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Simultaneous Determination of Chloride and Nitrate Ions
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Abstract: An ion chromatographic method has been established for measuring the concentrations of
chloride and nitrate ions in the palladium(Il) sulfate solution. The samples were pretreated with IC-H
cation exchange resin to eliminate the interference from Pd(II) cations. Following the gradient elution with
KOH solution at a speed of 1.0 mL/min), the two anions were detected simultaneously by the suppressed
conductivity detector and their concentrations were calculated by external standard method. Under the
optimum conditions, the linear range of the method was 0.04~1.2 pg/mL, and the limit of detection was
0.006~0.015 pg/mL. The recoveries were found to be in the range of 94.2%~112.9% with the relative
standard deviation of 2.5%~4.9%. The method could be applied to the determination of CI" and NOj;" in the
product of palladium(II) sulfate solution.
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PRAK, #REMIME, TCARREZME T, Tz
FIEAK 254, £ fh BOREERE S i T 100,

AR BT 0%, M IC-H BB ER
FRE b BRI B 7 T30, SR 7 Bl e i
FRAL TR P IR T IRIRITTE, D bR &
PR SRS

1 SEK#E

1.1 X5

Dionex 1CS-2100 & 1 4 4% (3% [E Thermo
Fisher), ACfA B SAM#E. Chromeleon 6.8 il T.
fE¥L. AERS 500 (4 mm)HE10 2% 5 B A28 . EGC
II KOH HifkFflk el & EfE; TonPac AS11-HC 43
B4 (250%4 mm); IonPac AG11-HC {R37H:(50%4
mm); FH&FA4bH/NE(Cleanert IC-H A, 1.0 mL,
Angela A7), —IRPEESHFER(S mL), 0.22 pm
RBEHIT YL RS ) s Milli-Q Al K —ARHL(E
Merck Millipore).

S T (CIFRUEE (1000 mg/L, Merck); fi
FRHR B 7 (NOS ) FRUEVA (1000 mg/L, Merck); HiliR
HL(PASOL)E (4%, SRR A R AR]); K46
RN AEK (R 18.2 MQ-cm).

1.2 UBITESH

N 30°C, KA 7~35 mmol/L KOH 7E £k 4
FEMBE, FEA 1 mL/min; KOH kPR FEREE %
# N 0~20 min, 7 mmol/L, 20.1~25 min, 35 mmol/L,
25.1~30 min, 7 mmol/L. H A4 Hfb M=,
N4 IR 100 mA, HBEFEECA 25 ul, 43T [E
30 min, ARy ST E BT
1.3 FERETALEE TV

1) HA:(0.1 mL)#)iE4k: FH 10 mL 47K 5] e
e, JHE 0.5h JE1EA .

2) WREXZY 1.2 g BRPRALIA AT 100 mL %5
B2 ORE i SE PRl e 25 R 75 AR AR MR A H0H 5D,
B LK e AR ZIE, H— IR 2 5
mL MBS BRI, A B H A,
#FEHT3mL 5, BT 2 mL Pl 0.22 pm i gk
HEREI5E o
1.4 CI'. NO5 &I & HriE TAER R ECHI

Iy AIERL 10 mL CI' NOs ket &, BT

100 mL ZEIEH, FHAUKFEREZZE, Bk
CI'. NO3 KA 100 pg/mL VR A PR HERR . 73 B
#% CI's NO3y RAVEAbrilE LAEER

2 ZR5hR

2.1 BEEWERE T E

KOH R (9% AR S 6 BH 8 7 FA) % B sf
[ RO o IR BRI Ry, AR 20 (1 £
RS AR s R AR IR, il oy HE e g
i, AERE S A2 2 (n SO SR, K
M R — AN IE . ASRIORE SR BRI S A K
ERMRIRE T, RERARE 7755 B A R B
K, AGEli. T4k i A, e LAE
R, FEATZ AR I LT, ARSCRA
BEEERPERET . MR (CT NOS) B FE 40 1
HIEJ5 (0~20 min), HINARSERATIRE, MHERERIR
FE A ] P (20.1~25 min)Pefii K, 2 J5(25.1~30
min) P A BRI BRI . B2 IR
RO, LGERE )y 7 mmol/L I, 5057 iR
R AL B B 18] 73 7€ 9 min. 21 min £ 45 . 2 FligS 1
(U TR BB LU T, o SR . IRk SN 35
mmol/L B, BRERIR & F7E 5 min N A LASE AP/t .
DR M A SRR 5 S T SRR I (R bR e vk 4%
4 7 mmol/L, WRERHRBEMLIREEH A 35 mmol/L.
2.2 FESETCE AR

H T R A VR 2 A K B AR (T B 28 (R
B 4%~14%), IFREOEHENE R A dr, TR
W ATEE A, FRIEFERTRR L. WAL TR T
HI AR/ (Cleanert 1C-H #1) 70 2 L Fr 5 U B 18
H S8R 5% B

SEHGUSAE T 5. 104 30 A1 100 mL AR ERAD VAR
I H AR SRR, e iR R TR . 4
R, AR 30 mL i, JERP AT
WEER)/NT 0.0001 g/L; #EFEEN 100 mL B, 387K
rARE T IR E D 0.00052 g/Lo Bt B 30 mL BLA K
Pl HAER, AT 8 s R b . SEBR )
Fre AR 5 mL FEAGE H ARERE, B T ALk
ANEIERS .
2.3 H X} CI's NO; Il & 45 SR i

H52 [ AN[E R 51 CI'NO3 TR A b Al I AN 1T
H FEE A 8 H H R G 1 0 7 B R
SERFET H HEERE S 2 RO ST ECRTE
98.6%~103.1% [i], HAE I H A B RE ) B
2(98.4%~102.5%)M 4, UL H HXFIE T CI.
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NO; A W AR, 308 i HAT 3R AN i 23 Hr 46 21
2.4 KE SO XHE S R

HESREVETR T CIVNOs R EEAH 24 CIVNOy
TR A FRUEF R 2> BN 10 £, 100 £%. 1000 £k
J 19 SO HE i 2 FIIR A bRk 0 5 %% SO, % CT's
NO; I SE I T-HAE . 45 Rk 1 frl.

R 1 SO X CIv NOy IS RN
Tab.1 Effect of SO,*on analysis results of CI,, NO5~

SO A Cr NOy
5% p/(ug/mL) /%  p/(ug/mL) /%
0 0.1535 0 0.1430 0
10 0.1584 +3.2 0.1425 0.3
100 0.1541 +0.4 0.1473 +3.0
1000 0.1520 -1.0 0.1458 +2.0

2 1A, 10~1000 {53 SO~ B 75t CI'y
NO; W E FZM LN, ABRHI 22 (0)IITE S% LA, 2
AAF=AEFI .

HONBRER R 5 T3 VR Vv it 23 € 3t P 2 P
1 fim. B 1AW CI'y NOy I SO R Ba I 7]
Y HIAE 9.04 21.4 Al 24.4 min £47, BT 2 A%
BARF R B2 5. CI'y NOs™ 2 18] B4 81 1) [a) A 22
12 min, 7 EARAEFE L, WHEZ A EATI, 7]
DL R B30 2

3.50F

3.001

Intensity/uS
”
e

1. Cl: 8.97

2.NO5: 21.497
) N

7§ . A— h—
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B1 CIrfll NOy {BAHRHERH(0.12 pg/mL) KIS T 1 E
Fig.1 Ion chromatograms of a mixed standard

solution of CI" and NO;™(0.12 pg/mL)

2.5 FRERIZR. HERHIR SRR

FAVR A bR v i VR CUONO TR EE 2338 0
0.04. 0.06. 0.12. 0.40. 1.2 pg/mL F %1 6 FiE &hx
HE ARV, AR SEER 264 T, T H A ERE,
DA THIARNS CI'y NOy 1R B fibr i TAE R, Pk
FHES T CI's NOy'7E 0~1.2 pg/mL HI¥R B v Bl 3 2k
RAF, RPEFICREIIN 0.9999, 1E45 FFRES N
A 0.04 pg/mL ] CI's NOy RS FRUEEW, MAE CI
FTNO; & H BR324 0.006 F10.015 pg/mL.

SPATRREL 7 43 1.2 g 24 R — B R AL VA VR RE
s FVRE S HRRR BE R BE AR Y 0 B, AR VA AR
bR ZE, Z5HRANER 2 Argl.

K2 HROTER (0=7)
Tab.2 Analytical results of samples (n=7)
F¥{E/ RSD/

T (ng/ml) %
CI 8.1,8.8,8.1,7.9,8.5,7.7, 8.6 8.2 49
NO; 12.0,11.4,11.3,11.1,11.4,11.6,11.6 11.5 2.5

FE il 5E 4B/ (ng/mL)

2.6 FEa AR E R

AR R B R A VA VB S A0 i, 40 Tl o i
BrBE S CIy NOSIKREE 0.5. 1.0 Al 3.0 1% (IARAETR
W, AR T VE AT bR W SR 0s . AR # R £
Bt oI 45 K, Inbs SR ansR 3 Frdil.

® 3 PR TR mARE R

Tab.3 Recoveries of standard additions for the two anions

. PN = WA 117 VAR =4 - VAR || & <Y
B ¥

(pg/ml)  (ug/ml)  (ng/mL) %

5.5 158 96.4

cr 10.5 10.8 22.0 106.5

32.5 472 1129

52 19.5 94.2

NO; 14.6 115 25.7 96.5

31.8 44.7 94.6

HEE 3 AI%n, 2 BRI S BRI AR B i 2 A
94.2%~112.9% 2 18], 15t B A 5 v B A 0w (1 HE
PE, TR F CI NOs HIIE
2.7 SEBREESTE

R 5 A FEHEK BB BRAL VA O AT & Ttk
0T, HARPEFRAE - AR ClL NOy™ IR
%, @RITE 4.
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Tab.4 Determination results of the practical samples /(pg/mL)
FEAR G cr NO;
I 8.2 115
2" 10.1 123
3 7.9 114
4" 6.5 7.8
5" 11.2 123

R4 GREW], BEHLIEE 5 LB IR
WORE S AR - CI Y NOy P A TCHLIA & 1 1) A7

£, HEZ14 10 pg/mL.
3 i

AHIE TR B T (0 v S 1 B R VA T 2
JRET CI's NOs & sy P, [ e . {4 1IC-H
TIRHE FACH AT A BEAE B A P I & B B S 1

K ABREEMGERE R, RN KOH ¥, A
1.0 mL/min; 061V AG I, WA AMRIE E

. CI'v NOy MBI B T4 EIEHE v 0.04~1.2
ug/mL, ZEMEAM K REII N 09999, £t RA
0.006~0.015 pg/mL, AHXFRAEMZ(RSD)N 2.5%~
4.9%, SEBRAESIIAREICR 94.2%~112.9%. 7772
s Al &, o] IR IAE W CIy NO; I %€ o

S 3CHR -

[1] ERIC S, LIANG W, MAURIZIO D S, et al. Mechanisms
of the initial steps in the Pd electro-deposition onto
Au(IIT)[J]. Electrochimica acta, 2014, 135: 594-603.
MAKSIMOV Y M, KOLYADKO E A, SHISHLOVA A V.
et al. Electrocatalytic behavior of a palladium-polyaniline
system obtained by electrodepositing palladium into a
preliminarily formed polyaniline film[J]. Russian journal
of electrochemistry, 2001, 37(8): 777-781.

HARUO O, HIDEHARU F, KAZUO T, et al. Liquid
phase oxidation of cyclo-olefins by a PdSO, heteropoly-
acid catalyst system[J]. Bulletin of the Chemical Society
of Japan, 1984, 57(7): 1908-1913.

CIHOVA M, HRUSOVSKY M. J, VOITKOB K. et al.
Catalytic oxidation of octene-1 in the presence of
palladium(II) salts and heteropolyacids[J].
kinetics and catalysis letters, 1981, 16(4): 383-386.
TRET'YAKOV V P, VOLKOVA L K, RUDAKOV E S.

Reaction

Kinetics and products of methane oxidation in the

[7]

(8]

(9]

[10]

[11]

[12]

PdSO4-H,S0,/Si0, system at 220°C[J]. Kinetics and
catalysis, 1993, 34(1): 99-102.

PACT, LA, RILR, 5. BT ik RN I E
PR S,057 . SCNAIEHRD]. 4 Hr ik =, 2009,
28(2): 42-45.

LIR Y, SHI Y L, LIANG L N, et al. Determination of
$,0:%. SCN" and organic acids in electroplating solution
by ion choromatography[J]. Chinese journal of analysis
laboratory, 2009, 28(2): 42-45.

fLiK, EXE, #ELR, & BT O E eI
WM ERETU. 2K =E, 2008, 27(11):
48-50.

KONG Y, WANG W C, HAN J N, et al. Determination of
trace chloride ion in acidic copper-plating bath by ion
chromatography[J]. Chinese journal of analysis laboratory,
2008, 27(11): 48-50.

HZK R, Th. BT OAEEAEE T B B T
IR ). BT A4, 2015, 34(6): 734-743.

LIU Y Q, YU H. Applications of ion chromatography in
analysis of ionic liquid anions and cations[J]. Journal of
instrumental analysis, 2015, 34(6): 734-743.

TKRINGE, WA, BRE, 5. BT (ik-1mi 2y f Sk
IR I G R 3 MIEHLE ). B
i 2015, 33(2): 164-168.

ZHANG L Y, FEI X D, QIU F, et al. Simultaneous
determination of three inorganic anions in food-grade
lubricating oils by ion chromatography with suppressed
Chinese of
chromatography, 2015, 33(2)' 164-168.

BT, WU, XS, BT A R T K
11 Ff 7 & (). ﬁ%ﬁﬁt%ﬁi, 2009, 28(s): 127-129.
CHEN P, GU H Y, LIU W X. Simultaneous

conductivity  detection[J]. journal

determination of eleven kinds of anions in drinking water
by ion chromatography[J]. Chinese journal of analysis
laboratory, 2009, 28(s):127-129.

L, GUKER, KW, & BT Ol UHaANE
R P R RE T 7). i, 2016, 34(4): 442-446.

JIANG X H, NI C Z, ZHU B H, et al. Determination of
fluoride insoil water extract by ion chromatography with
column-switching technique[J]. Chinese journal of
chromatography, 2016, 34(4): 442-446.

RAEE, okE, BRI, 5. 57 ilk-30l if S E
PO UL R & &), A AT, 2015, 43(11):
1749-1753.

ZHU Z Y, ZHANG Y, WANG ] H, et al. Determination of



% 4 30

SRIRIIRAEE . B E U vk ) P R R A AR B S T A R AR 65

[13]

[14]

inosine monophosphate in meat products by ion
chromatography with suppressed conductivity detection
[J]. Chinese journal of analytical chemistry, 2015, 43(11):
1749-1753.

SROTH, R T, SRRWE, S5 BT kRN I E R
AR NERY) PM10 14 FhoKIETES 701, ik
o655, 2014, 33(1): 39-42.

ZHANG Z L ,TANG G N, CAI J F, et al. Simultaneous
determination of fourteen kinds of water-soluble ions in
airborne inhalabe particulate matter PMI10 by ion
chromatography [J].
laboratory, 2014, 33(1): 39-42.

AN, TRIEEL, AR, 55 BALRE-E T OREN 2

TRERAN A () 4% 57 9 B 1-[9]. ail, 2016, 34(5): 498-501.

Chinese journal of analysis

[15]

ZHU B H, ZHANG P M, GUO W Q, et al. Determination
of anion impurities in barium carbonate by ion
chromatography with membrane treatment[J]. Chinese
journal of chromatography, 2016, 34(5): 498-501.
BAERH, WEISZ, WO, A BT -] S A
2 R R 000 2 2 e B B R 7 K TE LI S
[7. &, 2012, 30(4): 391-394.

HU Z Y, YE M L, PAN G W, et al. Simultaneous
determination of phosphorous by-products and inorganic
anions in glyphosate mother liquor by ion chromato-
graphy  with  suppressed-conductivity  detection[J].
Chinese journal 2012, 30(4):

391-394.

of chromatography,

K ok sk sk sk sk ok ok ok sk ok oskosk sk sk sk oskoskoskoskoskoskoskoskoskoskosk ok ok ok oskoskoskosk sk sk sk sk ok sk ok sk osk sk sk sk sk ok

[ L85 60 ]

[15]

[16]

[17]

[18]

[19]

ELY JAMES C, NEAL CLIVE R, JR O’NEILL JAMES
A, et al. Quantifying the platinum group elements (PGEs)
and gold in geological samples using cation exchange
pretreatment and ultrasonic nebulization inductively
coupled plasma-mass spectrometry (USN-ICP-MS)[J].
Chemical geology, 1999, 157(3/4): 219-234.

BPE, EAR, B 71T B T A IR - R
S5 TR TR I S M B R B e ). e
43#1, 2011, 31(4): 14-19.

LI D, WANG D, LI B. Determination of gold,platinum
and palladium in geological samples by inductively
coupled plasma mass spectrometry after concentration
with 717 anion exchange resin[J]. Metallurgical analysis,
2011, 31(4): 14-19.

o, BRI, SEAREE TR & - R A1 E 1L
PRFE S & A4E[T]. = FE1R 4, 2006, 35(4): 58-61.

LI R, LI C Y. Determination of Au, Pt and Pd in ore by
with active carbon of

concentration compound

sulfocarbamide and emission Yunnan
metallurgy, 2006, 35(4): 58-61.

IR, Bsw, WA, . MRS PR TR I AT
MFETTVELT]. H2ATTZ, 2009, 16(1): 181-193.

ZHAO Z, QI L, HUANG Z L, et al. The analytical

spectrum[J].

methods for determination of platinum group elements in
geological samples[J]. Earth science frontiers, 2009,
16(1): 182-193.

PNELAR, BB, BRIGR, & S5 B TR R TR

[20]

[21]

[22]

S D RV T PR o R B AEE[D]. ¥R 2T, 2015,
35(11): 8-15.

SUN H L, WANG L, CHEN H F, et al. Determination of
platinum, palladium and gold in geological samples by
inductively ~ coupled plasma  atomic  emission
spectrometry[J]. Metallurgical analysis, 2015, 35(11):
8-15.

RIZE, [EIL, JESCH],
AR B I 7 DA i
36(7): 25-33.

LIU J, YAN H L, LIAN W L, et al. Determination of gold,

& HAEY -HER G ST
SAREAE[T). ¥R 4T, 2016,

silver, platinum and palladium in geological samples by
inductively coupled plasma mass spectrometry with
sealed dissolution[J]. Metallurgical analysis, 2016, 36(7):
25-33.

TURE, FILLFL, BRibR, 55 U & B TR T
00 5E M ERAL 2R i AR (D). BRAR RS BG4k 2 i,
2016, 52(7): 834-836.

YU Y H, YAN H L, CHEN H F, et al. Determination of
Ag in geochemical samples by inductively coupled
plasma-mass spectrometry[J]. Physical testing and
chemical analysis part B: chemical analysis, 2016, 52(7):
834-836.

PARENT M, VANHOE H, MOENS L, et al. Investigation
of HfO" interference in the determination of platinum in a

catalytic converter (cordierite) by inductively coupled

plasma mass spectrometry[J]. Talanta, 1997, 44: 221-230.



