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Evaluation of Uncertainty for Palladium Content in
Palladium Compounds by Complexometric Titration
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Abstract: The uncertainty for complexometric titration of EDTA to determine the palladium contents in
palladium compounds was evaluated, and the expanded uncertainties were calculated. Results indicated
that the expanded uncertainties are 0.30%, 0.26%, 0.24%, 0.10% and 0.03% for palladium contents of
59.59% (PdCl,), 47.73% (Pd(OAc),), 42.46% (Pd(NH;)4Cl,), 17.64% (Pd(NOs), solution) and 4.01%
(PdSO, solution) in palladium compounds, respectively. The uncertainty mainly came from the end

judgment and calibration process.
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1.1 UBRE. FERERIREDR

RF: 0~40 g, /N5 EME 0.00001 g, KA
YRR 22 440.00005 g; HLIEMCE: A % 25mL, 7t
#+0.04 mL; WEE: A2 10 mL, f%+0.020 mL;
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ZHE: 100mL, AZ, LZEF0.10mL; mais:
©p¢>99.99%.
1.2 EBHE

F2 1 RREURE i CR b S BCR 22, VS HORE T A
FHFREREE), 1 10 mL SEERAN SmL 5 ERIA AR,
JEAT 100 mL A &EHEH, 77H 10 mL, 4&hRiETr
PO AT AN, A RR R 2 TR R VAV
(e S PARGNE S-S

K1 FmREE
Tab.1 Weight for samples

e /% FRIE /g
Al 59.59 0.20202, 0.20204
it R £ 47.73 0.20023, 0.20021

&4 42.46 0.20716, 0.20720
THBRAEIE TR 17.64 0.50098, 0.50100
TRER AN VA 4.01 1.52172, 1.52176

2 AR EIRIE

2.1 HEREE

T Z B HT H-EDTA 4% A i v
&Y E, FEZET A ER EDTA %4
R HAN B F, N R- RN,
TP AETER77, (E pH~5.8 FISEhr v & B i &
it B EDTA, I =Wz —EESH 5% A1
EDTA, F =& F R I 2 5400,
DUEE R 71 1% o VA VI o A

2.2 HEEHER
BEbET A W e TR A AN
c=— Xl (1)

(V, -V,)x106.42
KH, e NEEFRHER E BRI L R, mol/L;
co NHBRAETE R R, mg/mL; Vo N2 5K
5 P T FE I B bR AR 8 VR AR AR, mLs vy AR
HUFRUETETAARL, mL; V, b e i BTiE FE R B AR
TR EVETARL, mL; 106.42 NHLHBE R i &,
g/mol.
HEETREARN:
ex(V3-Vo)xVy x106.42x1073 y
moVs

K)H, ¢ NEEFRHER E BRI L R, mol/L;
Vs R 8 R, BT AR BB T 8 TR AR
B mLs Vo RBE AR, 100 mLs Vs 50 EGR

Pd(%) = 100 (2)

WAREL, 10.00 mL: mo HEVRHIBTE, g:
R IR, g/mols
2.3 FHHE BRIE T

WRHESLIR T TR R,
BB BN S A B AN E BERUEAE 10 77 1 - BEbR T
TEIRI L RIREE ¢ I B u(c)s MEEEME
u(r); BTN E u(g)s € AT
FERVEERR AT VTR Vs BIATRESE u(V3); 2
1 S0 I V8 A B BE bR AR 8 W UARR 1V A E
FE u(Vo)s WIBUEAERTR Vy BIATREE u(Vs); 7 BUA
TEARTR Vs BIAH 2 E u(Vs); ORI & mo A E
BE u(mo)s WURESI NN € S u(q)s 2855 4151 N
(RIANEF E B u(z)

106.42

3 e EHIVEE

3.1 EEFRUETR R B WBIRE ¢ IAHRERE u(c)
H(D)H': ¢p=1.000 mg/mL, ;=10 mL, ;=0 mL,
V,=18.79 mL, #5153 ¢=0.0050009 mol/L. M (1)
AT ¢ WA B R YR TR PR UE VA IR S co HEHR
TEVE RS AR AR 7y 003 e A VR VA TP T FE R B
B E ISR AR 1V, 4L 3 MR
3001 HERRHEE IR co BIANEHE B u(co)
BRI . FREX 0.10000 g r=y2hige, A
10 mL R FIRSERIE A TR (3: 1) VAR, 2T 100 mL
BEM, HAWCEHUT 3 ANERAEK:
31101 ARAL RS AN E B u(co-1)
E AR (wpg >99.99%), LA,

1-0.9999
u(co-1)= =0.0000577 (3)
’ NE
0.0000577
Ugel(co—1)=————=0.00577% 4
(== oo 6 )

3.1.1.2 A EAR B AN E L u(co-2)
K2 B RR i 720, FREGAFER m s=m s—m x.
1) AEERIE S ERE m o OPREANTEE u(m »)
@O KV H KL ££0.00005 g, Y5150,
k=3, AHEREN:
0.00005
u(m p=1)= N
@ mEESMH., ARPFESHREm 10K,
FREHHE 2 3 e 4.59025. 4.59025. 4.59026 .
4.59024. 4.59028. 4.59025. 4.59022. 4.59026.
4.59025.4.59024 g. 13 EIFREMIFREN 2 s=0.00002 g,
AN E FE

=0.0000289 g (5)
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u(m ,@~—2)=—0'0\(/)§02 =0.0000115 g 6)
@ HLA LA m o FIAREATEE u(m 2) -
u(m w)= \/uz (m,-1)+u’(m,-2)
=40.0000289* +0.0000115
=0.0000311 g
2) BERFTE m o IAREATE L u(m )
m g=m i, u(m g)=u(m x)=0.0000311 g.
3) AHhEE AL
B 1)\ 2) A BofS 2] m 2l 8RR = A E FE u(co-2)-
u(co-2)=u(m w)=\Ju’(m,)+u’ (m,)
=+/0.0000311* +0.0000311°

0

=0.0000440 g (8)
FHXS AN 72 J -
Urei(Co-2)=0.0000440/0.10000=0.0440%  (9)

3.1.1.3 ARV WUE B AR BIANIAE BE u(co-3)
E A R G EAAE 100 mL KR vV R, H
ANHE FE R 3 7T
1) ZBEIMIAFREATEE u(V-1)
A 24100 mL A &KL %+0.10 mL, =57
i, k=6,
u(V-1)=% =0.04082 mL
2) AEMAHE R AT E w(V-2)
F 100 mL & EE EHUKER 10 K, IR
BN, BRI 9(mL): 99.98, 99.97,
100.02, 99.95, 99.94, 100.01, 99.98, 99.95, 99.96,
99.94. THHEHE GG RbRHE R Z s=0.02789 mL,
BIE1 A, AHE N
0.02789
V3
3) RS AN E B w(V-3)
SIS IR A 2044°C Z 1A A8 Ak, 19500 A
I=~3 BRI REON 2.1x10™Y°C, A E N
u(r-3)= 00X AX2 X107 hagsn mL (12)

J3

(10)

u(V-2)= = 0.01610 mL

(11)

4) A E FERIA R
A EEIR 1)~3) AN E BE A &, 19 BRI R
EREAV bR HEARTE R, MAERDA u(co-3)-
u(co-3)=u(V)
=Ju (V- +u’ V2)+u’ (V-3)
= 0.04082* +0.01610° + 0.04850°
=0.06540 mL (13)

&
AR AN € P -
0.06540

Urei(Co-3)= =0.0654% (14)

3.1.1.4 HEAREVE TR L co AN E B 6 A
urei(co)=Ju’, (c,-1) +u’, (¢,-2) +u’, (c, -3)
=+/0.0000577* +0.000440° + 0.000654°
=0.0790% (15)
3.1.2 FUBRHEVE RS DUARRR vy I E B (V)
FE HUARARE IR R AR V=10 mL o FAH 2
H 3 AN
1) BB RFRB AR E FE u(Vy-1)
A 2% 10 mL BE I 02 8+0.020 mL, —ff
G346, k=6, AHHEEN:
u(V1-1)=%=0.00816 mL
2) B E AT E S AT u(V)-2)
10 mL B EEBRUKIE 10 Ik, FHERR
FIRFONF, BdE 508 (mL) : 9.9985. 9.9983.
9.9977. 9.9973. 9.9986. 9.9965. 9.9985. 9.9964.
9.9974. 9.9988. I HIFREMZ s=0.00088 mL,
BB A, ANE N
0.00088
NE)
3) W ERAAN EE u(Vy-3)
[ 3.1.1.3 %5 3) Ti:
10x4x2.1x10*

J3

(16)

u(V,-2)= =0.00051mL  (17)

u(V1-3)= =0.00485 mL  (18)

4) T FE A Ak
BRI 1)y~3) AN P 4R, 75 B HE bR A
BIUARTR V) (AT AN B 2
u(Vy=\Ju’ (V-1 +u’ (V,-2) +u’ (V,-3)
=40.00816> +0.00051* + 0.00485’

=0.00951 mL (19)
AT AN 2 N -
Urei(V1)=0.00951/10=0.0951%  (20)

3.1.3 i o B VA Y FIT Y RE 1D R v R S YA VR )
PRFR 7, BIAH E FE u(V>)

T T R VA VP T R R A T R T VP
BIFL V=18.79 mL. HAHEEH 4 MR RA K.
1) T2 ERFRRHEARH E TE u(Vs-1)

A 2 25 mL ¥ € B B f 2 N+0.04 mL, — 5
i, k=6, THIEEER:

u(Vz—l):% = 0.01633 mL

21
NG 21)
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2) AR E T A E T w(V-2)

F 25 mL i@ E HAHK 20 mL, 10 %, IR
HIREONER, ARS8 19.9945. 19.9878.
19.9848. 19.9922. 19.9881. 19.9857. 19.9867.
19.9921. 20.0028. 19.9913 mL. Fr#kf % s=0.00534
mL, ¥5)040, AHEERN:

0.00534

3

u(V,-2)= =0.00308 mL (22)

3) TSI u(V2-3)

[ 3.1.1.3 25 3) Ti:
18.79x4x2.1x10"
V3

4) FRaE BERRET I E R w(V,-4)

PATHRE 8 I HUbRHEVA W, P3P FE I EE bR
HERE A : 18.79 mL, il ZE s 79 0.00756 mL,
AN 58 E R

u(Vo-4)=

u(Vo-3)= =0.00911 mL (23)

0.00756

N3

=0.00267 mL  (24)

5) A E FERA R
AR 1)~) AN 5E B4y 5, 49 B0 1 AR 1
VR TH FE OB bR S VS TR AR 1y HIARTEAS
i B
u(V2)=~/0.01633 +0.00308 +0.00911* + 0.00267>
=0.01914 mL (25)
AR AN 2 N -
ure(V2)=0.01914/18.79=0.1019%  (26)
3.1.4 FEARAETE E IS TR IE o HIANHA 2 JE A Ik
1 3.1.1~3.1.3 & AR AET 2 TR ¢ A
XA € FE -
()= 12, (c,) + 12, (V) + 1, (V)
=4/0.000790° +0.000951* +0.001019"
=0.1602% (27)
u(¢)=0.1602%x0.0050009= 0.0000080 mol/L  (28)
32 HEREENEEREASHEE u@)
LSO, fEEEMAMET, SFE—F
mnEAT 10 CPATINE, ME R A 59.60%-
59.61%- 59.58%- 59.57%- 59.60%- 59.59%- 59.59%.
59.61%-+ 59.58%- 59.57%, W FHAMEH A 59.59%,
MEARAERZE s = 0.01491%. £ H & o, 8HE
FRECEREUA 03 i g AT I &, Rk, HEEMESIA
AN 8 N

0.01491

u(r)= ﬁ

=0.01054% (29)

TGRS e s T AL A Y A A S BV 63
AHXF AN 5 JE
Urei(r)=0.01054/59.59=0.0177% (30)

3.3 WEAREIIARWATERE u(g)

FE e R PR L TR A SR
A1 EDTA, M Eses. H=aF AR
Fe O TR AETE, RS R, L&k
HUONG, 23 BHIFREL 0.20202, 0.20204 g FES, B
T 100 mL F&M+, 4rH 10 mL, =) 75
9 12038, 12040 pg, e e mRs =
SRR — L 2 RS AT AT, K
e BBk, EAT 10 mL HEMT, KA
ICP-AES V5 FAT I ¥ 2 Ik, AR A 5 20
(X)3.11+ 2.95 pg, FEAEICRA:

Pd(%)=100% (X~2)/2
A AR N Pdpax=99.975%, Pduin=99.974%, -
PIME Pdee=99.974%. b;=Pd—100% =-0.025%;
b=100%Pd i, =0.026%, i & ILFE 51 N HIFRAEAH
EJEN:

u(g)=[( bs+ b.)*/4]"*=0.00050% (31)
HOME X ANH S A
urei(g)= 0.0005% (32)
3.4 RTINS e BRI EER Vs
FIATEE u(Vs)

T 52 1 VR YV R B A U R S VR A R 1,
FIbREATEE S 3.1.3 #HIE, 4 0.01914 mL. “F
T 2 WL W EANEREE N

u(V3)——2———O.01353mL (33)

DL SR A3 5 VR T T R AR B bR T S VA R

KIS AR 13=22.62 mL A, HARGHASHG E JE M-

Ure(V3)=0.01353/22.62=0.0598% (34)
3.5 Z=ESLRFTEFR SRR E B 1,
HIAHE R u(Vy)

BE [ R s 3 S2 5, 15 8)V0=0 mL. KUk,
Vo3| S I ANEA 52 FE W] LA o
3.6 RBEEIR Vy KIAHIERE u(Vy)

u(Vay=u(co-3)= 0.06540 mL (35)
AT AN 2 N -
Urei(Va)= 0.0654% (36)

3.7 AEURBEHAETR Vs IR EE u(Vs)

S3HL 10 mL AR, w(Vs)bRUEANH 5 5 A0 bR v
RS BUAF u(V)M 2, u(Vs)=u(V1)=0.00951 mL,
Urel(Vs) =0.0951%.



64 -

37 %

3.8 WEHIBE mo WIAHEE u(m)

mo N 2 IRMRE, ARAEANHE FE N
u(c,-2) _

7 0.00003 g (37)

DL SRR 2 YRFR BT 25 mo A 0.20203 g A,
FHXE AN 32 A«

Urei(m)=0.00003/0.20203= 0.0148% (38)
3.9 BUFESIAKIAHERE uq)

M ARFE i T8 RS G BEALEURE, AT UARRE Y
5), VEIRESh E B350, DRUREUREAS i i B 1] 20
3.10 L SAWSIANKNAHEE u(z)

RN, T I AR A T 2 SRR AN B o P
234 0.03 mL; - SALATE BRI FE I B bR v
T TE AT AR AR 15=22.62 mL, H AR ASH 2 BE A -

Uret(2)=0.03/22.62=0.1326% (39)

u(mo)=

R 2 RIVBAAYIN B2 EE

3.1 ERAREATEE uPHNT BAFHEE U
B AR AN 2 BE u(PA)RITHE AN
Urei(Pd)= 2, () (40)
MRPE 3.1~3.10 FUEME, TH5 H e &b A
(1) AT ANE 58 FE N -
1rel(PA)=(0.1602%+0.0177%+0.0005%+0.0598%"+
0.0654%+0.0951%+0.0148%+0.1326%") "

=0.246% (41)
FEG AR BN 59.59%, FRAEASHRE L N:
u(Pd)=59.59%x0.246%=0.147% (42)
W k=2, ¥ RAEEN:
U=2xu(Pd)=2x0.147%=0.30% (43)

R T N E B A . SN AR
BV VBN RR R S V0L, AT I AN E B BV
BRI T3 2.

Tab.2 The uncertaity values in determination results of palladium compounds

TS SPZA E AN E
R A R . Wﬁﬂ% X AHE  TEE A E
E§1E U; E‘E uirel/% E ':F‘ E"J Hﬁﬁﬂ/%
& 29.34
u(c) (BERRIER I gﬁi‘% E&Qﬂi 0.005009 0.0000080 27.02
BB T%\lﬂg{éﬁ mol/L mol/L 0.1602 26.14
SRPRRS) YRRV 26.64
TRRAL AT 2243
& 59.59% 0.01054% 0.0177 3.24
BE R AR 47.73% 0.00693% 0.0145 2.45
u(r) (WEEE M) TRDIEAR 42.46% 0.00581% 0.0137 2.24
TS ERAR VAR 17.64% 0.00213% 0.0121 2.01
TR ERAR VAR 4.01% 0.00043% 0.0107 1.50
AR 3.03 ug 0.00050% 0.0005 0.09
u(g) (R A L E&Hz‘é%ﬁ 3.06 ug 0.00050% 0.0005 0.08
. ZEIEE 2.92 g 0.00050% 0.0005 0.08
AN 3 ) TH BRI 2.95 ug 0.00050% 0.0005 0.08
TR AN VA 2.62 ug 0.00100% 0.0010 0.14
o A 22.62mL 0.0598 10.95
u(V3) (I 52 i it R 4 17.96 mL 0.0753 12.70
iR(ER k=2 i TR DA 16.53 mL 0.01353 mL 0.0819 13.36
S LRI THER AT 16.61 mL 0.0815 13.55
TR RAL A T 11.46 mL 0.1181 16.53
& 11.98
T 0 11.30
u(Vy) G R AR AR 100 mL 0.06540 mL 0.0654 10.67
THRR A I 10.87
TR RAL VA T 9.16
e 17.41
P R 16.04
u(Vs) (5 B4R —EEsR 10.00 mL 0.00951 mL 0.0951 15.52
THER LTS W 15.81
T FR AL S W 13.31
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%23 2 (Tab.2 continued)
, , FrRUEAT FXIAE AR A A E
AN FE 5y BT H =15 N
/_\E):E'TE Uu; E{E uirel/% Fy‘j:‘qj B,:] H:'WIJ/%
AR 0.20203 g 0.0148 2.71
BSR4 0.20022 g 0.0150 2.53
u(mo) (IREHT &) A 0.20718 g 0.00003 g 0.0145 2.37
TR AT VA 0.50099 g 0.0060 1.00
TR AN VAT 1.52174 g 0.0020 0.28
& 22.62 mL 0.1326 24.28
BE TR AL 17.96 mL 0.1670 28.16
u(z) (2 SR BN BIASH E BF) R 16.53 mL 0.03 mL 0.1815 29.62
ViEti dsubadid 16.61 mL 0.1806 30.03
BRERAE IR 11.46 mL 0.2618 36.65
A 59.59% 0.147% 0.246 Uy=2=0.30%
BRI 47.73% 0.129% 0.270 Ug=2=0.26%
u(Pd) (& BbRHEA T 2 J5) AU 42.46% 0.119% 0.281 Ug=2=0.24%
TH R AL 17.64% 0.049% 0.280 Uu=2=0.10%
il BR HL R 4.01% 0.014% 0.349 Uu=2=0.03%
H2R 2 BamT W, 7EANH 8 FE R, Bbs of lead in crud lead by volumetric dilatation of EDTA[J].
HE 2 I SCBRIRIE ¢ IR IE u(e)s 2 A3 Gansu metallurgy, 2013, 35(1): 75-77.
Wi S| NI E TS u@) W AT E BTk R, FEM [2]1  9KE. EDTA 28l Bl Ak il A 5 20
ANy R JEE TR R LE B 2 3k B 22.43%0~29.34% P11 AR46T, 2012, 39(2): 182-183.
24.28%~36.65%. 1E IZFRill5E HAF N X X S 15 H ZHANG L. Uncertainty evaluation of total iron content in
I CABE 47 4 il iron ore by EDTA volumetric method[J]. Guangdong
chemical industry, 2012, 39(2): 182-183.
4 4w (3] XI3c, ZEfeh, 258, S BMR T4k b 0 2 v 0 s

RSO 32 120 AR A A P A
FIANH S FEIEAT T VP - 405 BN 59.59%47.73%
42.46%17.64%H14.01%H] 5 P &0 — FAAE.
BERRAR .. —SDYZUE . AHPRAL I R IR R A )
ME g5 R A E A 0.30% 0.26%-
0.24%-+ 0.10%411 0.03%.

FH AN 5 53 R B AN 2 5 HR T B o0 A
AT, AN 2 BRI T 2 P TR s 11 1R o
Wb E, HEM. BRERE -2, K
ICAEM E AR, Semillial N 52 28 SCHI W e 70 Bobn
SERT, SRR RS % 3RS 28 A AT BRI 5 45
AHRESE, (RIS B
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