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The Study of Equilibrium and Rate on the Liquid-Liquid
Extraction Reaction of Organic Sulfer Compounds
with Transition Metal Salt Solution

—— The Study of Sulfides —

Kazuo Aomura  Takao Yorsuvanacl Tamio KAMIDATE
Kuniichi OnucHr  Syozo Henwmi

Abstract

In order to establish a new extraction method for the separation and the determina-
tion of individual sulfides (C,~Cg) in petroleum, a preliminary investigation was conducted
on the extraction mechanism with an aqueous solution containing transition metal ions
and various anions. It was found that the d°~d" metal ions (Cu?*, Zn?**, Cd?*, and Hg?*)
formed stable complexes with the sulfides, and were applicable to the present purpose.

The extraction efficiency of metal ion was strongly influenced by the salting out
reagents. This effect was well explained in terms of the cation effect, by which the
activity of H,O was decreased and the anion effect by which concentration of the metal-
anion complex was increased.

The absorption spectrum of these complexes indicated the pealk, e.g., at 245nm for
Hg?* and at 350~360 nm for Cu®"; the composion of [Me]:[sulfide]=1:1 was estimated
from the results obtained by the Job’s method as well as by the slope of the linear relation
between log D and log [metal ion]. The distribution and extraction rate of the sulfides
were enhanced by the presence of a particular anion in the aqueous phase in the order
of CN">SCN >Br >Cl >ClO; ~NO, and this order corresponded well to that of the
stability of the metal sulfide complexes. This effect of the anionic ligand seems to be
attributed to the trans effect of the complex found in the substitution reaction of square
planer complexes. The applicability of this extraction system to the separation of sulfides
by the partition liquid-liquid chromatography was also predicted.
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Table 4. Effect of anions on the distribution ratio of DMS

| Distribution ratio

Metal salt C;)Sic;:r-l Salting out reagent
Not added CaBr, CaCl,  Ca(CH3;COO) Ca(NO;),
Cu (NOy); 150 M 0.00, 17.8 0.17 — 0.04
Zn (NOs)e 200 M 0.00¢ 0.04 0.02 — 0.02
Hg (CH;COO0), 0.02M 053 0.50 0.47 0.06 0.81

Table 5. Stability constant (K;) of metal ion-anion (L) complex!3)

Br Cl™ CH;COO™ NOy Cloy
log Kcu-L —0.64 0.1 1.62 no ev cpxb a)
log Kzn-1 2.3 2.2 1.59 no ev cpx?  no ev cpx®
log Kirg-1. 17.3 13.2 8.43 —021 ev cpx®

a) Ks[Cu?2+(OH )i.mLlge}~—17
b) no evidence for the existence of the complex
¢) evidence for the existence of the complex

Vs KOS (D) o o i BuE 3B A o v ORI o TRIBR T X e o fe.

RO, RS FHNC /e IR D £ R, 1 B & 2 W O JITEE © 1 il
THh 5, FEhakk % Table 4 12779,
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i, KD A FvEsmr A5 v EDOHENERCRELREEE 2 b > T 5
B, S A F AT 5 A FERPD A A ¥ & ORPBRRIEA ML DIk 2 12 L% 4 DTH
B ok, TG L 50 EEOEOBETF oKL, & LTHhF4 v OENgREEL bR,
W () 4 4 v OB i, 811 A 4+ VIZHIE LT, FhUEE 7 = 4 v O R BEcHbhi
IR N

T T, T =AvOMEN LD B R (H)/l’z“/%)ﬂb T, XOEMCT =4 voRiic
DU Uic, BRIRE LG, ASmESR (D), WG SRmesm (I, H(Lsm AD, Bt 0D, 7 vt
D) s X8 F 4> 7 vABI AN & v te, 7eds, o 7 VLS D) s L0 F 4> 7 v (1) & LT
WL, TSR 0D BRI EE D s e r Do 7 b VY AR IO FF 3 7 Vvib A Vv AR TR
MUIcL DEH G, COBE, Ty AFvBI0F4> 7 v A+ VORERMZL T, #dD)
A AV O—FA IR B Tod,  FEEROH QD) 1 4 v L Fig. 5 W RAR Ll & » $ 4 LT
HLOEEZBRD, HREMIDEFELZHC T 2 F 917 7 A4 PO EITI - TchiRe
Fig.5 127, Fig.5 X b, #ilfssh (1) 7 #dds X OSBRI (D) B ks T, £ Ohb(EH
AR (D A A v ic X B b0 THHa 0, WAL AD, B ID, 54> 7 v (D) s LU
o 7 AL (D) B A O 1B G o S B Bk, Mol A A v ICE LT = A4 v
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10.0 A VEBIFFAF > T vVAF v a2 din+d 55
fr, $AL) A A ok 4% = ALk ((CNT1/[Cu?t]
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HEE AT DB Rk 1,
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%E XN TW5BHD, Jahn-Teller Zh8 25 /AT
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T

0.5

™1 T TTTT

Distribution ratio , D

0.1

0.05

T T T T ITT

1 : Cu(Cloe)z 3 2 : Cu(NOa)z ; 3 : CuClz ;
L : CuBrz 3 5 : CuSCN ; 6+ CucN

Fig. 5. Relationship between distribution

ratio (DMS) and concentration of Oz, y 04 HORALTF & L BT, 11D
cupric compound Aoy & DA R T (D) o 4 v i

VMR OEEE A URSHEEY 22 L85 T2, 22T, @ID 42 A
eSS B T, PRSI A4 IDEEmc R b d b 7 v AR RN E 5
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ML) 1 A+ ViC oW TCTHHEEA~O 7 =4 v OB L,

3.4.2 MUIDAFVOHERECRET TS OHR

& LT, SRR (D), AR (D) 3o X OUBEE IR (D) 2 7o, Tods, KR O 4
BB, BMEREOLCL AEEL <Y, Cul,+Cal,=40M —EDL 4Tl -
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FROMINEC L B2 AF 17 5+ A FOMHEROREL L4 Fig. 6, 7125 T,

BALER (D A & LTRG-S A, Fig 6 nbBMbaick 51, BENERDIFL,
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BRI L OHHGEE AR L T S hathn b, Lo, B LR ID 2 HOE A & i
THE, TOMHEDEMBEE XD /NR G Ealbn s Fig.7), 7ofs, SBEFRRH (D) o
B, FORHEIEI /P, 40M OGO ZMEF ERFRT — 2 933 b ke (Fig.
7o LI EDEREL, ZEMIDEC L - THHEE N RE BRI ENb0 BN, &7 =4V
Dl R E DWERICH ST MR AR 5 oo, HEROFIT 21178 - o
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0 20 Lo 60 80 100 1: CuGlz=h,0 M ; 2: CuCle=3,0 M ; 3: CuCle=2,0 M ;
Extraction time , sec L: CuGlz=l,0 M ; 5: Cu(Cl0a)2=L.0 M
1: GuBrz=l,5 ¥, 2: CuBrz=1,0 M, 3: CuBrz=0.5 M [Cucz]+{CaClz] = 4,0 M const,
{Cusra] + [CaBrz] = L0 M [cu(c1o4)2]= 4,0 .M const.,
Fig. 6. Variation of extration efficiency with Fig. 7. Variation of extration efficiency with
extrcation time for the extraction of extraction time for the extraction of
DMS by various concentration of DMS by various concentration of
copper (II) bromide solutions copper (II) chloride and copper (II)

perchlorate solutions

WE, IHCEDTH HIERELE UG GEERIER (D) o8&k, KREAD A4, e
AL (D) O AR, e v A vy EID A 4 v EOREETH D, HI)—~a v
MR THD EFEZOND, £ T, MEEBRMOYL S, [CulDliow ={Cu(Daqueonsl, -~
w s AR (D) DEEE, [CalDhaam =[Cull} L] & U CHEKRDOMBHI A 1Tic- 7o & 25, B)R
CIRTRMT O—SOEERTERTED Z L b T,

d [CU <Id)[1\/IS) L] = CZ[I)dhl/IS]o = K:Lpp [DMS]O ( 3 )

Z I,
Kapp = £y K- [Cu(ID]iora1 (4)
T, kb HOEEERK, Kix DMS o4 REAEK*F 3, Fig. 81 (3) slicft» T kR () =
IBUAFAFALT v A FORMBHREFGE(LA T U2 md, Fig.8 225050k 51,
TVCERBEAKSI LT B Z E bbb, MOHFEOE &L AR ENEb Rz, v,
Fig. 8 DA EMOAEE, % [Culllliowar D Kapp DIETH O, £ (1) OB WEHRIE OV &
D Kapp K%, [Culllliow L TF ey b5 & @ XDLEBMHERELRD 2 ENTH
TE B, LM AD oW T, [CullDliow & Kapy DHOEPFRE Fig. 9 woRd., W%, 4
KOBHEL»D Fig. 9 OFEHROAEL, A K OETH L, K OEPMETE T, HO
WEERILRETE R, T 2T, AR (D) OB 5O MOMEER, 2% h, HHOAA
PHHEEL LT, FEHOARDLLD, ~e v v AD 1 4 e BT 5 2 s X Bhh
W E ORI ML R, T OMRE, ko~ ko~ kooy=360:13:1 Licbh, X hETZEMEEA
FR AT A BT A S B X D E IR L, P T v AE L TR D D 2 &
hbohot, Fi, ZORREX, BEAFv 0, X0 ETZAMEMT AL 1 4 v EAT




174 FRFHK - Wy HIpESR - BRI - APE— - BREE 10

1.6 1 16
0.32 | *
e e d
g - -
0.8 | z . 2 %
. 'Y 0.8 | 7 8%
0.2k | 8 ]
: x§ Rl o] T h§
g G104~
< 0,20 +
~ ——0
q 0.0 T T ; R
2 3 0,0 1.0 2,0 3.0 L0
’g‘ 0,16 |- Copper(Il) salt concentration , M
E b Fig. 9. Relationship between the apparent first-order
0az L rate constant Kapp and initial (total) copper
(II) salts concentration
0.8 I HIEWED, F7 54 FOMPERES L A S
BHIENARTHD I EEREL T D,
oy 3.5 AMYILT > A FEEOEBERERE
° Y, SEEATRIC X B T & BRI A U
0.00 L ! : e et L 1 ] e
° 10 20 0 3% Job DA bk & X C, iR BS54
Extraction time , sec ) ﬁ%fﬂq@;‘%ﬁ)&%ﬁl% L, DT, %@%EE‘Z%;E&)fCQ
1: OuCle=h,0 M ; 2: CuCle=3.0 M ; 3.5 1 SEFEXICKDH ) HBLUKER ) &
3: CuCla=2,0 ¥ ;5 h: CuClz=l,0 M DB DRE
Fig. 8. First-order plOt In [DMS]Loml/ ﬁ?ﬂ?ﬂ({ﬂ% <ID CYXAYLT o4 K (st) @ﬂi‘”ﬂa\:

[DMS]p against extraction time

BT, O Bk (6) /R Ui B2 & 2, #h
W BG4 5 by, BEERKEBEAD &y 7 » 4 FEOMINERYTH D EME L T %,

+ 2 Hg (CH,COO),
RyS0y == RoSew) 2R,S : x Hg (CH;COO)w,) (5)

Linl, HELE, ENMFIOMRE L7 =4 vorRELERICAR, S 71 FEER
S8 A A v EOEIZERKEIGE, 6 RERTRBEREG L TCHAKRGTEHFLT 74 FEDOR
MFERKIETHD L L, RHMHBRC KT 2LFEEO S P a5 2 & X b koM
BERETESL Z L WE L,

[MeL,, (H 0w 157" +m RS == [MeL,, R3SV, (HoO) ooy ™ T+ HyO

ek, Lix7 =24 vk, TOED0BIY o FRFRERIES L OKHECEET 25
R T.

ZI2C, DA A VEIOKBAD A A VT LB AF AL T 57 A4 FOHHEFTIG T 8 4
T, AT D SR QM A RET B oo, ERHREOAC X B A < iz, (Cu? +
Ca2*) Cl,=4.57, Hg(CH,COO),+NaClO,=0.05M —E & L, 4 O I 1 4 v I L ook 4R (1D
A A VRECRT A oEERZNE L, fok, KEAD A+ v @20 T, v=F 47 5 A
F, -7 v 447 » 4 FOBETOWTEGEIEAWE Lic, EREREY Fig 10 R,
Fig. 10 26, SEEEH ID A4 v I TKE (D 14 vEEE ORI Z 5B 6log D/ log
[Cu?*]=0dlog D/dlog [Hg?* 1=1.1 ODBEMEIFROBNLT 5 & & oo To, & OFEEE Fic o




175

11 BEEBEBHC X 5B, - 7 b o R
i s
DES
1,0 L
C Cu(II) IMS
I npPs
A 05 r
- L
g
8
=3
g L
3
e
&
A o1 p
0,05 |-
- ‘o
1. At "0"01 1 2. 1 0:0;' 1. |(;.l 1 1 1 6'5I 1 Ill.c

Metal salt concentration

Fig. 10. Relationship between distribution ratio
and metal ion concentration

TLUTF O X 5 AR & I E L 72,
AHI R Fs ) 2 UG ERTER O (6) TcEHL I b, £ 2T,
xhb,

B OB B () e

[MeLn’ '(R28>m (H20>n /s é}f]n ( 7 )
[MeLn'(I—IZOXz’i;J 7:_‘w [st]m

FrEET LT A4 FRS) OGEEL, @R TEHZIND

‘s [ ZS]u
E="Rs), (8)

- A FOEE s L OFEBHEP TR 50 7 5 A FEMADBEE N

Kn ==

KA A AFAE S Bl v 7 5
ELICEbDTUNTHBE LD, HRILIEO) XTELT LN TED,

[RZS]’IU+ Z n [MeLn < ZS)/H, (Hz())n ;;7 m ]11' . Z n [MeLn"(RZS)m (I"Izo)fzin;ﬁ;u,]w
[R28]0+ Z n [MeLn (st)m (I'I ()>nmn'—-m] ) [RZSJO

D=

Fi, MRNTRLAEGBEOSHERERL 10N TELEIND,
A [MeL,., (H,O): 7]
[Fr ; = 10
P IMe (L0 1L T 1o)
LT, (7), 8), 9, 10y Xk v A1) Kl T EnTE B,
D= Z n'K'K?L‘Pn [N(/]u [RzS]nA [Lu]n, (ll)
2) XHne

Ly SRR L1 (n=1) o, A1) SOMION A E D 2 LT X - T L

T

;}1 5 o
L] (12)

Lieiie T, (L1 OEIZEBRALFIC S TRITF—ETH 500, 11 ko84

I, R EBEORBEOBILZ 5B OBEBPAFRORTT 52 ERR LT w5
(12) K& Fig. 0 IRINHEREERE S, AN A 4 v J O AD 1 4 v & B9

log D =log[Mel.,+log K+log K, +log . +log|



176 FRFRGE - 0 Bk - EEERS - RAE— - g RH= 12

T A KEDEEOMBILL:1THD I &Moo T,
3.5.2 Job DEHEERCKIHEFOERETEEEHDRE

AN A A v EIOKMUD A A v E 0 AFAFLT 5+ 4 FEDEEOKIT B 2 8/
WAL A -2 7 f A B sE S WL F R F I, 350~360 my g & UF 245 mp o EE SRR
A LD & G L, I A 2 b % Fig LLISRd, 7ok, #4077 4 FORER 4
PAT?e % &, KBTI & 7o 0 i LR X D A DRI E KD 2 2 &1L TE T 1o,
Fiz, Felr, Mn* oL o &E1 4+

0.6 L VESAFAYAT A FEOHERITDOLTL
B Uzeas, WP d AL - S8R0 i it
A * WO NI ot FIT, SOANY F A
- FIH LT, FAEITs T, gk
g ol - Ih, vAFAYLT A4 F—ID) A+ vE
§ LUK D) A A v ORI A KD, FIE
_‘
o - BIEOGBREKBRCY A F LT 74 Fi
g HWinliz & XoEE (18C) ot b &8 1+
2 0.2 L
E 1.0
B 1
2
0.0 ! N L L 08 L
180 300 120
Wave length , mm
1: Hg(CHsC00)2 ; 0,003 M -
2: CuBra ; 015 X —_
3: Cucle 5 0.1 ¥ f-g’ 06 b 3 .
4: Cu(Cloa)z ; 0,12 M 8 o
Fig. 11. Absorption spectra for the z ] o
DMS-metal ion complex g
_g
2 ol |
= 0.6
;-q—; -
o 1
g -o0—O0—-0—
3]
o 035 B 0.2 L @
g 2
o) O
8 omSamEe) O O L
8 ol |
2
1 . . 0.0 i 1 1. 1
0.0 10 20 30 0,0 0.2 ok 0.6 0.8 1.0
Standing time , min (ES3 / (DMS) + (M)
(Cu(Ix))+ {IMS] = 0,20 cunst, ;
1: Hg(CHa«CO0)= ; 0,003 M at 2L5 mm {Hg(I1)] + [DMS] = 0,01M const.
2: CuClz 5 0,06 M at 360 nm 1: Hg(CHsCOO)2 ; 2: CuBrz ; 3: GuClz ; L: Cu(Clos)z
Fig. 12. Effect of standing time on the ab- Fig. 13. Continuous variation plots for the

sorbance of DMS-metal complex DMS-metal ion complex



13 BYEBERRC L D2HEA 4 7AYo W i 177

V—H L7 v A FENMA DR E O LA Fig. Table 6. Stability constant of metal
1212554, Fig 12 X 0, 1 (1) 1 4 ¥ & L 0K onDMS complex
AN A A v EDFINEE IR E L, 1~345LL Br™ ClI” ClO] CH,CO0~

HNTEECRABT D Epibnbd, TIT, W
) A+ vD L &, 14 Vili)E =12, pH=2.6, KK
WAN 1A v L&, 14 viF=003, pH=
1.7 D—E&U TR L koo, HEY
Fig. 13 1=,

Fig. 13174 X 54, S0 A A4 v, K
(D A F v —2 AF AT 5 A F il R
Wik 1:1eh b, 3.5 110k THRILES
JBA A VIBE & OGRS RS IR ORLE &
—#k Uic. Fio, RO END, §hiF
DEEEER (log K) #kdDz, T O H%
Table 6 12759, Table6 J b, WEEER O 2,00 ! :
DREEDIEFE, FRALO A+ v DIHEHES S 1.0 2.0 3.0
BEOHMMB IO B X0 5 v AR RO EF pH
ERILSHIET B Ebrot, 7 =4I [ou(zm)) + [DMS] = 0,20 M const,
I B AR O BRI e B By, AR (IT) 7 Fig. 14. Relationship between pH and
vt FOUESE (D) A 4 Vi TIER S b stlability constant of Cu-DMS
¥, ) A F v O TH B, AN A A v complex
EIRBDAA Y EDERT, TOHEOVEEOERCIZLDEEZDND, Ticbb,
a0 E MG & B KAL) A A vt X OHEER (D) A o ik — T PUT R TSR A T3 % IS5
L, fimo s &<, D A A vt g B 7 BB B S 2 & B E A 309, 41D
AAVEFH TV ABRLE I CHIER DN DRI DD TH A S,

X, Y7 o A PR OREREER Y pH D8 AY %t o (Fig. 14),

3.6 FWIAIMITI T 4 —CKBYILT 74 FOFHICRT B

HA7 5 A PEOMMPEBIMESMEE BRI T Az e = 757 4 -0 L - T
EHMET A LI D AREL 72D, 2T, SUD A4 v EHERAD 1 F v OB/ DONT, &
T A FEDS MR35 i A B3 Ui,

$0(I0) 1 + vz 2w Tk, Tabled iIds\ s Tk D4 Bltb % 5 % 7-fl kR (ID=1.50 M, Z(L
Ay A=150M OBEEE AT, ZOHRET, C2FAHFALT A PRI -7 m it
AT o A4 FOSEHE, FhFEh D=175 D=0.088 T#H -z, K 1D 1 4 viZDnTid,
Fig.2 o5 — 2 %2 L1z,

R AR BRI X 0, BHErA 7 7 A N5 HT 28 50% By 7 7 4 FOL
fE% Craig 0 X » THHBE I kRN & » TEHEEX T - 7o,

1 7
Tor =it (13p) 2
8, Tar Z BB LI 22 LEBED r BEHEOBLH 2BEOLBHCKTHEETH S,
WE, PRIEEE n=10, HIHE O r=10 OBE DOV THile » kil f %, Fig 1511,
Fig. 15X 0, $RID A A v A @3 25B 7 v~ /57 4 —C X W E[FILT 7 4 FO5

log Kcu-L-pys 4.23 352 291 —
log Kug-L-pys - - — 5.19

Le0O |-

3,00 L

Stability constant (log K)




178 TR - Uy Wk - RERE - RPE— R RS 14

0.6 100 O
extraction reagent : CuBra
0.5
80
1: D-17.5 )
ol b 3 : D=0,088 o
) 60 |-
Q9 e
a 0.3 2 : DA1,7
e
33
o -
o R
5 0.2 g
A g
5 T
= ©
“ Ko
o +£
2 0,1 L <}
o .
o
o
o
o
E 0.0 [ 1 f 1 20 [
G
° 0.3 extraction reagent : Hg(CHaC00)=z
=1 . -
g 1: D=2,2  2: D=1,7 3: D=0.75 -
9] ! 1 1 ! ! Il 1
0 2 L 6 8 10 12 p i
[Bc7] added / [cu(11)] total
Cu{11)=0,50 M const,
Fig. 16. Effect of bromide ion on the

distribution ratio for DMS

$ube: junber HEMATRECTH 5 = &b o i, THIZH LT,
B m e an KELAD A 4 v Oy, #1754 FEEHICs
Fig. 15. Discontinuous countercurrent M5 B e D SR RL TS, L

distribution extraction curve

N T, I s+ visr~1r2737 4 —HD
HEHE LTHENTE D, KEEUID A+ iy 7 » A FESEE N3 58 108 B ok
HHECHDHZ LWL ETR o T,
ek, 3.4 TN T =4 voRBIiAD) 1A vEBEEME LGB RS T5T 4~
WEoTH7 sy FEXENSE 256, FHCEREL- T3, Fig. 16 10RT X 512,
T ALy 7 ADREENZDHILICLD, FEOGRENAEONDEVGIFIEE L -
Tuwb, Fi, EERFRE~120v A7 » 4 FEOSENCAE BRBEHELS R 7S ETu o
ZEMD, MID—BHESEGAVEEMHET LD, FALDYAT » A4 FOSMELTHEE
Er2 bbb,

4. #

i+ 7 > A VEEEICHEE - ERETAH0HORME LT, EBE&REA AV L
77 A FEOEBREIGEFIA L, BRHFOF L7 > 1 FOMBEEESE N 4 v 2 CTfT
Too TofEl, d~dPBTHE ED2ERBREB A A VYNERTHD Z L0 I,

RO R, EHHPRO S 74+ VIL I BROFEEDORV B IO 7 =4 VIT L 3K
R 530 A+ v RIS LT taE s 2 L 2R LS, fodks, A UID 14 vz
ST AT A v O BERBH LR, I UVABBLABOEFT AL - CTHE NS Z &
Hhr oI,

]



15 EREBIRERT X D84 v L&Y O 179

B

EBI, BEBEBA L V—FA 7 5 A4 FEKROHEBITOWT, SESEHR E Job oLl
WL X o THRET LIRS, WIFRoFHRIZL - T, [Me] : [RS]=1:1TH 5B Z &avbin- o,
i, BHEOREEEROMOREIOIHF &, TAEHD A + v OIAE4 58 & OhliH 1o JEF
BLO NS v AR BOIEF X X KB 5 2 a1,

ek, T=AvoREerFBETAr iy, HRs7e~ 574 —RIDYALT 5 A F
oS MR T 5%, TOBMEUAEECEILIE B HEEOH S 2 LXMW LI,

& & X M

1) W. F. Faragher, J. C. Morrell, G. S. Monoroe: Ind. Eng. Chem., 19, 1281 (1927).

2y J.S. Ball: U. S. Bur. Mines, Rept. Invest., 3591 (1941).

)y J. H. Karchmer: Anal. Chem., 26, 271 (1954).

4) S. A. Birch, D. T. McAllan: J. Inst. Petroleum Tech, 37, 443 (1951).

Y} R. Emmoff: ibid., 39, 695 (1953).

) R. H. Hopkins, H. J. Colemon, C. J. Thompson, H. T. Rall: U. S. Bur. Mines, Rept. Invest.,

6458 (1964).

7y W. L. Orr: Anal. Chem., 38, 1558 (1966).

) W. L. Orr: ébid., 39, 1163 (1967).

) Py MR R, BRI, AR A dr b3, 18, 1487 (1969).

10) R4gIRE, Wy Mgk, WRFK: bid, 19, 1376 (1970)
)
)
)

bt
-

R. G. Pearson: J. Am. Chem. Soc., 85, 3533 (1963).

R, SBIER: VIR S BT IE”, p. 41 (1959), (L)

“Stability Constants”, special publication, No. 17 (The Chemical Society, London).

14) L. E. Orgel: J. Inorg. Nucl. Chem., 2, 137 (1956).

15) F. Basolo, R. G. Pearson: “Mechanisms of Inorganic Reactions”, 2nd Ed., p. 421 (1967), (John
wiley and Sons, Inc., Now York. London. Sydney).

16) EEHCF “AME v - r (L2, p.o 23 (1969), (BIILEL).

17) L. C. Craig, D. Craig: “Technique of Organic Chemistry”, Vol. III, Part I, 2nd Ed., (1956), (In-

terscience Publishers. Inc., New York).

—
[3°]

—
S



