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Two different phenomena and mechanisms of
PdCli” in some chemical reactions

CHEN Jing
(School of Chemistry and M aterial Engineering, Yunnan University, Kunming 650091, China)

Abstract: Two different experimental phenomena on PdCli™ in some chemical reactions, for example, Na»S depo-
sition, Cu cementation, solvent extraction and ion exchange were observed, which lies on the ways of reactant
blending and the HCI concentration. Those different phenomena suggest that two different mechanisms occur during
the reactions. The results show that PACIi" have the lowest thermodynamics stability and the highest kinetics activi-

ty in all six platinum group metal chloride complexes, which results in PACIi" easily to be hydrated and different

complex ions presenting in the solution, therefore PAdCIi™ reacts according to different reaction mechanisms.
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f) HoPdCle ¥R I, AR R 7RI DRI RES, Rl
H NaoS B, H— " MRE TR B RN
gt YT R R, & TR . W IE
ST, Pd S BEEHRERE ST FRE T (<
0.0003 g/L) . M Jx NV A % R B my, B AE
H2PdCls ¥ 1 SRR BEIA B 6 mol/ L, YLVE)
PO TR, T HRARE] HoS A R . SOV & S
FEM Na2S 5 HoPdCls EE/REEN 10 1, BRI R
I B DLSEHE S — i 2 4 HoPdCL IR E A =5
Mromid( B 1) . 24244 PdS EAUG, BHIMAKED
HH NaoS I, BOJHEASTIH NaoS WRAE .

WHERA K NaxS W R HoPdCls H1, 1052
¥ HoPdCLl SWBERE I 2 KB & ) Nax S W
L, AS IR AT, KB F MM 1 h JE,
PAF I REROE PR AR WS, RV TR S
AN =PRI SLRILRIIAK 2. PiFp
RN ING BARME R KA T BAPAS[F NATLEE

1. 2 Pd( 1T) SUHC S 75 A B4 SN A (0 Fof e 12
e 3
AR e [l 4 s S A B AR 1 30 )

I, ILEE Pd( 1) B SRR BN E], IR T
PR R R BT

SEE 7K BUEUE 1 mm, d20 mm ISR A
—H, VAL, R DY SB[ 5 7 H ek 5 A
AR AN S PR R DU SR 2l b, N B B . R
2% I BRI AL, AN 150 mL, FHRS % e i A
BAGIR KR AE (50 £0.2) C. &FRELK T E 10
mL £EIKEE A 0. 010 mol/ L I £ T 20 4MT F 4t
T, HAPERERNE S FIRERER 100 mL ##F
oL NI N 28, TRNTTA B 0908 1 88 J5 TF 46 e % )
I, P T R L 2 mL RN, /NI SFIEN
10 mL ZEIEH, NOPEE IR 4R R R A
HZIEE, A BT BRI B SR B . SRt
HT EHRWE | B A TR SR I
I

4 HoPdCls ¥ SR 0. 01 mol/ L,
B pH =2 B, H1R NG SRR 2E, 1 min PYH IR
RAT R, R, RREAARIEY .5 min FEER
AR A4, WIRARTE S . 10 min I N 584, W
WO P85 4 AT AR, Pd WKBE< 0.0003 ¢/ L, £t
B, BN T Ca Y BEIR £ 5 B H Pd ) BE R

F1 AFAREEHT NaoS JLiE Pd( 1) B4R
Table 1 Results of precipitating Pd( II) in different acidity solutions by Na»S

Pd concentration

No Volume/ Pd concentrflﬁlon/ Sol'uthlon pH af.ter NazS volume/ c( NazS)ﬁ/1 o palBnatel n(Pd) : n(S)
mL (mole L™ %) acidity reaction mL (mole* L™ 1) (g* L~ 1)
1 20 0.0116 6 mol/L HCI ~0 1.30 0.2 < 0.0003 ~1:1
2 20 0.0116 I mol/L HCI1 ~0 1.30 0.2 < 0.0003 ~1:1
3 20 0.0116 pH 0.51 0.52 1.30 0.2 < 0.0003 ~1:1
4 20 0.0116 pH 1.05 1.31 1.30 0.2 < 0.0003 ~1:1
5 20 0.0116 pH 2.07 2.58 1.30 0.2 < 0.0003 ~1:1
100 mg NaCl was added into each sample to restrain hydration reaction of PdCl7
®2 WAERRMNANES T AERIAE

Table 2 Experimental phenomenan of different ways of blending reactants
Pd Na2S Na2S
quantity/  concentration/  volume/ Ways of blending Experimental phenomenon
mg (mol* L™ 1) mL
The 0. 4 mL soluti i i h
¢0. 4m .Nazs solution is added into the T he black PdS precipitation is indissol-
H2PdCls solution, and then the rest Na2S solu- . .
24.7 2.0 50 T . uble, and the upper solution is clear
tion is added after the PdS deposited completely. atdl olailan
The admixture is heated in boiling water for 1 h. ’
All the H2PdCls solution is rapidly added into N " itation is ob d and the so-
24.7 2.0 50 Na2S solution and the admixture is heated in 9 precipEation: 18 bhserves ang Hietso

boiling water for 1 h.

lution is brown and clear.
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Bk,

MERRIKEE R 5.0 mol/ L B, iy N G %
o WA KL, W — S, OB A,
B 4% B4 B 7 AR Ho A0, 240 min B A &
BT Pd FIEHR D 66% . Cu [y B Pd B
G BAKE, AL, BHRdED, BWRA Pd
Cu WL B S BB T3 3, AR Eh R B2 i
€ R BEHS) Eigean &l 1 pos .

#3 5.0mol/L HClH Cu B # Pd( II) ISLH 45 R

Table 3 Results of Cu cementation of

Pd( II) in 5.0 mol/L HCI solutions

Time/ Quantity of  Quantity of Cementation Al G
me Pd reduced/ Cu dissolved/ rate (1) / o S
min An( Pd)

mol mol %
10 0. 000 6 0.003 1 6.2 5.2
20 0.0012 0.0049 12. 4 4.1
40 0.0022 0.0102 22.7 4.6
60 0.003 1 0.0165 32.0 5.3
120 0.004 8 0.0305 49.5 6.4
240 0. 006 4 0.0465 66.0 7.3

The temperature is (50+0.2) C, and the rotary rate is 700 r/ min.

20t

1.6

12}

lg(eg/ey)
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B1 AFEREET B R 5 A KSR
Fig. 1 Effects of reaction time on
cementation rate by copper under

different solution acidity conditions
1—0.01 mol/ L HCI solution; 2 —0. 1 mol/ L HCI solution;
3 —3. 0 mol/ L HCI solution; 4 —5. 0 mol/ L. HCI solution

FRIE W EB: £ 0. 01 mol/L F1 5. 0 mol/L
PIAH R R FE T AT Cu B #e Pd( 1) 1 R IS
ZRRK, FIETE 10 min W E 2R N, WA
i Cu 5EHNEER PdRE/RE N 1: 1, 7
HEENEAN B Cu AN FHE 7 JEEAE 6h

B 24N 66%, BT HIUK Ha RV, B WV
J& An(Cu)/ An(Pd) Fi& 7.3,

1.3 Pd( IT) ST & 78 M2 AR AR BB Y. (1) PR A

NI %

WA 4> F 3008 RoSO, H 454 i =/ 7
FPUTAARY , 8% AR T NP L Co™ Ml Fe™* 4§
HEEET, EMLCPH =ZARKNART7F5 A
fr; SFF P 1) Pd( 1) & BT, AR
Ab T DY THIAA TS — AT AR JR 1 AT AL - FHAERE
BRI — IEE3 I DOSO) « kil
. ZIEFEEEEAN  CIECEWR . K= (2- £ S
)W, WmBREHSRE 1, 1L, 2=/ Lk
(TCE) . A3CEH R H A7 E ¥ W50 K A 38
PRI BEXT AR B Pd( 11) M2, g —IE
FAE . TR T (2 23 B L) WY K B EL
3L REON SRR BE I 2 5[ HC1) 4 2 mol/ L &b
HIRC I, AR SCYE 3 3145 1K — 1E 37 28 0 AR A5 HX
R B 2 Pros o FEERAE N RS DOSO
VEBENUE, FE V.. V= 1: 1, K4 10 mL,
FEIRTAE 60 mL 430 SF o F AR %R AH 10 min

100 I .

80

60

40t

Extraction rate/%

20

0 1 2 g~ <l 5 6 7
[HCI}/(mol-L™)

B2 WX DOSO ZEH Pd (1) %M
Fig. 2 Effect of HCI concentration on

Pd ( II) extraction by DOSO
[DOSO] (org (mol/L): 1 —1.00; 2—0.85; 3—0.50; 4 —0.20

B2 gk 3 A0 4 REH: SRR R SRR IR
fE< 2.0 mol/ L I, ZHUZERHE H C1 ¥ B 38 K i
K. M HCIIKE KT 2.0 mol/L J5, ZHUE XBE
HCl IR EE B KM T 5 . PR M e R B, 2]
BLEBPNRIRET, H WREXT IR F RN,
B CL™ R BEXS 2 HU AR ) 5% W 1R R A HOS FR IR 34,
R H R R FE T o (BRI A T ) = R
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FET, RWaAEELR) R 2 R AR, FECEX H Rk
FEARBUR, (2 CI™ W B0 ZE R B R AL/ FHL
RS, R BT E AR T AR .

Kl 2638 H], BEZE A VLA T DOSO K & ) 1Y
K, ZEhZ ERMA gk, 2 DOSO KR
T 1mol/L J7, MATELEHK.

AR, TERHUE ML Pl kA T PIFTAL
P[] B A RN

1.4 Pd( 1) GG B 75 B AT A i 28 46 ) 1

Pl I L5

/DR HPACL W AEEMRIRE FHEATE T
ek, Pd( 1) BSURC 25 FBE T DA 4350 P a8 e
P REWRC B, P A4 3 49 BH B 28 e i HE W B, TR
B2 Pd( 1) MEED & T HAKA L&A RN A4
W, PdCli™ K[ Pd(H:0) Cl]5 WFha B B 7
AEW B, T PA(H20)3Cl " X[ PA(H.0)4]> ¥t
VTR 45 BH B8 A8 A T R B o 7E VTR 48 B AL
FE R TA AR PR A 4k e AT BLF 3Pd( D)
P10 T V25— 50 B P 21) 93RS I s S A o 81) S A% A

2 it

TR A 8, BB T A ROV ) R AN RE S
NIy 22 R A W, a2 ) I 2% R B R K
BN (SR 2 A CTE Y, B E AL
“PEM M) . VF2 W) 24 W 8 I N HESH ) 1R
KIS, 3 DR G B 1 B0 1 1k v T AN Re R AT
Stern T~ 1981 4F UL B+ — 7K & SO, 1) ~F- 4 4
K(mol™ ") FIHUR HH k(s '8 min™ ") 233 1E K 1%
BC B 3 2 Ase Vg ) A b e B RE . e Y
TH—KE RN A:

MCIi + HO —[M(H:0)CL] + CI” (1)

e b Pl £ K &b MCli )
SERSE TR RUK, SO I E ORI RS

HIzh F1 2 A o S2BR B K BT BUS, 1gK B
I MCIT —R AR w4,

T Pd( I MERE 7, SR EE
lgBh=11.5 WRHREREFL 1gh=16.01
Pr( IT) &ACE FHE AT RAEKEG RN, 7K+
Cl" WREERIAFE, TR [ PA(H20).Cls- 2]" 23X
— RN EEGAR B Y. WIEAET5 Pd
( 1T) FCAL B9 2 2% A 2 5 A lgBl = 4. 47. lng:
7.74 . 1gB= 10.02 fl 1gB= 11.5, A LAiHE HARTRH
BRIRERB P A S TS5 Pd( 1) BCAL S Fh 4
SAEDE, Wk 4 PrAl,

Ak, Pd( 1) BC &P AR R R B 0 24 AR
NS R TTE T B/, Grant T 1990 FIH40H
D4 SR A W AR S BB ) 2 T R A R /N I
JP, @RIITHES.

MRYE PACl T B 3y S48 w ME R 3l ) 2248
Pefg/N, IREG R I 4 B NINE .

2.1 fifbahs Pd( 1) 8 i e iU

TRACEALE K Rl 5 K AR, R A -

Na:;S+ H.0 —>SH™ + OH™ + 2Na’ (2)

SH™ + H.0 —>H.S+ OH" (3)

X(2) M— K- ForEE K = 8, :(3) M=
BIKIRPHTH R Ko= 1. 1x 1077, KO =Rk fga]
BWEARTE . ALK 1L NaoS WK E A
0.2mol/L, n] & HIKMEER 97. 5%, B IH
[SH ] = 0.195mol/L, [S* ]= 0.005 mol/L . 4
U NaxS WA H2PACL WP, SH™ &1
LRI IE DS B PACLE BEES 70 Z By 1) 5
ODETFEATERBOEIES, FrR @ PdS, KM
XN

[PACli]> + SH"—PdS+ H* + 4CI"  (4)

RN (4) 1T fi7 55 40 R0 T8 2R SO AE 2K,
HARE SRR, R RIfE HoPdCls W7 25 HCL
W R IE6mol/ L, NaxSY MM AN J5 HH ISH™

®4 ANFEFHBWKET Pd( 1) EACE T K2 6
Table 4 Distributions of Pd chlorocomplexes in HCI solutions with different concentrations ( %)

[HCI]/(mol* L-1)  [Pd(H20)4]%* [ Pd(H20)3Cl]* [ Pd(H20)2Cl2] [Pd(H20) Cl;]~ [ PdCls] %
0.01 w0 4.40 27.13 60. 8 7.7
0. 10 0 0.30 1.94 43.4 54.6
1.00 0 ~0 0.03 7.6 92.6
3.00 0 0 ) 2.6 97.4
5.00 0 0 ~0 1.6 98.4
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®5 HRE R A YR BB 1
Table 5 The kinetics inertia data of platinum

group metal in ligand substituted reactions

Ru Rh Pd

Ru( II) 10°-10*  Rh( I} 10° - 10* Pd( 1) 1

Ru( IV) 10° ~10°

Os Ir Pt

Os(II) 107 =10°  Ir(I) 10*- 105  Pt( 1) 10° - 10°

0s(IV) 101°-10"2  Ir(IV) 105-10°  Pi( IV) 10~ 10"

The Grant s kinetics activity data were reciprocated to define as

the kinetics inertia data in this paper, and Pd( II) is taken as 1.

B FALRIB R, A AETE R HLS RN, B
TMARAE] HoS RBK . ik [ BV 2 I A WL5E 21
TR AREER I R R, BAKS: WOCHR[ 4] .

LA R NAITEE TR, ¥ HaPdCl W PRE
A B 25T B E M NaS Wl I, KAEWT
RV

PdACli + 4SH™ —>Pd(SH)i + 4CI° (5)

WAMESL T, RS FEICUTIE ML, K V=
WAE K N 1h J5, SRAG AR €4 0F W,
A RESE W PdSS FIRARER I

2.2 HE ¥ PA( 11) BB s B HLEER

IR E T, 24 H.PdClL WK pH = 2 I,
HHP[H" ] =0.01 mol/ L, RH#ERX 4, WP EEF
R [ PA(H20)2CLl2] 7 27. 13%, [ Pd(H20)-
Cls]™ 5 60.8% .

4 RN S, 4 R T AT PGS R AR
Erh HERC G R :

2Cu+ [Pd(H20)CL]+ 2CI —>

Pd+ 2[ CuCl]™ + 2H20 (6)

(6) P4 CuCl 7R H AT SEED R A2 38 TR
Pd( 1I) ) 2 )

2[ CuCl]™ + [Pd(H20).CL]—

Pd+ 2Cu®> + 6CI" + 2H,0 (7)
S Y A=)
2Cu+ 2[ Pd(H20)>CL]—>

2Pd+ 2Cu® + 4CI° + 2H»0 (8)

Cu WA KAEI(6) RN, wl AR
AR RN (7) A8 A R AT R T A VR e,
B N 2R B E e K P S HEANEEBT I Cu B R
IREER 11, Co EUE-METHARER, X
SO 5 B B (1) 5L B0 IS Sl s BHE AR .

28R, [PA(H20) Cls]~ AR5 RS Eid )k v

KW — R &N, 1 H k&K (6) 1 BT,
[Pd(H20) Cls]~ A4 4] Pd(H20) . Cl] H HEAC
8, LB RREZR, HARRNEREET Cu
fif Pd( 1) RAEMZEIEIR IR

TEFRMRE T, MERRIKEELE 3.0~ 5.0 mol/L
I, BT CI B S, 4 AW, Cu R
¥R A DA RN

Cu+ 2CI" —CuClz + € (9)

K 9) A4 7y b — e B e A i AT LR
H*, DURFR A H M F Bt PdClE , SR KA
738, FRLEM A Ry — 50 o4

PdACli” + 2e —>Pd+ 4CI (10)

WG, 7EHH EIEA Cu —Pd e, (9) &
TX( 10) 23 5910 LA BH B 52 S T B B 2 B 17 4k 8R4 T . 3K
(9) F=4EM CuCly 7E R E T IR #4024 CuCli™
P2H CuCli, BT AT S H ey i 1T 7= A2 24 ] )
KWE, ETEBMAFE PACli RAERMN . HTF
SN SRR R T R A, P AR PR 2 AR T
FEEIKE, WOGE AR RS ST AR M . B
PR R, SR W S 2 IR, 7
60 min 5, KMNHEEEAFTFEAC. A, BT H 78
& B AR AT AN ARG, I T A
bR AR R N, PR A B e pd( TT) 7E
RRE T 2 AL SRR, AR IR AR RN BT HY A 1 R
JRECAE 60 min BFRIIA R 5.3 1, 413 3 Frdl) . ek
PR s YA H ) B B TR 4 e I IR AR B ) DR AL,
AIAEHEF LTI R HRE™ ' .

2.3 WAHAEEL Pd( 1T) PR S ATL 2R

W R], HBWE< 2.0 mol/ L IR
BOAREACHLE, AEE s Bk A

2L oy + PACliag — [ PdL2Cl2] (org + 2Clug

(11)

A (1) FH L RS F . 2N(11) 5 HT &
Ek, (B CI WREA K, SHRIKEMN, K
oGl W EWARAS, AR T2 B N 34T . X
(11) AU 18] 5 52 1 e B, TR BEE S Mg, T
AR EE AT R NEEAT - BeA, RERE T R
[PA(H20).CL]¥ME £, BT WKy 73
A Pd( IT) SBCE T B A FEECAL . RPRFE T A Bk
R REFNEE S Y] LRI T g, H4A 90 ihE
FIIEE/REE n(Pd) © n(Cl) @ n(S) K 1: 2.1: 1.9,
g1 202, 501 S HEARYE .

HCLWKE KT 2. 0mol/ L J5 AR T 5 74
AL, ZEEUR VA
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2L(ong + 2H {ag —"2LH{ oy (12)
2LH{wg + PAClLi(g —

[(LH*)2 * PACIi ] (0w (13)
ME(12) F(13) FH, HER TRy T KA

TACRDY, B Ui A S B TR Bl I AL,
[E] I K AR ) PACIE BC &+ BRFE 0 2N HLAH .
R PRI FE A W A A 120 12) A 13) kAT, 1
H2H" BrlErZmiEy 2% . B 1raaplsE
AL e BT 2R R . AR, B B Y
BT aE AN 2 kA (14) BIEEA N

[(LH* )2 * PACL J(o ™

[ PAL2Cl2] (o + 2H{wg + 2Cliag (14)

R R E T EPCRA R A ST & —F A g T
FREIRPIRY), TR EUER 4L 2 70 #r . (B2 &
Yih Pd BIKRE L 0. 33 mol/ L, WEHA(DOSO) H¥k
FER 0. 1mol/ L, WHIMECH 3, KIEEE WA 5
AJBE N[ PAL.CL] * [H* (H20) * (L) * CI" ] .

MK 2 ER[E H, FEEAPAET DOSO HEEH
BoR, R BRI M Bk &N, 4 DO-
SO]> 1 molV/L J&, MAEAHK, FHMA(11)
Je(12) F P FRHLER ) e B3 %63 5 G HLAH
DOSO WEH K . DOSO WREH K5, HMHLEERK
AR AT PAR IR AT

2.4 BFACHM R P IT) BB R N L5

FHRR B 7 BB B 7 A e i G Ab 38 2 Pd( 1T) &
BC B TRV, W R AERIRE T (Bl pH =
1) AT, HRAER 4 FryEdE, pd( 1) SR &+ 7] B
Bl BF S 1 A2 e i 5 A WRBE . 6 T BH B T A 4
g, EARMLAAE T ECFH & F R PA(H20):Cl1 " &
WAL, (HBEAE TR S BC 2 T 0P (8] (14 4
IR, BT HTC BA B SOR = A, DRtk R B i A A2
e, AT IRTEOE 24 g, Pd( IT) T 4 BH B
TR e i 58 AR

3 4k

FEWS RUTHE B AU B AT — L2
Fwmes R NEES, B0 MEEE T
PACL 2 IU YRR IR 1K) e AT . AR SCAE 3 9
HEH) 4 Bl N R B, B OV RTR G 7 B AN,
BT ERFR IR FE AN, s 2 22 AN TR BRI AL
B, BRI RN BLS . £ B 5 5 % Bl ST
BT, PACLIE RARAKKI ) 258 € TR K
Hizh i 24istt, SECEW S K AEKE RN, B

AF AR EFKER SRS T, AFEL 2R
N ALER ) 5 4=4L .

TEMUFE 2, BAERBEMWE P 1) &
BLRHEBS + PtCli , HI T 248 ks M3l ) 223
P, HRNAT AL PACLT ZREK. 41 NaoS %
W] HoPtCl 3 I, ASHILUisE, HE
A HS i, EEAER—F SH™ 1 S™ W&
YIVETE; Cu AN HoPtCle YW h I, IREREE T
RNARNE, Aaf BATES4E, mRE T W
Ho N HCEH#e Pd( I1) BB, THACEUN, KR
JETR DOSO SE&AFER Pr( 1), ¥ H KEHO. 1
mol/ L i, B AL HURAH I /4K 30 min, Pt( II)
WA, RAEY HCLIKE KT 4.0mol/L J5,
PtCIE A W] BHO AT A NG HIAH; X T8 1A e i
IR He N, PrClE HBEHE B B A 0 v T W [,
TR AN 2 4552 B 25— 8 A% IR R A

PAClT 5 PtCli PRI &+ R NAT A F &
FZERNWARERE Pd B TRME, Pt BT E
g, WENRET LR, HEHERIETES
T 144 4f 7, fFPEE S5 M AR LR T B 1 10 Y
ITAHZERIBKR, XA SCHEETESCER] 11] A R4
FIFF T8
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