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Abstract: The present artlele includes the results of spectrophotanetric in­
vestigations of the compsiticn and theryamic stAbllities of some transi­
tion metal chelates, [N(II)-ChloraniLates], where H(II) refers to CoI),
Ni(II) and C(II), in ethanolicwater Mixtures 50% v/v.

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

salid chloranilates were a1so prepared and some of. their physical
properties are dlscussed.

Intrducticn

Varios methcs are reported ،1-٥) in whieh coloured organic reagentA are
used as chelating ligands for the deterinations of inorganie transition aetal
cations. The use of chloranilic acid, 2,5-dichloro-3,6-dihydroxy 1,4-
henzauinone, Cb.A., as an analytical reagent in inrganic cheuistry i

ofكصص vn.«9) Ft is reprted that the acid 1s used for Lbe deterinatiص e]] hن 
certain Metal cations.'10٥-1 ( ذ References are given for the application of
warious Metal chloranilates for the spectrophotcmnetric deterinatiعna of a
number of anions. Thus, mercuric chloranilate Asط been used far the deteraina­
tion of chloride ion14ه ) ana stroatium chloranilate asط been propsed for
the detereination oE fluaride ions.016» Data on the sensitivity of the Methcd
for tHese and كصnioة the sulphate anions is reprted.016.17 Te ر applicAticn
of this acid in the field of micruanalytical detemoinations of sce organic
comصp ds and drugs are reprted.'1 ٥ ر The acid is also used in blcd sهure 
test in disease.€15,2٥»

EIFERINEITAL,

Chloranilic acid (herck) recrystallized هدب fr ethanol befare use m.p.,
305"C. THe hlaridesك used were A.R., reagent grade.

Slution o٤ M(II)-bloranilates were prepared by Mixinو the appropriate
ma untص ٥£ h(II) chloride solution in water- etharol Mixture 50% w/٧ vith
that of tbe acid. TBe pR value was adjusted to tbe proper value.
Spectrophotoretric neasurenoents vere carried out after ten Minutes of mixing,

.this period was found to be sufficientهه 

on studying the chelation of the bydrolysed state of CoUII) with Ch.A., a
series of 6x10-4 M aolutions of Co(II)-chloride adjusted at different pH
alues a dص aged frU 24 hours to one wnth Rere prepared then the addltion of
eual wlue of 6xI0-٩ M Ch,A,, solutiصn, adjusted at the Bame pl value vas
perforued. Absorbance were then measured as a function of pl and aging time.

The general methd used far the preprations af solid chloraNilates in­
volved the addition of ethyl مة alchol solution of the acid to that of the
transition mtal chlaride, applying the wle ratios 1:1 . فn1:2ة The solid
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chloranilates separated out were washed several timec with eصnaht l. ElemeDtA}
analysis {Table l) indicated that the reactiصص s proceed in the Dole ratio l:l
anlY.

Spectrophotomtric teasureMents vere carrie out on a Rerkin-Elaer mbdaله
4B and 1B, specor V٧-VIS Epectrophotrneters, waing 1 c» guartz cella in an
air- conditioned Lصbratory at 25C. pH - adjustents were perfore wsiDg
3roadly-Jaaes-Corp model U٠S,٨٠, pH-Meter with a caMbined lass-calomel و
electrdde. K-ray diffraction lyais مة as cArried out by reAحs af a PRILIPS
tرpe 1390 #-rey poder difEractaneter v3ing A Ni-Filter and Cي F radiatipn.
0tber Meقsurenents vere cدrried out as Bentioed befare.«2 ( ذ
Graphica were dعo using coputer Dcde] Hicracat persصهl caputتer

Results and cuasians= ذلا
The ا« interactioهn betReen th transitio mstal cations, f(II) whEre H=C,

ichitetry afص rophotostrically. The stت ard C with CH.A. were studiei spectزلا 
the foraed cheا ates were deteruined applyiض g thE wethd of cntinuoua warin­
ticns ،22،23», tbe nole rat:o424)and the slope ratio methods.«25) The acid
reacts vith N(II) in 50% w/٧ uateretطقnص l qixture, to give adducts #hich abey
Beer'a las a dه absorذ in the uitraviolet end vi=ible reias. TH addltian of
water-riscible orgيanic solyent increased th Bcnsitivity of the resction.It is
reprted that t26,27) methylceliosolv= and ethanol were found to He uaeful
solvents, The eتa ination oF the epctIA in Ebe viEible reiص ia restricted
to concentrated aolwtion due to the low absorption cceffioients. As the
solubi1ity of tha farMed chelates are io, hencs it was decided t utilise tha
aطsorption peak in the ultraviolet reian sc that An همه ع w eع dilute salu­
tions.

Ahift of the Maxita surpt1o ثة bnd &ue to chelation K3s oعh erve. The
results achievذعe sumقrized in 'Table {2,3) aصd (4), TEe ataة obtained aa
aplyiوم the thres MethRA nenticned indicate the formatiصn of euiular che­
lates uith tbe thrEe transition metal cations studied. These chelates are
sطAt le in the pl range recarded ir Tahle (5).

Figures (18, 1B, 1C & 1} were ohtained when the caatainصu ur wariAtiaN
nd C(II) applying th= total mlarه }etha vas carrLed ot for Co(II), Ni(ilه 

concentrations s ة indicatcd in the figures. The spettr of dilute water­
ethanolio aolutLon of C{II)-Ch.A. of total mlar concentratiهn of 8 w 10-4 M
indicated cطange ±n the {U. ,{. لا ,er ianو whare » s يردم د؟ fouaA to. occre at 353

the ame ttalوص uos variatlons waiص Jab's methal of copti0 وn studyinهه. 
Mlar cncentratlon and plotting the values of the absorbnce as a functian of
the le fraction .C(II)-h.A عه chelate. Tbe results revealed the pssible
foration of tso MضxiMa at a leص fractio f هس ه 1:1,2%1 [26tII)-Ch.8.1 Fig. (1D)
Tbe intensities of these teo maxima are neariy the .aneع This ayم be.related
to the relative stahillties of the d1fferent chelated cpounهd in the reAc­
tion aixture at thIs concentratic. D using mre ailute slutions df total
wolar cancentration of 6x10-4 M e more deformed cuنives was obtained, Bt when
the total Molar concentration was raised to 10-3H the result as Bbown in
F11و.) C) 1ndLcated the farmaticn of y صت1 ane chelate of the mole ratio l:1.
Sini1ar reAults are reprted. «26»

The results abtained fru the mole ratio Methc ndة slope matio Metha
are indicated in Figs.(2) and {3). 1n both aaesت the results revealed ths for­

-atia of 1:l chelatesم 
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The stahility constants of the chelated campurds Kere coaputed fro the con­
tinuaus variation mathad. (29THs Methc is tie most widely used due to its
sirplicity and rapldity. Tbe resuts obtained .are sumarized in Tطa le {6).

Spectrpphptpstric stdies of t eط gf ؤeractio امن HlcraniLic ج aع id  دا، «ها»دt eلإ طit ق

hرdعolysestateofCI)

This studies ere ؟ carried ot to investigate the effect of variatlons of
the ph and aginو tire on the chelation of the bydrolysed state of Co(Il). THe
spectra of the solutions of the bydrolYss state of C{II)-chelate after being
aged for one, two days and a month are given in Figures (4A, ,C ,ط44 4D & 4E).

A coprison of these spectra with the absorbance- ph graph for a fresh
solutian of the helate (Fig.4A) revealed that no change vas obvios vben the

solution ixbures ه ere eged far one day. This means that one day was not suf­
ficient enouو A for the hydrolyais of Co(II)-chelate. 0n the other hand, a neu
maximm appeared in the case of all other spectra. It was observed that all
aged solutian mixtures have their highest Absorbance at pD 8, except fer those
aو ed for two days only. This biو h value of absorbance is presuably due to the
coplete oxidation of Co(II) vith the axygen of the air in alkaline neduio to
give CtIII) vhich reacts with the acid to give the stable chelate that ab­
sarhs at a nev wave le0gth.

It Is worth mentianing that at higher ph values (9,10) hoever, the  aط
sarbnce of the aolutian Mixtures decrease. 2his Day be attribted to the far­
Mation of CtIIE) hydride, thus lovering the extent of chelatioa vith the
acid.

TEe absorption at the neu nm ±مد ه215' has its higheAt values in the
case of the solutioA ixtures ه aged for ane moath. Thus it is cncluded that
one onth ه ± sufficient د م tine far the oxidation fه C(II) - to CtIII) wbieh
leads to the forwation of a le مtطم chelate of the tervalent state at pD 8. It
1e to be noticed that for all aging tine the spectra of the solutian Mixtures
indicate the presence of characteristic band at 356 nm wic» indicates the
cexiatance of Ca(II)-chelate in these solutiقna . houever the intensity of ­ ظة
sorptian maxiumum is lGer thطan in the caae of the freAh solution Mixtures.
TAis explain the partial oxidation of CotII) t٥ Co(III) state and the
stabiLity of bth chelates in this solution

Iصfraredl spectraetry:

The most interesting chAnge in the infrared spectra of pure chloranilic
acid as a ligand and it chelates vith CotIl), Co(III), Ni(II), C(II) غمة is
ht tح the bands at 1760 and 1630 c- which د appear as a d ubletص in the specهurt 
of the pre ligand, assigned t theم stretcbiوn fregueney of the C0 groups are
shifted to the Louer freguency and found to be at 1500 c-, in the specLra of
Co(ILI), Co(II) and Ni(II)-chelated cnpounds aصd at even loxer freguency,

.in the cAse of Cu(II)-chelate«-1480 ,لا

A loRering of the freguency of the predoد inatly C=0 stretching made of
carbnyl groups of the ligand upn chelation iو an evidence that the donor
site is the carbnyl axygen. «30-33) SimiLar values are reported, «341 The Tbe
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The spectra i icateم no splitting far. ths-carbnyl which. ةdaح iقr ±eates that
both C0 are coordinated to the MetAl cationa a dص the donor behaves As a
bidentate liو and. (35»

TEe N- ٥ds صط in the spectra of metal chlaranilates, where M=Re(III) and
Cr(ILI) ccrplexes Have been reprtel ،r36ذ to appar in the range af 530580
c-لا٠ Ln the present studies the CotII)-0 adط appear at 570 that -ب1 for
Ni(II- ndط appears at 530 c-± and the C0-ر bnd agpears at 530 c-2, Tis
indicates that the strengtb of the tal عه oxygen bonds are in the seguence
c(II) (C(III)=NiCII فمه » 0CII).

M tAح for the theral decapsitiصn of chlaranilic aeid and ite cohalt,
a1ckel and copper cbelates are recorded, i1 Table {7). TAe results of the
thermal decompsition of Ch.A., (M.wt. 208.£8) indlcate A decrese in weigbt
presuهahly due to the 1oss af two -0R groups by heating wp to 218C. T2is is
folloed by a sudden deerease in weigbt nه heatiد g fro. 265-350c, which ia
actuaLy dua .nصt subliMatiص the us limationف point of t isط acid i266و C.437»

MC13,Ch.A.,2CzRgOh cHelates BtArL decد psition nه gradual heAting ith
the losa of eممaطt l wolecules. SiMi1Ar behavior s حط been reported. t38» The
chelates decompse on further heating uith the loss of the 1iga mlecle
presاmahly by subliNatia. Further heating iB accpained by greAt decrease in
weight oith the cncoitant foraation of the cetal.

:٢ayapecteseprل- 

A survey 1n the ASTH (39) reveAled tbat L-ray studies ara recorded 'far
CrC12,6H30, N1Cl5,6B20 na OuClغ ,"ous عرطan" و H tد crystl صم tructure م etdies

bsence f such information, weة theم ade for claranilic acid. Iه ave beenط 
Ake gualitAtive cauparative caparison between the X-ray spectra ofم n anlyص 

Ch.A., ,Ca(II) وit قصه Ni(II) and Cu(II)-chelates whieh ia bsed nه the nuber
and shمrpe=و of lines present. Fig. '(5A, 5B & 5C) sbصs the K-ray anAyses
far the tioned م chlorides, chloranil4c acid an its cعb lAtes. It 1s obvios
that there aعe d1fference in the rصطu م of the lfnes and theLr intensitles as
well sه the d-spacings t caseعط مذ of thA Ni ndه CchElates wre crystalline
tطقn that of Cchlate.
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Table I1)

Eleaental aNalys4s' a£ C, H, tor AlLI) cnloranLlateد 

H{ IL-chloran1lat found IX) cةic.c H Forula c H

1-C٨٠٨٠,C٥Cl,,2C,H,OH 27.4 3٠1 l,0e,6 %,,ان 27.8 3٠2
2-C٨٠٨٠٠N١C1, ,2C٥H, OH- ٥ 8.3 3٠4 <,٥٣٠%1٠٩2»4 27.8 3.2

1-Ch٠٨٠,CuCl,,2C,H. Ok26.9 لا 3.٥ e,1,06٥ %و,ا 27.5 3.2

}

Tهه L2{ه )
he ي valuEs o£ absorptlon spectra of -ethanolIc لا50٧/٧
Hater m1xtures ٥£ Co(II}-chelate.

5pec1ه » Reو kan »(a)2 هه ٤ ٠٠١1
٢ ع٠

CotII) U٠٧٠ 17٥ • كل 1٥%

CotII) ٧1S. 489 41

Ch.٨٠ 30٥ .لا٧٠ 1٠4  م1 ه3

C٨٠٨٠ ٧15. 53٥ 4.4 ٤ 1٥

.h,8€-(I1)C٥ ة ٧.٧٠ 356 ٥2 1٥

 ر

 و
 لا
3
:3إ
١و

3نظزع )3ه ا
The vaues abgorP4457 ه4 r {؟7?٥?R ؟ 5٥r ٧٧ etNano14e ;­

 ا«

3 وءم(n٥)٨e م

75341٧٠٧٠(i(1Iلا 

.ch.A لا3٥٥٠٧٠ لا٠٩ ء لا٥3

٤٩٠٩ 1053٥٧1s.Ch.8٠

٥.5٤ 1٥9360٧.٧.Hi (II)-cA٠٨٠
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٥٤ 50% ٧/v ettanolic-
(عفإو Tه}

T٤e values o£ absortion s;/ectraتنتت:.ععئتة مكقلفتعتققتeو 
٠١٤-٦» » c٥(n٥)AsgloaSpeei  ده

 تب

20317٧.٧٠cu(1L)

1٠٠٩ 1٥"30٥٧٠٧٠Ch.٨.

.530٧1s.C8٠٨»٤٠4 لا٥

٥3 ب

10٠4٥ ،C٨٠٤-(I1)C٧ .للا1035.3٧٠

2ahle15L
Values {or the absorptton speetra af 507 ٧/v ethanollc - Kater

، M(II)- chelAte at d1٤٢٢erent pl- values٥٤1xturesم 

 م
6 )ام M1II)

pH ٨ م8 pR,ه 

2.2 1.8 ٩٠٥-7٠0٥ 2.4 3.٥

2.6 1.75 7.78.٥ 2.5  ة٠٥

2.7 1.8٥ 9.0 2.65 5.0

3.0 2.4 6.0

1.6 3.15 6.50

5٠5-٦٠7 3٠4 6.80

7٠٥-7.5

fhere, A2 Absorbanc4٠381,6}ai e  ي و

Forsation coNstants of soae trans1tlon cetal chloranllAtes chelates

٠،=٥s ,

 ث· ي»
0.52, 5.2x10. 1.% x 10 ·5.9

٥ ·) ٠ ن
0.4] 1,3 x1٥ 7٠5 x 10 -6٠7٠

.3
1٠6 1 2.1x10 4.63 x 1١٥ 5.0

Vo1-8 -و 17
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TTemAl decapo31tLon o٣ h.A., and chloranLlates-{HtI م} .

Te (z.te ه h . و«ه ForEulE 8 م1.
 «ن ، ، د ، ،،د، ،، د، ، ، ،د، ، ،د د د،

20

20-265

218-35٥

2- C٨٠8٠٠C٥Cl, ,2C٠#٤OH

208.98

17 و

C ,٥.c1,٠ لا

€٠c١,٩٠
Suلاص Iمه taa

208.98

174.9

20

2٥ - 256

266 - 372

652- 929

٠4ch.3Ch,0lد٤٤٠٨٠- 

20

20-332
1٥ -.و742

٩-٩٠٨٠٠٥٥٤١٠٠٩٩٩٠٩٤

430٠8
339.65

133
57

430.6

338.4

60

a.8.،له ,,a,Ha 430.8

Ch٠8.٠Cocl, 338.7

coCl 129.9

co 58,9

a4.ءتلار awp 430٠6

c338.5٠٨٠ لا,٤٥ ,لا

58.7٧I

20 a>/d,, م,4بo ة35.5 435.5
210-342 343. ch٠٠٨٠CucL 343.
56٥ - 63٥ ,cucL لا30.2 129.5

٦ م

750-8٥٥ - 66 C 63٠5

Bhar TAe ه: ويج# baerved ه aalscular walgbt.

.veIgbtع TAs ealeulAtod waleeulu8 ·روج
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٥٥ ٤٠ ذ9
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 ة
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 م٣ ما

٠٤2٠
٠  لاجم3
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٤٤٤  و3± ب ج
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 للبحث ملخص
9

 الاتزان ثابت وحناب الجزعى التركيب لتعين طيفية يختصبدراسة البحث هذا موضوح
 الكوبلت الحاسالنيكل مل التكانو' شناية الاتغالية المناصر بعض لمتراكبات

 التركب لتمين مختلفة طيفيه تحليلية طرق استخدمت لقد• الكلور!نيليك جخر، مع
 الكحول القطر الماء ن مخلوط فى المتراكبات هذه لمحاليل الجزئى

٦٨٥٠٠ بنسبة الايشيلس

 تاتون تتبع المتراكبات هذه محاليل ان وجد وقد
 اجريه كذلك التخدم الكانيون توع لى يعتمد التركيز من معين مد فى

 المتراكب تكوين طى الزبى ى المد وكذلكPH فى التعيير تأشير ى مد لمرنة دراسة
 بو>سينى هيد أس عتد للاتاصعظهر تمة اعلى ان ووجه التكافؤ الكوبلتثالاتى مع
 لاتماصالمرتغعة1 قيمة وتعدى يومين بعد يكمون الذى المتراكب اعدا(٨)

 الخلافى الكوبالت الى الثنائى الكوبالت من وثاكسده حد الى الأسالهيدروجينى هذا عند
 حذ، مع نقرالكاتيوبات من متراكبات تضير وثم• ثابت متراكب ليعطى الحض مع بالتالى ويتفاعل

 الحمراء تحت الاحمة باستخدام لها الابيحية الخواص راة ود الصلب الحالة ى الظهرانيليك

• الدراسة هذه تضع ببائية رسوم طى يخوى والبحث اكى، اشعة تأثير الحرارى التأمير

-102-

B  ٨ه تسمك


