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Rbstract: The present article includes the results of spectrophotometric in-
vestigations of the composition and thermcdynamic stabilities of some tramsi-
ticn metal chelates, (M(II)-Chloranilates], where M(II) refers to Co(il),
Ni(II) and Cu(II), in ethanolic—water mixtures 50% w/v.

The results of the studies of the interaction of chloranilic acid with
the hydrolysed state of Co(II) are also reported.

solid chloranilates were also prepared and some of, their physical
properties are discussed.

Introducticn

Various methods are reported ¢(1-8) in which coloured organic reagents are
used as chelating ligands for the determinations of inorganic transition metal
cations. The use of chloranilic acid, 2,5-dichloro-3,6-dihydroxy 1.4-
benzoquinene, Ch.R., &s an analytical reagent in inarganic chemistry is
well known,(9) It is reported that the acid is used for the determinatiocns of
certain metal cations,t10-13) References are given for the application of
various metal chloranilates for the spectrophotometric determinations of a
number of anions. Thus, mercuric chloranilate has been used far the determina-
tion of chloride ions (14} and strontium chloranilate has been proposed for
the determination of fluoride ions, (15 Data on the semsitivity of the method
for these anions and the sulphate anions is reperted.(16.17) The applicaticn
of this acid in the field of microanalytical determinations of secme organic
conpounds and drugs are reported.{1®8) The acid is also used in blood serum
test in disease.(1%.,20) .

EXPERIKENTAL

. Chloranilic acid (Merck) was recrystallized from ethanol before use m.p.,
305°C, The chlerides used were A.R., reagent grade.

Sclution of M(II)-chloranilates were prepared by mixing the apprupriate
amount of M{II) chloride solution in water- ethancl mixture 50% w/v with
that of the acid. Tbe pH value was adjusted to the proper value.
Spectrophotometric measurements were carried qut after ten minutes of mixing,
as this period was found to be sufficient.

On studying the chelation of the hydrolysed state of Co(II) with Ch.A., a
series of 6x10-4 M sclutions of Co(Il)-chloride adjusted at different pH
values and aged from 24 hours to one month were prepared then the addition of
equal volumes of 6xi0-4 M Ch.A., solution, adjusted at the same pH value was
performed. Absorbance were then measured as a function of pH and aging time.

The general method used for the preparations of solid chloramilates in-

volved the addition of an ethyl alecahol solutien of the acid to that of the
transition metal chleride, applying the mole ratios 1:1 and 1:2, The solid
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chloranilates separated out were washed several times with ethanol. Elemental
analysie (Table 1} indicated that the reactions proceed in the mole ratio 1:1
anly.

Spectrophotometric measurements were carried out on a Perkin-Eimsr Lambda
4B and 1B, specord UY-VIS spectrophotometers, uaing 1 cm quartz cells in an
air- conditioned Laboratary at 25°C. pH - adjustments were perforred using
Breoadly-James—Corp model U.S.A., pH-meter with a combiced glass—-calomel
electrode. X-ray diffraction analysis was carried out by neans of a PHILIPS
tyce 1390 X¥-ray powder diffractameter using a Ni-Filter anrd Cu,K radiation.
Otber measurements were carried out as menticned before. (21}

Graphica were drown using computer nodel Microcat peraonal cemputer

Results and Discussiops

The interactions between the transition metal cations, M(1II} where FK=Co,
Ni and Cu with Ck.A. were studied spechrophotomstrically. The stoichiametry of
the formed chelates were determined applying the psthod of continuous vario-
tiens (22.23), the pole ratio(?4)and the =sldpe ratic methods.¢2%) The acid
reacts with M(II} in 50% w/v wvater—ethznol mixture, to give adducts shich cbey
Beer's law and absord in the ultraviolet and vizible regions. The addition of
water-miscible organic solvenl increased the sepsitivity of the reaction.Tt is
reported that (26.27) gethviceliosolve apd ethanol were found to be useful
solvents, The examinstion of the epectia in the wvizible regian is restricted
to ccncentrated solution due to the low absorption ceefficients. As the
solubility of tha formed chelates aze low, henc» it was decided to utilise tha
absorption peak in the ultraviolet region sc that one can uee dilute salu-
tions.

A shift of the paxica sbsorption band due to chelation was ohserved., The
results achieved are summarized in Table {2,3) and (2), The data obtained on
applving the threa methods mentioned indicate the formation of emuimolar che-
lates with the thrze tranaition metal cations studied. These chelates arxe
stable in the pH range recarded in Table (5).

Figures (1A, 1B, 1C & 1D} wece obtzined when the containuous varistionz
method was carried out for Co(II), Ni(II} apd Cu(lI) applying the total molar
concantrations as indicated in the figures. The spectrum of dilute water-
ethanclic solution of Cu{lI1)-Ch.A. of total molar concentration of 8 x 10-4 H
indicated change in the (U.V.}, region, where * 54y was foued to occure at 353
o, On studying Job's method of coptinucus variations using the same tetal
nolar concentration and plotting the values of the ahsorbance as & function of
the mole fraction of Cu(II)-Ch.A. chelate. The results revealed the possible
formation of two maxima at mole fractions of 1:1,2:1 [2Cu(II)-Ch.A.] Fig. (1D)
The intensities of these two maxima are neariy the same. This may be.related
to the relative stabilities of the different chelated compounds in the resc~
ticn mixture at this conceptraticn. On using more dilute sclutions of total
molar concentration of 6x10-4 M a more deformed curves was obtained, But when
the total molar concentration was raised to 10-3H the result as shown in
Fig.(1C) indicated the formaticn of only ocne chelate of the mole ratio 1:1,
Similar results are reparted. (28}

The results abtaiped from the mole ratio method and slope ratio method
are indicated in Figs.(2) and (3). In both cases the results revealed the for-
mation of 1:1 chelates. .
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The stability constants of the chslated compounds were computed from the con-
tinucus variation mathod.¢2%2Thjs method is the most widely used dve to its
simplicity and rapidity. The rsqnlts obtained are aummarized in Table (6).

Spectrophotometric studies of the interaction of chlcranilie acid with the
hydrolysed state of Co(II)

This studies were carried cut to investigate the effect of variations of
the pH and aging tire on the chelation of the hydrolysed state of Co(ll). The
spectra of the solutions of the hydrolysed state of Co{II)-chelate after being
aged for one, two days and a month are given in Figures (4A, 4B, 4C, 4D & 4E).

: 2 comparison of these spectra with the absorbance - pH graph for a fresh
solution of the chelate (Fig.4A) revealed that no change was obvious when the

solution mixtures were aged for one day. This means that one day was not suf-
ficient enough for the hydrolyasis of Co(II)-chelate., On the other hand, a new
maximum appeared in the case of all other spectra. It was observed that all
aged solution mixtures have their highest absorbance at pH B, except for those
aged for two days only. This high value of absorbance is presumably due to the
complete oxidation of Co(Ill) with the oxygen of the air in alkaline meduim to
give Co(III) which reacts with the acid to give the stable chelate that ab-
sorbs at a new wave length.

It is worth mentioning that at higher pH values (9,10) however, the ab-
sarbance of the molution mixtures decrease. This may be attributed to the for—
mation of Co(IIl) hydroxide, thus lowsring the extent of chelation with the
acid. .

The absorption at the new *a,x ~ 215 nm has its highest values in the
case of the sclution mixtures aged for one month. Thus it is concluded that
one menth is a sufficient tire for the oxidation of Co(II) - to Ca(IIl) which
leads to the formation of a stable chelate of the tervalent state at pH 8. It
is to be noticed that for all aging time the spectra of the solution mixtures
indicate the presence of characteristic band at 356 nm wich indicates the
coexistance of Co(II)-chelate in these solutions. However the intensity of ab-
sorption maxiumum is lower than in the case of the fresh solution mixtures.
This explain the partial oxidation of Co(II) to Co(IIl) siate and the
stability of both chelates in this solution

Infrared spectrometry:

The most interesting change in the infrared spectra of pure chloranilic
acid as a ligand and ita chelates with Co(Il), Co(III), Ni(II), and Cu(II) is
that the bands at 1760 and 1630 cm-! which appear as a doublet in the spectrum
of the pure ligand, assigned to the stretching frequency of the C=0 groups are
shifted to the lower frequency and found to be at 1500 cm-!, in the spectra of
Co(III), Co(Il} and Ni(II)-chelated compounds and at even lower freguency,
1480 em-1, in the case of Cu(ll)-chelate.

A lovering of the fregquency of the predominatly C=0 stretching mode of

carbonyl groups of the ligand upon chelation is an evidence that the donor
site is the carbonyl oxygen.(30-33) Similar values are reported.(34) The The
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The spectra indicate no splitting for the-carbonyl bands which indicates that
both C=0 are coordinated to the metal cations and the donor behaves as a
bidentate ligand. (35»

The H-0 bands in the spectra of metal chlaranilates, where M=Fe(III) and
Cr(IIl) complexes have been reported (35) to appear in the range of 530-580
cn~!. In the present studies the Co(II}-0 band appears at 570 cm-1 that for

~ Ri(II)-0 band appears at 530 cm~1 and the Cu-0 band appears at 530 cm-1, This

indicates that the strength of the metal oxygen bonds are in the seguence
Co(Il) and Co(III)=Ni(II) > Cu(Ii).

Thermoqravimetric Analysia:

Data for the thermal decamposition of chloranilic acid and ite cobalt,
nickel and copper chelates are recorded, in Table {7). The results of the
thermal deccmpoaition of Ch.A., (M.wt. 208 98) indlicate a decrease in we:.ght
presumably due to the less of two -0F groups by heating up to 218°C. This is
followed by a sudden decrease in weight on heating from 265-350°C, which is
actually due to sublimation. the sublimation point of this acid is 266°C, (37>

MC1:,Ch.R,,2C2Hs508 chelates start decomposition on gradual heating with
the loss of ethanol molecules. Similar behaviour has been reported. t38) The
chelates decompose on further heating with the loss of the ligand molecule
presumably by sublimation. Further heating im accompained by great decrease in
weight with the concomitant formation of the metal.

X-ray spectroscopy:

A survey in the ASTM (39} revealed that X-ray studies ars recorded far
CoCl;,6Hz0, NiCla,6H20 and CuCls "anhydrous", but no crystal structure studies
have been made for chloranilic acid. In the absence of such information, we
can only make qualitative comparative comparison between the X-ray spectra of
Ch.A., and its Co(IT), Ni(II} and Cu(iI)-chelates which is based on the number
and sharpness of lines present. Figa. (5A, 5B & 5C) show the X-ray analyses
for the mentioned chlorides, chloranilic acid and its chelates, It is obvigus
that there are difference in the gumber of the lines end their intensities as
vell as the d-spacings in the case of the Ni and Cu-chelates more crystalline
than that of Co-chelate.
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Table (1}
Elemental analysis of C, H, for M(II) thloranilates
; Found (%] Caic, (4]
Milll-chloranilate ¢ H Formula . H
1-Ch.A.,CoCl,,2C,H,00 27.4 3.1 cwuuciﬁoﬁf:o 21.8 3.2
2-Ch.A.,N1Cl, ,2C,H, 04 28,3 3.4 CioM Bl 0Nt 27.8 3.2
3'Ch.“.,CUC1..2C.H’0H 26.9 3.0 C'IOH‘IQClkoﬁcu 27!5 3-2

Table (2) ,
The values of absorptian spectra of 50% v/v ethanolic-
water mixtures of ColIl}-chelate.

Species Reglon I }ian(nl) £ H"g-':
= Col(lD) u.v, i78 15 “x 10%
Co(II) VIS, 89 41
Ch.A. u.v, - 200 1.4 x103
Ch.A. vIs. 330 4.4 x 1o
3
Co(II)~Ch.A. U.v, 356 87 x 190
Tablg (J)
The values of absorption ﬂectr‘a of 50% v/v ethanolic =~
water mixtures of Ni{TT}_chelate —
Specian Reglon ‘\n. {(nm) M ca
Ni(Il) u.¥. 341 73
5
Ch.A. u.v, 300 1.4 x 10
Ch.A. vis. 530 4.4 x 10 .
¢ 360 10.5x 10°
Ni(II)-Ch.A. LU.v. ‘
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Table (4)

pectra of 5C% v/v etranolic-

£ 1 4

Spezias Region b {nw) Hem |
R
Cu(Il} u.v. 317 20 .
7.
Ch.A. u.v 300 1.4 x 10
Ch.A. VIS, 530 £.4 x 10
Cu(II)=Ch.h, U.V, 53 10.4x 10°
Tahlels)

Values for the absorption spectra of S0% v/v ethanolic - water
mixtures of M({II}- chelate at dirferent pH- values.

Co{II) Hi{IT} Cu(II}
pH A pH i pH §
2.2 !:3 4,0~7.0 2.4 3.0 0.3
2.6 1.75 '?.7_-—8.0 2.5 4,0 0.7
21 1.80 9.0 2.65 5.0 0.8
3.0 2.4 6.0 0.99
J.6 3.35 5.50 1.40

5.5-7.7 3.4 6.80 1.70
' 7.0-7.5 1.90
Where, A: Absgrb&nce“}'ablefsl_

Formation constants of some transition metal chloranilates chelates

MIL) (A e ™ | O D, K, Ko OHF° (K cal)
Gl | 36 | 058]052) 5.2x10 [1.2%10 | ~5.5
NI | 30 [ 0.47[0.4] 13x 101750x10 | =6.7
Q1) | 353 29 |1.6{ 21x1 [483%x10| 5.0
g Ty _.d‘

UNiv. CoLL. Ann. Rev.

Vol 17 (1992).

-89...



% Univ. Coll. Ann. Rev.
K Vol 17 (1992). TIEL

Thermal decompositlon of Ch.A., end {ts MiIl)-chloranilates.

1- Chloranilie acid, (C K,C1,0)

20 208.93 C,H,C1,0, 208,98
' 20-265 179 ¢,c1,0, 174.9
218-350 - Sublisation -

PRI R ——

2- Ch.A..CoCl, ,2C, K, OH

' 20 430.8 oA, 00, T HO  430.8

20 - 286 339,65 Ch.A..CoCl,  338.7
) 266 - 372 133 coCl, 129.9
652- 929 57 Co 58.9

3-Ch.A.,NiCl, ,2C,H, OH

.

20 430.6 . QA MO0 430.6
20-332 338.4 Ch.A..NiCl, 338.5
704 -242 60 NI 58.7

‘ - Ch.A..CuCl ,2C, H,OH

20 : "435.5 Oh. 00, O HO  435.5
10—3‘2 3‘3- Ch-h- ICUCI‘ 3‘3-
560 - 630 . : ) 130.2 CuCl, 129.5
750-800 - 19 Cu §3.5
Whers : M = The observed polecular weight.

"caJ. = The calculated molecular waight.
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