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On the behavior of the propylene mercury(I[) complex

in an aqueous perchloric acid solution
Ituro Kawal

The amount of propylene evolved in the ligand exchange reaction between the propylene
mercury(I[) complex and chloride, bromide, iodide and ethylenediaminetetraacetate was
dependent on the pH of an acidic solution. The phenomenon was explained using the
equilibrium constant calculated by a computor and the other results obtained spectropho-
tometrically and potentiometrically. The following relations were found between pH and
equilibrium constant :

log Kpi=logK’p: + 2pH
log Kp:=logK’p: + pH
Since the propylene mercury(Il) complex exhibited an interesting behavior in an aqueous

perchloric acid solution, the author considered the reaction equilibrium.
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COWGTRIHICES 2HZICKDO L DT RTOAEZEAL 1o
HgX ™" (i=1~4)
(OH-),—Hg?+—Propylene (=0, 1, 2)
(OH-),—Hg?+(X~) —Propylene
Hg (OH) ™" " (i=0, 1, 2)

X : halide

2 ZEEERSUEZRE

2.1 7RELVORREBLUHEBAE
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RSHECREST LI QR-50 M 241 L T, s 4 AN C DD I 6 FIIC DT, IR R = 7
PV DRIEZFTIE - 120
Qe 1+ 210~300 nm
s sz 25°C
flifl+nr : 1em
AFHAROBEE ($7213 pH) @ N=1, pH=1, 2, 3, 5, 7 (EpiarsE%ici2
10-3M—NaOH A L)
At o4 4 i : p=1 (NaClOy)
AFHA W ORI A A vty © 8 Xx10-*M

2.3 pH# =
HArgshs M=-57 pH # — 2 21 LT, fHA8/KR (D %K 4BEEco0T, pH #lEs
1158 12,
M, BRI 20ml 2 ANT, EHELES 0.97M-NaOH o 0.1ml (4§ 5K 5T
0.05ml) ZiHF L TMEZEFTE- 720
FERE « 25°C
A FHE R OB : N=0.7
AR DA A v g © n=1 (NaClOa)
AFHE K O :
(1) 0.7N-HCIO. i 1jic 5 x10-:M—Hg2+ £ & #I5
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(2 0.7N-HCIOs idic 5x10-2M—Hg?+ L 1.5x10-'M—Cl-,
1.5x10-'M—Br-, 1.5x10-M—1I- 72&% 2 h2h & Dk
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KB NOKB(IDA A YOBEFEOVHAR DI DH ST, 7oL yORIEASHREIC—F T
Lz EICX, 7oL v KMIDAOHEKIZL : 1 THAEMET AT ENTE S, TORIE
1) Rzk-THhHzzons,

Hg2+
Kp o
Hg®+ + CHs—CH=CH: *—5 CH;—CH-CH: (1)
e Kp i3 (2) RckvFEBRHELTEED SN,

(Hg?+—P)

KP= thge+) (p)

=2.1x10* I/mol (Av.) (2)
t=25°C, Py=1atm, ;¢=0.8, pH=5
P : Propylene
(Hg2+~—P) =(Total amount of propylene absorbed) — [Blank])
(Hg2?+) = (X Hg) — (Total amount of propylene absorbed) -+ [Blank)
(P)=[Blank) =4.92x10-* mol,1

LrL, Cofifid (Blank) ifShDKRREUEFA TSP SIRHETIR IV, Lo T Kp
ftiid Hg(ID-EDTA & P-Hg(ID-EDTA 0K 2 #7 — 2 2T, (9) slickb
[HEE I - gl a8

Hg(I)-EDTA %3 (3)~(6) AThtibdbhb,

Ke

Hg?+ + L*- — HgL*- (3)
R [HSLZ_J - 21 5)

K=z (Hg2+) (L4-) 6.31x1021 (by Schwarzenbach?®)) (4)

Ka,i

H;-,L'-¢ == Hs4—L-% + H+ (5)
_ (He=L=9H*) 7.

Ka: (Hs_Li-1) (i=1~4) (6)
L :EDTA
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Ka1=1.02Xx10-2
Ko2=2.14X10-3
Ka3=6.92Xx10-7
Ka4=5.49x10-11

(by Schwarzenbach?® )

P-Hg(I)-EDTA %ix (7)~(9) Rch7-z2 505,

Kps
Hg?+—P + L4- < HglL2- + P (7
Kps =  [HELEIIP) g 93907 (8)

(Hgt =P (L)
t=25°C, P,,=1atm, ;=0.8, pH=5

_ K&
Kp: = Kps (9)

Kp1 3 Kp ICHGRmMIC HE LWV, Kpa FRIEMICEHRENETH 205 Kp LRGN,

Kps QHIEIOW|EICETH Sk, Fig. 1 oFERE AR TR SN,
S 100
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Propylene mercury(II) complex (mole

Fig. 1. The amount of propylene mercury(Il) complex remaining after
addition of sodium chloride, sodium bromide, sodium iodide and
EDTA
t=25°C, Pip=1atm, p=0.8, (HCIO4]=0.7N for halide, pH=5
for EDTA
(1) : Sodium chloride, (2) : Sodium bromide,
(3) : Sodium iodide, (4):EDTA

Fig. 2 {2 Kps 2, (9) RickER LA Kpr 2RRLEEHDTEH %,
Fig. 2 [tk DKp: & pH 0fRIE 10 Rickv 52503,
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log Kp1=log K'p1 + 2pH (10)
o
K,p1:2.2><105 16
P-Hg(1l)-halide iz (1D, (12) Hic i
(1), (2) REMAEDETER %,
14} ©
. K, 4
HgX®79% 4+ X- =5 HgX ™"~
. 13} o
(11)
(HgX (2~ 1) ~ 12+
(HgX 777 (X7) LIl
(i=1~4) (12 S0
X :Cl, Br 10
Cl: K1=5,49x10¢ 9t S
K2 =3.02x10¢
by Sillén®) L/
K3=7.08 ( 8 ','
K.=1.26x10 1
Br:K;=1.12x10° 4—Kp
6 i i L [ . |
Kz=1.91x108 0 1 2 f’{ 4 5
(by Sillén® ) P
K3 =2.57x10% Fig. 2. Relationship between log Kp; and
K.=1.82x10 pH

1=25°C, n=0.8

S oig, (XX]/(XHg)=1.00~2.25 OEBRFHATICETIE (13), A4 KBWILT %o

(£X) =£:1 (1« HgX 377D + (X7) (13)
EE:HgJ??;EHgXEZ‘” )+ (Hg*+) + (Hg**-P) b

AD~14) RcEDLN B TRTOARDOHAEEFIHEBICE D HEH U 7o

Kp1 @ a4/ vof, BEIIERFRIC—EICES EUFL D, 2oEREMLL. 20
R e v VKSRAD &%, foE Tz, Hg(D-P L UTIRAL T2 ) TH %, Paul
& Brandt™ (3 P-Hg(Il)-halide ZoT#% #iA3 % oic, Hic, X-Hg(ID-P $HAD A %}
ALTW3, LL, ZOMETIE X-Hg(II)-P & Hg(I)-P Ditisk{hs & O ANTHIL 7o
LidiaT, (1), A, (12 R&kbv 16), A7 KXMEZL STt
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Kp:2 .
HgX- + P — XHg+—P (15)
(XHg"—P] (16)

KP2 = 1gX-11P)

(13, (14 =Nz A, A8 KXttt s,

(oX ]—‘ ((HgX(*79% ) + (X-) + (XHg*—P) (17
4
(Y'Hg)=X (HgX{*7”%) + [(Hg**) + (Hg**—P) + (XHg*-p) (18
i=1
(Hg®*—P) & [(XHg+—P) Z451 (1D, (12), AD, (18) X LADNBTRTDHKD i 2%

BUORTHERICEIDER L2, 2040 4KIT Fig. 3 IR 1LA
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Mole ratio
Mole ratio
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“2Cl /X Hg) X Br’ /71 'Hg]

Fig. 3. Composition of the propylene mercury(1l) system containing various amounts
of halide ; /=25"C, ;1=0.8, THCIO4 =0.7N
(A) P-Hg( Il )-chloride system, (B) P-Hg( [l )-bromide system
(1):[Hg?*-PJ, (2):[ClHg*-P,, (3): HgClz), (4):7HgCl3),
(5):BrHg*-P), (6):[HgBr2), (7): HgBr;]

R, Kpu 3o 7 v RN, SRR ERY, T4, 10) KRhSEHEIN S Kpa
B L T—H U1,

Cl: Kpi=1.3x10¢ (Av.)

Br: Kp:1=1.5%10% (Av.)
L7~ T, Kpe i3 Kpr Z/HOTHt &Nk, Fig. 4 12 Kp: ZMELELOTH S
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Fig. 4 icXx b, Kp: & pH 0[E%Eiz (19
XNickvHzZ6N 5,

logKp2 =logK’p. + pH (19)

Cl: K'p2=4.1x105
Br : K'p2=2.7x10%

I FR AR ADBEROBIL R =7 b
PH=2~7 oORFHEICD X, 1 E 221.5
nm & 249.3 nm O 2 {HFTHEROEAS R
e

F 7o, I RE /KB CIDER O KBS b
VU LBRICK D iEEMENT Fig. 5
N3,

IR

11 12 13 14 15 16
0.97 N~NaOH (ml)

Fig. 5. Titration of mercuric perchlorate solution
[>Hg] = 5x10-2 mol/1,

t=25°C, pn =1,
[.\_:X]/[Zng=3r X Cl—’ Br-

(1) : Solution containing bromide
(2) : Solution containing chloride
( 3) : Mercuric perchlorate solution
(4) : Perchloric acid solution

HLH0 5, KD 7 asERoMASFIT ALK PH=2 holh: b 1,

log Kp2

Fig. 4.
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Relationship between log Kpz and pH
t=25°C, n=0.8
(1):Br, (2):Cl
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FrDAKEB(I) 7 atkomka i pH=7 LIEcBWThE 3, ik, I- BNEET IR TR
MELKDOTHRNTERE P o

Fa vl k(D & pH=2~5 BT, RRXOESICMASEESZTHLDHITEZL
5b,

k
Hg(OH)Z"—P :_‘1‘* Hg(OH):—P + 2H+ (20)
ky= [Hg(OH) 2:»1?]__[1‘@;]72, (21)

(Hg(OH:)3"—P)
T (10) XKoL >KEFEEMZ N5,
logKp:1=1logKpirz + 2pH + logk: (22)
Kpaiz 13 (8D, (9), (21 &b

(Hg(OH2) 2+ —P)

Kp1r =" T Hge ) (p)

(23)

(22) RicBY % Kpir ZIEFEICEY pH IcBid 3 7 o €L v KIAD EHA DV HE R E R T o
UtehioT, (10) o> K'p1r 13 Kpir B L 2% L, 2L T ki BEXT0THB T LM
fEINB i, 10) & (22) XBHELE S,

P-Hg(II)-halide % i, Fig. 5 »obhr s ki, KBDoEMKICHL Ty YD E
WHDS 3 ERT IET B 7 2Kz, pH=T7 TR IKSRE ZF0, €/ ~od /Kl
(DRI EZ L EBRRO X D IWIKFEAEZT B L HICEZLOND,

ko
XHg(OH.)+*—P == XHg(OH)—-P + H+ (24)
(XHg(OH) —P](H+)]
ke = XHg(OH»)*—P) (25)
27T (19 ARXROIHSICHEEMZI 6N 5,
logKp:=log K’p: + pH + log k- (26)

19, (26) KD Kpz 2% L <, Kp: BEEZEHELVED, ke BBXLZ0TH D &N
INsid, A9 R&E (26 AP FLIL S, ULXviiEic HE Licnar vz Foery
DOBBICHAVEE, FEE LT Hg(OH)—P i< u s vasmby, KEEE & O BB
XHg(OH) —P R &END. COE/ ~ay/ KIBAD MADERIR, REWEMTI O
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