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Introduction

Recent studies have shown that the solutions of the salts of polyvalent metals often contain
not only free ions and undissociated molecules, but also diverse intermediate ionic species.?
For a number of cations, the formation constants of associates have been determined,?
for several, formation constants of successive steps with anion,3:4 but relatively few for
mixed ligands complex.5.8) The interrelationship and utilization of many determination
methods of the formation constants about successive steps have been described in several
excellent papers, some”8 rely upon the measure of the concentration of either the free
ligand, free metal ion or a particular complex ion, the other® described by Newman etc.,
the measure of the extinction coefficients and ligand ratios. Newman computation technique
is an exceedingly attractive approach in that the technique can be applied not only to single
ligand complex, but also to mixed ligand complex. In this paper, successive formation
constants of chloro-bromo mixed ligands iron(III) complex was calculated, based on different
assumptions. There are a number of works about halogeno iron (III) complex.!®. 117 and jt
is already reported that in aqueous solution, several methods such as solvent!?).13).14.18) ex.
traction and ion exchange proved for the highest halogeno iron (III) complex to be FeX’ and,
that in its ultraviolet and vissible spectrum, three miximums are recongnized. It was also
found that the highest halogeno iron (III) complex was formed only in high concentrated acidic
halogenic solution and, with increasing of the concentration of halide and acid, the more of
the highest halogeno iron (III) complex was formed. The method employed in this study was
in principle the same as in Newman’s works, but several determination equations have been
rearranged conveniently. We have studied the spectra of iron (III) in chloride bromide mix-
ture in which the total halide concentration was maintained about 10000 times of iron (III),
and the concentration of perchloric acid, 7 M. The ionic strength of the solution was adjusted
to 8.0 M with sodium chloride, sodium bromide and perchloric acid, which according to
other workers were sufficient to maintain practically all the iron in its most complexed state.
It also can be seen from the figure that shifts in the spectra take place when cloride replaces
bromide or the converse occurs. As chloride and bromide are most like each other, we
applied computation equation for mixed similar ligands complex.

Experimental

Materials and aparatus.- The stock solutions of iron(III) were prepared as follow.

Ferric perchlorate was formed by dissolving proper amounts of electrolytic iron in
hydrochloric acid, oxidizing by hydrogen peroxide (30%) and evaporating the solution
until the crystal appear. After perchloric acid was added to dissolve the deposit, the solution
was evaporated again. The procedure was repeated until the solution gave negative test for
chloride and iron (II) ion. The concentration of iron (IIT) stock solution was 0.7 X101 M.
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Each stock solution of 5 M sodium chloride and 5 M sodium bromide were prepared with

dissolving and filtering Wako special grade reagent materials.
Spectrophotometric measurements were made with Shimadzu Spectrophotometer QR-50

with 1.00 cm, sillica transmission cells.

Results and Discussion

General characteristics of the absorption curves. -The absorption spectra of solution
containing 104 M Fe3* at various conceutration of halide and perchloric acid were measured
against a blank containing each concentration of halide and perchloric acid. It can be seen in
Fig. 1, 2, that one or two absorption peaks are present in it. The spectra in high concentra.
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Fig. 1. (a) Absorption Spectra of Iron (III) (b) Absorption Spectra of Iron(III) in 7N-
in 1N-perehloric acid and various con- perchloric acid various concentration of
centration of sodium bromide: 1. IM sodium bromide. 1. 0.3M NaBr 2. 0.6M
NaBr 2. 10-‘M NaBr NaBr 3. 0.9M NaBr 4. 1.2M NaBr
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Fig. 2. (a) Absorption Spectra of Iron(III) (b) Absorption Specra of Iron(III) in
in 1N-perchloric acid and various con- 7N-perchloric acid and various concent-
centration of sodium chloride. 1. 1M ration of sodium chloride. 1. 0.2M
NaCl 2. 10-1 M NaCl 3. 10-2M NaCl. NaCl 2. 0.4M NaCl 3. 0.6M NaCl

4.0.8M NaCl 5.09M NaCl 6.1.0M NaCl

tion of halide and perchloric acid resemble very much to those published by Metzler!?,
Gamlen2® and Ishibashi!®. !9, In Fig.3 are shown the changes in absorbance at a given
wave length aginst the concentration of halide at 7 N constant acidity. Apoarently it would
appear that in the atomospher of 7 M perchloric acid and 1 M halide, most parts of iron is
in FeXy. It can be also seen from Fig. 4 that FeCly converts to FeCl,—,Br , and FeCly .,
Br .+n etc, when chloride replaces bromide at constant concentration of halide.

In attempting a study of the bromide complex of iron (III), it was found that bromide

was oxidized to bromine in presence of perchloric acid.
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Fig. 4. Absorption spectra of 1.2x10-4M solutions of iron(III) at ionic strength of 8 M, each
solution being 7N in perchloric acid and 1M in halide (Sodium Bromide plus Sodium
Chloride). Bromide per Chloride ratio corresponding to the individual curves, 2:19, 4:9.0,
6:5.6, 8:4.0, 10:3.0, 12:2.3, 14:1.8, 16:1.5, 18:1.2, 20:1.0, 22:0.81, 24:0.66, 26:0.53,
28:0.42, 30:0.25, 32:0.25, 34:0.19, 36:0.11, 38:0.05,

Its effect is not always negligible at relatively high temperature. Particularly, when
bromide was low ratio to chloride, is it inevitable. Therefore, the formation constants of
the first and the second steps are not so precise as the third and the fourth steps.

. Calculation Equation of Mixed Similar Ligands Complex.- If mixed halide ligand is
added in great excess compared to the central stom, in solution following equilibria are
formed,

FeCl,Br 4., +nBr =FeBr; +nCl”~ (1)

FeCl,+.,Bri-, -+ mBr=FeCl,Br.,-+mCl~ etc. (2)
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In each step, the formation constants are defined as

_ [FeBry J[Cl ]»
Kq [FeCl,Br 4-.][Br ¢ ‘3

__ [FeCl,Br 4 ,][CI )™
Rt = FReCLoBr o (Br ™ (4

The most complicated case is for all species to be absorbing then,
A=E,[FeBr 4] +E; ,[FeCl,Bri-,]+---Eo[FeCl,] (5)

A is the absorbance for mixture of many species and E is the extinction coefficient for a
particular species.
In a given experiment, total concentration of central atom added is

Fet=[FeBr 4]+ [FeCl,Br 4-,]---+ [FeCl,] (6)

Neglecting unnesessary clause, and combining each formula, we could obtain following
used determination egquations refering to Newman works.

Determination of Formation Constants.- For high bromide to chloride ratios, only one
mixed ligand complex should be formed, if long enough wave length were selected, then,
the formula,

=n IOgEglr:]J — log K4 (7)

log E4F€;§— A

for the mixed ligand system of two species present with one absorbing should hold. Appli-

cation of this equation to the data at 570 mu gave a straight line plot as indicated in Fig.5.
From the slope, the value of n was found to be unity, and the following reaction must
be taken place

FeClBr 3+Br =FeBry, +Cl1~

_ [BeBr4J[Cl ] (8)
*~ [FeCIBr. |[Br |

K

where K4 is 0.29. In Table 1 are presented the value of Ky at various wave length.

Table 1 The value of k4

_[([ﬁ at various wave length:
&i&] 1,'5 2species labsorbing

wave length (mu) k4

> 570 0.29

N 565 0.26

R 560 0.23
; \ 555 0.27

Fig. 5. Determination of formation con-
stant, k4 for the reaction, FeBry +
ClTSFeCIBr 3+Br ; 2pecies labsorbing
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Over all wave length, the eqnation for two

. . . 15 520 MM
species and both absorbing may be applied. [
8 04‘1_ y'/ /// 560“}(4(
" In =) | . './,/'/'
A-K([EFet—AlC +EFet  (9) £ ,
_2 2y T
Also application of this equation gave a straight < ,11}/ T
line plot as indicated Fig.6. From the slope we L - ‘ v
could obtaine 0.23 for Ki. The results are shown 0 05 s 20

in table 2. Further replacing bromide by chloride, (EqFet—A) LBr]
forming two species of mixed liagnd complex, (CL]

. . . ig. 6. i i i -
for three species, we can applied the equations. Fig. 6. Determination of formation C(,m
stant, k4 at wave length for 2 species

2 absorbing.

Table 2 The value of k4 at various wave length.; 2species 2absorbing.

Wave length k4 EsFet l Wave length ky ; ESFet | Wave length k4 J EsFet
570 0.23 0 ' 530 0.23 i 0.050 485 0.20 0.230
565 0.24 0 : 525 0.22 % 0.060 480 0.22 0.249
560 0.23 0 520 0.23 ‘ 0.070 475 0.23 0.270
555 0.26 0 515 0.22 | 0.110 470 0.23 0.355
550 0.22 0.010 510 0.22 : 0.130 465 0.22 0.480
545 0.20 0.020 500 0.23 0.150 460 0.21 0.650
540 0.20 0.035 495 0.22 | 0.220 455 0.24 0.725
535 0.20 0.040 490 0.24 ‘ 0.240 450 0.26 0.955

for 3 species 1 absorbing for long wave length

[(Br 1.

Ki(EFet—A) == —A 'B -
log( A Len ) =m log %@f——% — log K3 (10)

for 3 species 1 absorbing for long wave length

(11

(E4Fet—— A> [Br 1 1 [Cl]m L1
A [CI7] KiK;[Br ™ K,

and for 3 species 3 absorbing at wave length FeBry, FeBriCl™, and FeBr,Cl . absorbing

[Br—] m
[Cl_:l m

[Br ]

Wl‘—j — A+ EsFet +E4- . -nFet (12)

A= I§3 LK4(E4Fet —_ A)

From the slope of a logarithum straight line plot for three species and one absorbing, we
can obtain unity for m., Application of three types of equation is shown Fig.7, 8, and 9,
and so 0.5 for K; could be obtained.

Table 3, and 4 show these results.

Further more replacing bromide by chloride apparently from Fig.4, the complex,
FeBr 4 is not recongnized in spectra, then, we can apply the equaticn of 3 species 3
absorbing for FeBr;Cl~, FeBr.Cl: and FeBrCl 5, and, shown in Fig.10, 2.5 for K. was
obtained for unity complexation. Table 5 shows these values.

Replacement of Chloride by Bromide.- In order to determine the formation constants for
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Fig. 7. Determination of formation constant, k4
for the reaction . Fig. 8. Determination of k3; 3 species
FeCl Brs-+Cl' Z2FeCl2Br “+Br~ 1 absorbing
; 3 species 1 absorbing.

AR
Table 3 The value of k3
at various wave length:
8 oa- _ so0mu 3species labsorbing
= -
o e 540 mu
'12 e Wave length (mp) Ks
8 Pt
o 02+ e
< ” /?‘ 565 0.63
- 560 0.65
o e 555 0.56
0 02 04 06 08 10
(B ¢Br 550 0.52
. rl r
[k4(E4Fet A)—“ECIJ A+E3Fet]—tcu 545 0.47
Fig. 9. Determination of k3; 3 species 540 0.45

3 absorbing

Table 4 The value of ks at various wave length: 3species 3absorbing

Wave length (my) k3 EqoFet Wave length (mp) ks EgFet
540 0.47 0 500 0.40 0.C88
535 0.45 0.015 495 0.40 0.105
530 0.46 0.016 490 0.40 0.128
525 0.48 0.020 485 0.44 0.165
520 0.50 0.035 480 0.52 0.180
515 0.48 0.035 475 0.64 0.236
510 0.38 0.040 470 0.58 0.335
506 0.40 0.050 465 0.47 0.350

the replacement of chloride by bromide, the data for high chloride to bromide ratios were
utilized. When FeCl ™, converts to FeClsBr , shifts in spectra are recongnized. Application
of the equation for 2 species 2 absorbing gives 2.5 for Ki, the linearity showed unity for
m, as shown Fig. 11a and 11b, table 6 show the results. Samely, replacing bromide by
chloride the equilibrium was found to have K,-»=XK: of 1.8, the value was relatively same
as the above mentioned value and the summary of these value are showed in table 7.
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Table 5 The value of ks:
3species 3absorbing

Wave length (mu) ke

470 2.3
456 2.6
455 2.7
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(b) Determination of f3 for the reaction
FeClsBr™ +2C1" Z2FeCloBre”+2Br”
; 2 species 2 absorbing
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Results.-

It has been shown that when chloride and bromide were added in various ratios to
iron solution containing 7 M perchloric acid, three mixed ligands complexes FeBrsCl ™,

FeBrCl;, FeBrCly are formed in equilibrium with the parent complexes FeBr 4 and FeCl 4.

Table 6 The valne of ki: 2 species 2 absorbing

Wave length (mgu) ki E|Fet Wave length (mu) ki EiFet
460 2.6 0.260 425 2.7 0.575
455 2.5 0.295 420 2.8 0.650
450 2.3 0.340 415 2.9 0.710
445 2.7 0.375 | 410 3.0 0.765
440 2.9 0.420 f 405 2.8 0.810
435 2.7 0.464 l 400 3.1 0.362
430 2.9 0.500 |

Table 7 The value of kg: 3 species 3 absorbing

Wave lenghl (mu) ke ~ EoFet H Wave length (mu) ko EqoFet
455 1.8 . 0.457 | 425 1.6 0.800
450 2.0 | 0.530 \ 420 1.6 0.840
445 2.0 0.575 | 415 1.6 0.895
440 1.6 1 0.650 ’ 410 1.6 0.942
435 1.8 i 0.675 405 1.8 0.980
430 1.8 | 0.743 | 400 1.8 1.280

We obtained ‘next values for stepwise formation constants of chloro bromo mixed ligand iron
(ITI) complex as a results.
FeCly™ +Br S FeClsBr—+C1™

_[FeCl3Br—][C17]
[FeClys—][Br—]

FeCl3Br~ +Br 5FeClBras +CI™

— [FeClaBry 7] [CI]
[FeClsBr ][Br™]

[FeClsBrz +Br FeClBr;~+Cl™

3_ [FeClBrs J[Cl™ ]
[FeClaBrs J[Br ]

FeClBrs +Br EeBrs +Cl1™

= [FeBrs J[C17]
[FeClBrs ][Br |

The author wishes to express his appreciation to prof. Dr. yuroku yamamoto of the Hisoshima

K1 =3+0.5

K> =2.5+0.5

K =0.5+0.1

=0.34+0.1

University for his kind guidance and to Miss. Yasuyo Shintaku for her earnest assistance throughout

the investigation.

# i3
PUBBHRRATIC 5O THIMBIC LOOWIR 35 & TOREORNE $I1C [FeClJ2%, [FeCla) *,
WAERT e $kOIRICHER, SLLKRRARN [FeCls]?, [FeClly]™ ‘5D oastks Btk LD



P50 B IR Wod 23 MRS A TELE LI 2 < 7 b v
DIV 7 gy R BRI S L
UYL, BLF E Y AT A TL D Y T
MR Z AEkD CI, Bro FMUIZ LT HHETELE
DEBIREL—EBRED a7 VFE BT
BIETEEE DN & IS T ik o 47 v WAL S A FRk
T Do TALODREUYN S REVERE AR AR TN, 3
L bV YL, SUbF Y O ADGRES IM I
522 ClI7 it Br DA p 7 fo BRI A R
PETERICHGEL, 7 oo 7 o= RO HAD
TR EBCE G Lk O A1 2o

FeCly +Br ZFeClsBr +CI™
[FeCl3Br J[C17] _ 3-40.5

[FeCly 1[Br™}
FeCl3Br~ +Br~ 5 FeClsBr2™ +CI™
_[FeCliBry J[CIT]_p 5,0 5

K;=

[(FeClsBr [[Br |

2 & X W

1) Zonimir Pncar Anad Chim Acta 18
290 (1958)

2) Stability Constants of Metal ion complex
London, the chemical society Burlington
House 1958.

3) E. Rabinowitch and W. H. S tockmayer, J.
Am. Chem. Soc. 64 335 (1942)

4) K. A. Kraus and G. E. Moore J. Am. Chem.
Soc 75 1460 (1953)

6) E.E. Aynsley and W. A. Campbcll J. Chem.
Soc. 832. (1957)

6) L. Newman and D. N. Hume. J. Am Chem.
Soc. T9 4581 (1957)

7) J. C. Sullivan and ]J.C. Hindman, J. Am.
Chem. Soc. 74 6091 (1952)

8) Buddhadev Sen Anal. Chim. Acta
515 (1962)

9) L. Newman and D.N. Hume. J. Am. Chem.

65

FeCl;Brz” +Br  2FeClIBrz +Cl1™

_ [FeCIBrz 1[C17] _ ;
Ky~ LFeCIBrs 1[CI7] _ 5,4
¥ [FeClyBr2™] [Br™]
FeClBrs~ +Br~ Z2FeBry +CIl™
_ ~[FeBI\i”j [_CL] - =0.340.1
[FeClBrs ] [Br ] A

Fr OIS CIT B X Br™ M3l & DT
IZBOTIAT Mo [FeCly]™, [FeClsBrl™,
[FeCl:Brs]~, [FeClBrz] [FeBra]™ &:ADTE(%
Zeal B U2 L AT IBITRT . CofRF 7o F
7 oxgk () &k, [FeCleBra]™ MK AEIC
1EET A5 ATz, U3 CIT BXU Br 238
TLZ b5 v ZZEE U7 BT AL HA DS AR IIT 24
ETH DD R LD T D TRIEWAES
Ao A,

Soc. 79 4571 (1957)

10) M. Ishibashi and Y. Yamamoto Bull. Chem.
Soc. Japan. 30 433 (1957)

11) G. E. Moore and K. A. Kraus J. Am. Chem.
Soc 72 5792 (1950)

12) R.J.Mycro, D.E. Metzler and E. H. Surift
J. Am. Chem. Soc. 72 3767 (1950)

13) ibid

14) ibid

15) G. S. Golden. and H. M. Clark. J. Phy.
Chem. 65 1932 (1661)

16) W. L. Reynolds and R, H. Weiss J. Am.
Chem. Soc. 81 1790 (1959)

17) H. Coll, R. V. Newman and P. W, Weet
J. Am. Chem. Soc. 81 1284 (1959)

18) Brealey. Uri J. Chem. Soc. 20 257 (1952)

19) Harold L. Friedman J. Am. Chem. Soc.
T4 5 (1952)

20) G.A. Gamlen and D.O. Jordan. J. Chem.
Soc. 1435 (1953)



