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Determination of palladium in palladium compounds
by thiourea release - automatic photometric titration

JIN Yagqiu, TAO Saixiang, FU Shimei, SUN Qi, ZHANG Hangbo, WANG Yuanyi, HE Jiao, YANG Hui
(Yunnan Precious Metals New Materials Holding Group Co. Ltd.,
Sino-Platinum Metals Testing Technology (Yunnan) Co. Ltd., Kunming 650106, China)

Abstract: After palladium in palladium-EDTA was selectively released by thiourea, EDTA equal to the
amount of palladium was analyzed by using automatic photometric titration. In this way, the determination
of palladium in palladium compounds was realized. The wavelength of determination, the amount of
thiourea, the value of end-point jump AE, the influence of coexisting ions and the conventional titration
conditions were studied systematically. The results showed that when the palladium content was in the range
of 19%~60%, the relative standard deviation (RSD, n=11) was 0.11%~0.19% with a spiked recovery rate of
99.64%~100.27%, consistent with the related standard methods. Choosing thiourea instead of
dimethylglyoxime as a releasing agent can solve the problem arising from the precipitation of
dimethylglyoxime-Pd complex on the surface of the photometric electrode, and using automatic photometric
titration can eliminate the error in judging the titration end point by the visual inspection. The automatic and
rapid determination of palladium content can be realized by adopting the method developed in this study.
Key words: analytical chemistry; complexation titration-automatic photometric titration; palladium;
thiourea release; EDTA
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I L SCHR 810 4% A ¥ 2 VA 2 A6 & 4 Hh A AT
TAHE BEVEIE « AHJ715 BIAFAE IR A E 46 1 5
PR ZE , ANURA = E R eis e, #AE
EOR T SRR K 1 8, R R SR R A AT
BT TR AR 2L,

H 36 B e A2 2T EH 3t B A i R e
WA RS e S BURE VA, AR 22 s BT AR
R, 5] AR R AL
NHANAE S, DU RO AR H A e T
EL Sk, I E SR E 4, IS A
TR EEIR I E R R SCRROTF AR T T
ZHEHTH EDTA 466 20 % B w8 e &AL A A
WERE T, RN SRS, e R
B, T ORI B A R R
b, PEERRAT T AR, KORKPFER L nl BB
& o FETFIRIRE S & m AR AR, SCER[10-117%
TRMRAVE VAR R B PR SR T T AL, (HRE
WH SR, 2 EH 0 H SR 2 & AR
1, BAE 7 R 52 2 R

AT & RS A TR, BT H AR
-EDTA F L, F A 36w e e SR EE
EDTA. ffd T 540 ZURPTIE 26 il R i
SMI e, DA AT RS T g H L i v ) 1)
)R, SEIRAE E B ) B B PR AN I E

1 SEK#E

1.1 AR ARG

T7 24 A 3 AL E A (KR ) -FE 8] 22 ); DP5 Y
JEEEHA; pH MMk HZNERESE: 20 mL HEE

k(20 g/L); & —f&VY £ —4M(Na;EDTA)
7(0.02 mol/L); A AMANEIR(100 g/L); —H &
WIRQ2 gL); LFR- LR W (pHS.8): 500 mL
100 g To/K LB 10mL VK 2R 1.0000 mg/mL
BOBR HE VA T IR A0 SR I AR e B IR A FD)s B
Fr e € 7 7(0.008 mol/L): FREXL 1.05 g & J@ %% (i
EEA/NT 99.99%), BT 150 mL HEft A, i 10
mL FEERETR(1+3), 5 BRI, (KRS 5E 4
Wi, 7K EZS 4 2000 mL.

BRAEF AU, A EARFI AT Al, S
RKAEBETFIK.
1.2 SERHEE
1.2.1 &

FEHX 15.00 mL 4EARTEAE, BT 250 mL bedf

o MIA 2 mL SR, REZEZIE T, TIA
120 mL 7K. 10 mL EDTA ¥, KM B+ Hahi
EE L, HACEBEMOHEEK N 590 nm), pH H
W WEESE. WNSE, RERT, 25K
AN 0.25 mL — FEEER, A 10 mL
LIR-CIRENE W, AN 2 pH H ik T
TN 5.8, FHBE bR 1T 72 VA 78 2 AR R B KR
PR | 4 ni, RIS, N 5 mL BRIRIER
PibE 30 s, FHEEbRHER 2 W0 € AR IR AR
RN 2 455, BT BRRHER 40%.
1.2.2 BEFRHE 8 VAR
FEH =43 15.00 mL #EARVEA W, 23 E T 250
mL M F . AN 2 mL SACENE R, REARIT
F, SO 120mL 7K, 10 mLEDTA ¥, LA TF#AE
A 1.2.1 WP AV pT I R B AR 1 2
T ARRR R 22 (A N 0.05 mL, U F(E.
B BRI N 52 VAR ) S A FE LR (1)
c=(co V1x103)/(106.42- V3) (1)
A o MR bR T VTR S BRI
mol/mL; co NFE AR HES I, mg/mL; V)
NFE R BRI AR AR, mL; Vs obs i T ke
(R T T S VST AR R (B 2 28 SR F), mLs
106.42 J94E I BE/R BT, g/mol.
1.2.3 &0 H
¥ Q)T EAL R BT E 73 3 w(Pd):
w(Pd)y=(c* V3 Vsx106.42x100%)/(mo Va) ~ (2)
A o MR bR T VT S PR IR
mol/mL; V3 AR A EAEF, mL; Vi N5 BGAM
MIRFR, mLs Vs i e S BT T FE R B br itk 17 2 1
WRIAFAES 2 Z 5K FY), mL; 106.42 AL EE R
i, g/mol; mo NIXEHIE, g

2 ZR5WR

2.1 BT AR R % R
HERFLEENELSE, — WA EDTA B
Bk, EDTA IR EEMSE A 0T B ik LM
Jiik. EDTA RSPl S4B 744, R EDTA
WHe 5 KA SRS T RIRER %S, HINE
Pl EDTA B4 52758 EDTA IR {7 52 7 ik £ 1
EwZE. BENHEEE2EE AL &1 EDTA
e EDTA 5HUE TR E), FIMAFL TR
FIHTH PA-EDTA Z5-& 98+, S T 5 A
Rl s, HeEsERit EDTA, Eide & e
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H 1 EDTA M54 & &, orvkiEsme, it
e e, S TH-EDTA %&bt HikAa T —
i+ Bilk. KSCN. Mthe. WRHEREN. shRENEE,
BEBRAT 5. Bilk. AR RF R 6 Rk
X 8 2% s B AR 4K B B IR 2 ri e IR R T
WFFE LR, H e T f5 4048 BT R EARITE
EAS FH G B F AT B 7 B 5 M 00 S 2% s ) 0
TR IIR S HE T R A KA R B, AN S e FE
Mo IEPEBRAR AT H AL A7) o
2.2 LR REEE

AT P P AR 8 2 4 AR5 I A AR RSO o S
FIRE S AR A0 27 ORI 2 H I v ) AR AL
SRR ISR FE AR, kI A A (S T AT
iy, LB EASNESE. BT ERIEE K
WA 5204 555, 590, 620, 660 nm FLANKARYAL,
W IR SEE 7k, AR AR RIS AL,
FHIFALE 10.00 mg HEAT SRS, 0B 8RS R K
R ERNE 1. HE 1A, JefEEREK
A 590 nm B, 55 1. 5 2 &N RERECOR, SN
X5 22-0.04%~ +0.12% . 376 B AR % K 590 nm.

R 1 R KT

Tab.1 Effect of the photometric electrode wavelength

AE/mV

P /mm WA & /mg
WIAR  B2AR
520 159, 154 135, 130 10.002, 10.007
555 120, 126 108, 110 9.992,10.014
590 182, 180 161,157 9.996, 10.012
620 33,37 / /
660 10, 13 / /

2.3 B FIHERW

FEHL 15.00 mg HUARAETR TR, 2 BN R AR
MR, $a e PRI T A, SR WK 2. H
R 2T, IINBIFER I RS SRR HRAE
WLE2 3 I 8 IR AR A, N 4R 7R 711 FH ek
IR AL, E T LRI TR, W
IR ZEFR 7R B IE 0.35 mL B AN 5 ) 590 44
IIIAFGRFIE N =0.15mL i, TEREM RS 1 &
RFIER 2 2 fURER AE H#R T 100 mV, AEAH X%
F(RE)HN-0.29% ~ +0.25%. PIAEALE 77 5 B 4L %,
Ao s s —, D R S s =, 1T
A2 IR R, BT R RFIA R R
0.25 mL,

K2 A HERmM
Tab.2 Effect of the indicator dosage

Hhritl AE/mV ST
Rl g5 g motn QRN fimg 10
I

005 37,32 17,20 B%?Eé;fg / /
on s an ey U9
0.15 140,146 115,117 ﬁﬁg 111-'995773’ -_%'21%
025 180,175 160, 167 %2%%* a%%g% fﬁ;g%
035 197,190 172,175 %22 1155%322 :%2116
050 220,218 201,198 %ﬁg 11‘;-'%9317’ ;069265’

2.4 ZrERAERW

FEHL 15.00 mg £EARAEW, 43 IIMAAS R4 FR
MG, Y e P RAE, SRy TR 3. i
2 3 A5, O\ 2~20 mL 22 IRV AR REAR S A A
5 pH, AIMAFE AN R 22 4-0.25%~ +0.29% . S50
KA 250 mL (B EAT BB E, T E TR I A
BB ISEITE 150 mL A4, SR 4%
s FEAEX D S AN R, BOEBIA 10
mL ZZME IR

x3 ZHERAERYW
Tab.3 Effect of the buffer solution dosage

AR E/MmML S E/mg RE/%
2.0 14.962, 14.967 -0.25, -0.22
5.0 15.012, 15.044 +0.08, +0.29
10.0 14.968, 15.012 -0.21, +0.08
15.0 15.012, 15.038 +0.08, +0.25
20.0 15.033, 15.042 +0.22, +0.28

2.5 WE pH HHIEFE

FEHX 15.00 mg FEARAEIE TR, € R o B i
SEN) pH A . BRF8RFA g, %% 7 pH5.0~
6.2 J [, I S s BB 1L B 2 KR RER AE
SR, [R5 2 & I SRR AEE & = 28 1 451
REKE, FTUARTDAWEEES 2 28 S RER AE (K
SETER ) pH {8, HE 1 & 553 pH [E3A
TREFEREME . Hie DR TIRE, 4R W
X 4 P4, HER 4 9750, 1E pH 5.0~6.2 JEFEIN, W
PR B PR A R ZE 7 -0.26%~+0.50%,  HA 7] 2% 15 5%
BK AE A AE: pH 5.0~5.4 I 55 2 & fHI5RER AE
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<100 mV, pH 5.6~6.0 B4 2 2% SUHRER AE>150

mV. I E pH=5.8,

& 4 pH HKIH W

Tab.4 Effects of pH value
pH Ei 2 /ff\‘l"ﬁ“ M40 E/mg RE/%
5.0 22,27 15.075,15.052  +0.50, +0.35
52 50, 44 15.032,15.071  +0.21,+0.47
54 89, 96 14.984, 14.993 -0.11, -0.05
5.5 114, 120 15.024,15.047  +0.16,+0.31
5.6 153, 157 14.978, 14.985 -0.15,-0.10
5.8 167,174 14.997, 15.017 -0.02, +0.11
6.0 158, 167 15.006, 14.991 +0.04, -0.06
6.2 147, 132 14.980, 14.961 -0.13,-0.26

2.8 HEHFE TR

FETF MR VU4 YS/T 1280-2018. FEEAR YS/T
929-2013. AHFRAN YS/T 931-2013 F1 — & fL4E GB/T
8185-2020 /= f ARt , RV EAKT 0.003% %1
BTV ®E. B HRL BROBR. B R &L B .
B 2. BB BuER, DLUARIR S TR R AL
2502, W SO AT IR A s AR G R
AR T IRATHEEE . B 15.00 mg AR
W o IR 76 3R AT 4 e P IR AT e
ZERFITR 6. MK 6 7T%1, 2.0 mg HIAFWN 2
(BRI A T R AT BT S 5 75 TR I R A 4T 3E %7 ik
AAAE, MR T s i) WL & T A1E
T, HUHEXT IR % H-0.23%~+0.14%.

&6 TR

2.6 BiREEFAERW

FEE 15.00 mg FEARTEVA I, INAAS FRARFR B
RIS, Foci 0 AT A, S5 5I TR 5. £ S
B, YN 0.5 mL BRSNS, RERIRE A,
IR EVIATRE, Bike T LR MY, SR
AR TR R A2 . N 1.5~10.0 mL [RR IRIE R
TASAE AR TR 2576 -0.21%~+0.43% . LR AR A
WA EN 5 mL.

R 5 HREB AR

Tab.5 Effect of the dosage of thiourea solution

T IR VA #/mL M40 & /mg RE/%

0.5 / /

1.0 12.371, 12.858 -17.53,-14.28
1.5 14.969, 14.973 -0.21,-0.18
2.0 14.940, 14.963 -0.40, -0.25
3.0 15.044, 15.003 +0.29, +0.02
5.0 15.012, 14.978 +0.08, -0.015
7.0 14.969, 14.991 -0.21, -0.06
10.0 15.022, 15.064 +0.15, +0.43

2.7 BRI A A AR R TR R

L 15.00 mg HUBRHEA I, 5 € F2 T H SO R
R WG BRI SE R I ], U di PR 280 40%6H 5K
IS T T 4EE 20s. 30s, 1 min. 5 min. 10 min.
20 min. 30 min. 60 min, 7540 R AHXT R 2 1E -
0.22%~+0.27%, ZH5RIEAR—F, KIABIRAT H AL
T FEWEE S, R RE 20 s S5 B AT 4R 4255 2 VR
T o IR EFE T NG IR+ 30s J5, B
HENEE 2 IR 5E o

Tab.6 Effect of the coexisting elements

HAFTER AN E/mg NEHE/mg RE/%
Pt(IV) 0.01 15.015,15.009  +0.10, +0.06
Ru(IID) 0.005 14.978,15.002  -0.15,+0.01
Rh(III) 0.005 15.008, 14974  +0.05,-0.17
Ir(IV) 0.005 14.987,15.011  -0.09,+0.07
Cu(ID) 2.0 14.994,14.986  -0.04,-0.09
Fe(I1I) 0.1 14.985,15.009  -0.10, +0.06
Ni(II) 2.0 15.000, 14976 +0.00, -0.16
Zn(1I) 2.0 15.010,15.015  +0.07,+0.10
Ag(D) 2.0 15.004, 15.007  +0.03, +0.05
Au(l) 0.1 14.984,14978  -0.11,-0.15
Cr(VI) 0.1 15.016,15.002  +0.11, +0.01
Cd(In 2.0 14.967,15.009  -0.22, +0.06
Pb(Il) 2.0 14.979,14.927  -0.14,-0.49
Sn(IV) 1.0 14.966,15.015  -0.23,+0.10
AI(IIT) 0.1 15.021,15.012  +0.14, +0.08
Mg(ID) 1.0 15.008,14.996  +0.05,-0.03

RE ek 15.018,15.021  +0.12,+0.14

*E: BA TIIARAS: PIV). Ru(lll). Rh(ID). Ir(IV). Au(l)$% 0.005
mg, Cu(I), Fe(IIl)« Ni(Il). Zn(I). AgI). Cr(VI). Cd(II). Sn(IV). AI(II).
Mg(I)4% 0.05 mg.

29 FIEREERR

S HIFREL 0.50 g (FEREZE 0.0001 )ik &4k
fi T 300 mL BEAR T, A EAKIEEAE S, IS
mL R, 15mL #8R, 5 BRmm, Bk b
IR MR T2V, BUR, F/K e i L e e
WEBE, B N 250 mL &, FKRBRZEZIE, 1]
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5. BRUERE LR, BT 250mL BeFH, i
2 mL SN, (RIRZARIET, %0 e DRt
PSS B, 45R R 7 Frgil. sk 7 vsn,
AL AW AR S BAE 19.59%~59.72%06, KX hRifE
MZERSD, n=11)4 0.11%~0.19%.

2.10 B s E R

PRI — € B S VIRE it IR AR TV L
WS TEAT R AL BE, R e VR R R N
FEM, B HHTIE, 4R IER 8. ik 8

AL, BEROIIAR EISCE A 99.64%~100.27%.

KT TERER
Tab.7 Precision of the method
FE i MAFE/% SFYIMEY%  RSD/%
T R DY 240 39.273, 39.307, 39.375, 39.214, 39.192, 39.205, 39.239, 39.307, 39.337, 39.328, 39.183 39.27 0.16
BEER A 47.474,47.538,47.327,47.380, 47.457,47.422, 47.357,47.314, 47.368, 47.458, 47.512, 47.42 0.15
THEREE 19.617,19.579, 19.554, 19.545, 19.658, 19.595, 19.607, 19.624, 19.567, 19.548, 19.587 19.59 0.17
& 59.727, 59.645, 59.741, 59.791, 59.642, 59.677, 59.697, 59.787, 59.841, 59.651, 59.775 59.72 0.11
IRAL AR 36.104, 35.965, 36.102, 36.024, 35.927, 35.947, 36.104, 36.025, 36.107, 35.957, 35.984 36.02 0.19
R 8 FERINEREIR
Tab.8 Recovery rate of the sample spiked
P s/ HH/mg N FRHE/mg a3 BUAF/mL WAFEEFRAE/mg EllEIA
0.10012 39.317 30.00 10.00/50 30.078, 30.045, 30.069 100.15~100.26
i R PO 24T 0.18751 73.635 20.00 15.00/100 19.950, 19.970, 19.956 99.75~99.85
0.30121 118.285 10.00 10.00/100 9.980, 10.008, 10.019 99.80~100.19
0.08012 37.993 30.00 10.00/50 29.922,29.961, 29.892 99.64~99.87
it g 0.15472 73.368 20.00 15.00/100 20.002, 20.022, 20.030 100.01~100.15
0.24571 116.516 10.00 10.00/100 10.020, 9.997, 9.987 99.87~100.20
0.20045 39.268 30.00 10.00/50 30.012,29.991, 29.952 99.84~100.04
fH R R 0.40572 79.481 20.00 15.00/100 19.950, 19.990, 19.974 99.75~99.95
0.60721 118.952 10.00 10.00/100 10.022, 9.985, 10.015 99.85~100.22
0.06012 35.904 30.00 10.00/50 29.985,29.937,29.961 99.79~99.95
ZEMAE 0.12457 74.393 20.00 15.00/100 19.994, 19.940, 20.008 99.70~100.04
0.19741 117.893 10.00 10.00/100 100.020, 10.015, 9.972 99.72~100.20
0.10571 38.077 30.00 10.00/50 30.045,30.018, 30.081 100.06~100.27
R4 0.18014 64.886 20.00 15.00/100 19.980, 19.970, 19.984 99.85~99.92
0.28971 104.354 10.00 10.00/100 9.974,10.014, 10.006 99.74~100.14
2.11 J7 kR £ 9 TELEREI (n=11)

2y A S GB/T 23276-2009, YS/T 1318.1-
2019 F1 YS/T 1121.1-2016 34T J7ikas R bb X}, 45
WE 9. mF 9 "I, =FhJ7Ekil e g BN
0.02%~0.03%, 45 HFIEA 3,

3 6
1) XA EDTA A4 &m LI ETE, AA

BN FE B AU 8 1T & EDTA A% 1 & fi(A i),
FABIRE AT HAE-EDTA P40, P e S

Tab.9 Comparison of the analytical results with those obtained

by different methods
R KiEY%  BRR% ATR% %
g 39.27 39.29 39.28 0.02
it B 4L 47.42 47.43 47.44 0.02
TR 19.59 19.58 19.60 0.02
St 59.72 59.69 59.72 0.03
IR 36.02 36.02 36.00 0.02

i EAR* A GB/T 23276-2009; 47 4n** 5958 YS/T 1318.1-2019
(YS/T 1121.1-2016).
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) EDTA R 2 (30, Mm e e 4k &
YIS &

2) HIGENENT B GRBRIRAE T = hs, gk 7
T T 2R yTiE G2 B 3% EE R AR s
WBUBLE, DAAHUERZL sz H AL s iR BT 1)
HMedie SKH B BGEERE > TN TR TAEE,
ST FE AR IESE T, Tk & SRR
BI5 AT o

3) MWE 19%~60% L &P & &, ik
AR R UEAR 2 (RSD, n=11)4 0.11%~0.19%, JiiAx[e]
KK 99.64%~100.27%. 45 5 GB/T 23276-2009,
YS/T 1318.1-2019 F1 YS/T 1121.1-2016 Wi &. HF)
T 72 V2T B S IR 2, NS (R AR 2
FEHELF RS, ST E 9 S AR k) A
FRI 5 FF R T T IR AT

SH R
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