XA SRR - L Z MR AR 20 K R
B [T ] prideeE, 2016,35(2): 201
TIAN YS, LI XH, LIU HJ. Determination of trace cyanide in water
by isonicotinic acid—barbituric acid polarography [ J 1. Chin J Anal
Lab, 2016, 35(2): 201

[6] MAHERNIA S, AMANLOU A, KIAEE G, et al. Determination of
hydrogen cyanide concentration in mainstream smoke of tobacco products
by polarography [ J ]. J Env Health Sci Engin, 2015, 13(1): 1

(7] S, S3CA, XMEYE. iz — AOM @G5 IE UK b o i
Py L1 ] B P Pz, 2015, 30(4): 64
NIE R, MA W], LIU JW. Determination of trace cyanide in drinking
water by headspace gas chrematography [ J ]. Bull Disease Control
Prev, 2015,30(4 ): 64

[8] Z3Car, F25. YOLBEE I E 2 HIRS th s & i wEse )
L) ] BRALKS S — v, 2000, 36 (2): 49
LI WQ, BAT Y. Study on the fluorospectrophotometry determination
of cyanide content in edible alcohol [ J ]. Phy Testing Chem Anal
Part B ( Chem Anal ), 2000, 36(2): 49

[9] BADUGU R, LAKOWICZ JR, GEDDES CD. Cyanide-sensitive
fluorescent—probes [ J ]. Dyes Pigm, 2005, 64 ( 1 ): 49

[10] LEE KS, KIM HJ, KIM GH, et al. Fluorescent chemodosimeter
for selective detection of cyanide in water[ J |. Org Lett, 2008,
10(1):49

[11] CHO DG, KIM JH, SESSLER JL. The benzyl-cyanide reaction

i

[12]

[13]

[14]

[17]
[18]

[20]

[21]

[22]

[23]

and its application to the development of a selective cyanide anion
indicator[ J J. J Am Chem Soc, 2008, 130( 36 ): 12163
CHENG C, CHEN HY, WU CS, et al. A highly sensitive and
selective cyanide detection using a gold nanoparticle-based dual
fluorescence-colorimetric sensor with a wide concentration range
[J]. Sens Actuators B: Chem, 2016, 227 283
ZHOU C, SUN M, YAN C, et al. A new colorimetric and fluorescent
chemodosimeter for fastdetection of cyanide[ J |. Sens Actuators B:
Chem, 2014, 203 (1): 382
HJ 484-2009 7K B3 4GP 19 I - 8 LI Aot ik [0S .
2009: 2
HJ 484-2009 Water Quality—Determination of Cyanide Volumetric
and Spectrophotometry Method [ S 1. 2009 2
HJ 745-2015, - Fe5AL WAL AL B 230 BE: S .
2015: 4
HJ 745-2015, Soil-Determination of Cyanide and Total Cyanide
Spectrometric Method [ S . 2015: 4
255 2015 AFR. POERES 1. 2015 BE 100
ChP 2015. Vol IV[ S ]. 2015: Appendix 100
USP 36-NF 31. Vol I1[ S ]. 2013: 1247
B BGERE , 5238, 45 B 1 3 e At aa g b o e
S S RERR ] ] 24 IRaR, 2015, 35(3): 435

QIAN M, GENG ZW, PENG M, et al. Determination of sodium ion
and salt—forming rate in ceftriaxone sodium by ion chromatography
[J 1. ChinJ Pharm Anal, 2015, 35 (3 ): 435
X, G B O E DL R AT e (T ] 259 0%
Mg, 2012, 32(1): 179
LIU Y, LI Q. Application of ion chromatography method in analysis
of antibiotics [ J J. Chin J Pharm Anal, 2012, 32(1): 179
CENGIZ MF, DURAK MZ, NILUFER S, et al. Ton chromatographic
determination of free cyanide in different classes of bottled natural
mineral water consumed in Turkey[ J ]. Intern J Food Prop, 2015,
18(4): 746
FEL, B BT ORI E TR K PR o E A
[T 3BT, 2003, 21(4): 58
WANG XQ, YANG BD. Determiantion of cyanide in waste water
with ion chromatography [ J . Environ Eng, 2003, 21 (4 ): 58
JEFRE 0GR, 55, K TP SR 2 B - S %
ML) ] BTG RS, 2009, 26(8): 719
LONG SQ, ZHONG ZJ, HUI YQ, et al. Determination of cyanide in
water by ion chromatography with direct amperometric detector[ J J.
J Environ Health, 2009, 26 (8 ): 719
BB B - AR I I H P R K i s
[J1 77Nk, 2014, 42(12): 156
LU YT. Determination of cyanide in plating waste water by ion
chromatography with electrochemical detector[ J |. Guangzhou Chem
Ind, 2014, 42(12): 156

(AT 2017 4F 12 A 21 HAEek )



