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ABSTRACT

Tne infrarad spectra ol 3-melnylaniing and 4-meathylaniling complexes of znail]
chiaides were investgated over the range of 4000-200 em™1. The resulis of chisrde
analysis, making peinls, colors, and magnetic susceptbilies were also reporied. The
complexes were oplained by dissalving eguivalent amounts of Zn{ICl, and ligands in

gthanal. Analysis of complexes conained two chiers in the airucture. The vibrational
frequencies were assignad on the infrared specira recorded at room lemperature. Tha
twio wZn-M end fwo vZn-Cl bands a5 erpaclad from Ga, SyMMelry, can He abserved

particularly by exarining the melak ligand vibration peaks beiween 430-200 emt.
The tetrahedral arrangament of Igants around zinc atom can be conclused from this
chservalion, Magnelic svscepibiity stedies alsn Supparl thess resulis

Zn{3-C;HgN),Cl, ILE Zn{4-C;HgN);Cl; NIN INFRARED SPEK-
TRUM VE MAGHETIK DOYGUNLUKLARININ KARSILASTIRMALI
OLARAK IMCELEMMESI

AOzET

3-melilanilin ve 4-metitanilinin Ginko(fljkigrar ile yaphd) komplekslerin infrared

spekirumlan £000-200 cm’ arahginda incelendi. Aynca, klor analizh, erima hok-

1351 ve renk tayini ile magnet duyguniuk senuglan da rapor edildn. Konpleksler, uy-

gun miklarde ZnilljCly ve Bjandn elanoide karigtiniarak gozondirDimasl de elde
L]

edildl. Komplakelerin gnalizindsn yapsda ki Klorn bulundegue anlzqidi. Tiragim fre-

kanglan, oda scakhdngds kaydedden bnfrared spekiramianindan iayin edidi, Cs, Sim-

1

elrisi icin baklenilen &i vZnM we ik v2Zn-Cl banclariin 430-200 om’ arghfinda
e

gaztenmesi giaka alamu gavresinin fotrahedral yamda oldufury gostern. Magnelk
duycuniuk gahgmalan da bu sorugian desieklamenisdin

L. INTRODUCTION

Most of metals of ihe firsl fransition series form complex com-
pounds having the general fermula MLaXs where L s 3-metnylani-
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ling ar 4- methyianiling X 5 a halegen or pseuvdo ha'ogan (8.9
MZE} atern [1.2]. A number of complexes befween 3-methylaniline
ar &- mathylaniline and first row transition metal dibalides have
heen previously reported in the literature [3—-2] Also, Zni&-malsClo
has been shown by X-ray erystallography to have a tetrahecral
structure about the zinc atom [5]. But there hdve been no complote
studies of the speciroscopic and magnetic properties of these com-
pounds,

This paper reports the room femperature magnetic moments of the
eomplex of gzing{lljchlorides with 3-methylaniline and &4- methyl-
aniline together with their infrared spectra, melting points and
colors, Infrared spectra and the magnetic susceptibilitiss have
been recorded far the sobd complexes at the far infrared speclra
are used to delermine the probable co-ordination arrangement
about the metal atoms in each complex,

II. MATERIALS AMND METHODS

In the preparation of complexes 3-methylaniline, 4- methylaniline
(Fluka. AG Chemische Fabrik CH-9470 Buchs), and zinc(ll) chlorides
(E. Merck, Darmsizdt} in ethanole were used. Far the measdrements,
we selected the addition product between 3-methylaniline or 4-
methylaniline, and zinc{ll} chlorides. This produst was optained by
mixing absulate ethanole saolutions of zine(ll) chioride and 3-
methylanilire or 4- methylaniling in the stochiometric ratios. The
resulting orystalling precipitates were washed with absulatle etha-
nole and wera recrystallized from this mediem.

The chloride analysis was made at room temperature  using Mohr
mathod and showed that two chlors were bound in the malecular
fructures, The melting paints which wera determingd are given in
table 1.

Magnetic susceptibilities were delermined by Gouy Method &t room
temperature. Molecular susceptibilities were corecled lor dia-
magnatism of the ligand atoms by use ol pascal canstarg. The val
ves of gram susceplibility cxﬂa. molecular suscaplibility (X, and
diamagnetism carrected molar susceptiblity [Xg) are gwen alsg n
table 1. The wvalues of magnelic momerts [u} in Bofr magrelons
werg calculaled from

wlula]
s
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o= 284 (X Ty 1]

T is the temperature in Helvin degrees, while n iz the number of
unpaired e'ectrons calculated from the

g = ' f -:F'4E:||1"2 (24

“spin only” formula. The magnetic daia epizined in this wark are
giver in tablel,

In the infrares spectral studies, the spectra were cbtained on the
pallatized compiex powdar- KBr mixture (ratie 1/100). The in-
frared specva were recorded in the range of 4000-200 em'! with
Perkin-Elmer mode!l 1330 spectrophotometer and it was possible 1o
eliminate the peaks appearng due to the KBr using its memory sub-
straction facilities. Similar resulls were optained using Perkin-
Elmer 457 Greating Infrared Spectrophotometer using KBr as a ref
erence. The assigments and interprations of infrared spactral data
af the free ligands and its complexes with zinc{llichlorges were
made on the basis of previously reported data [1.2.4]. The results of
vibrational mode assignmenis were given with their relative inlen-
sities in table 2.

Table 1. The resuliz of chleride analysic and magnetic
susceptibilities

Zn(3-ma)sCla Znid-malallg
Chlaride  eafkculated 20.23 20.23
Analysis  lound 20,56 e0.27
Xq 1078 femig Tty 07451 1.843
Xm 108 emPmor) 262 64 Ba6 118
R 10°% fommal™ ! 47518 858 656
THEN LN 1.063 1.428
r o o
melting paint {*C) 225 259
rolor white — while
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I, RESULTS AND DISCUSSIONS
1. Liganis Vibrations associated with the aminge group

There are iwo stretching vibrations Enown as symmetnc and anti-
symmetric N-H stretching mocdes that belong,to thel_NHE group of 3-
methylaniline J4-methylaniling). { The wvalues of 4-methylanline
are given in parantheses}. These values were optained as 33354 cm!
and 3432 cm) [3354 em ! and 3424 cm™') respectively. Thesa wi-
brational modes changed on passing from the free lgand spectra to
those of complexes reaching up to and 133 cml and 164 cm !

(114 e and 143 -:-'n"i] lor Doth iwa vibrations. The reason for
thezg shifts is atiributed 1o metal-ion coordination [3,%]. A band
similer 1o a N-H...Cl. defined as ClI zersitive N-H bond, was ob-

cerved at 3229 em 13214 cm-1} for the free ligants and shiftes

to lower frequencies of about 85 em”1 79 em 1} in its metal com-
plexes. The reason for this shift is afributed to the hydrogen bond-
ing or comlex formation, [3,4]. In grder {0 ideniifiy the band refaled

ta NHs scissoring wibrations in the 1600 cm 1 spectrurm range, an
earlier "M izotop labeling study was used [47) , and such a
hand was obeerved  strangly  at 1814 em! [1622 cm 1} for

free ligand. It shifted down 1o 1582 em {1578 cm™ 7] in complex
molecules. the reason for this behavior was aitributed o the
change cof nitrogen arbitals and its effect on the MNH2 force con-

stand because of the NHN angle change [§.9].

MHo twisting vibration is effected and known that is shows change

in freguency and intensity from the complex formation methytan-
lime ar similar aniline  molecules {9). a band identified as twisling
mode upon deuteration, was observed at 1177 gm- 1 077 e
but it changed on passing fram the free iigand 1o those of the com-
plezes [Table2). This shilt was atinbuted 10 the mass incremenis
dug to lhe ftransition melal inclusions in the complexes.

MH» wagging mode was observed at 721 cml 4712 cm'}, and

shifted ta 727 em1 {730 em 1} in its complexes and this was at-
tributed to the ingremeni gf the force consiant becavze of the

Tl
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transitign meial bernding. The band seen &t 548 em’ 1 {479 cm !
was aszigned 1o the rocking wibration of J-rmethylandina {for &
methylaniling), We can conclude that the MNHz vibratianal values of
I-methylarnline {(4-methylaniling] are notable diifferent when 1hey
are coordinated compared lo being a free ligand. The values of the
NH» stretehing and scissoring medes were found al lower waluzs
than the ecorresponding ones in the free malecule while the NH»
twisting., wagging and rocking modes were found at higher values. A
strong band aear 1250 em'! in the spectra of the ligands and com-
plexes is assigned to G-N stretching vibration, occuring in the re-
gion previously reported far this vibration [4.9]

C-H strelching was observed at 3035 em-1 {3019 cm- 1}, A very

weak band observed at 985 cm®! {812 ¢m1} was assigned to C-H
{cut of plane} bending vibration mode. A medium stranght double

band was also cbserved at 866 cml and 855 em-1 for the fres |-
gand 3-methylanilne but it lost ite strength in its complexes. An-

ather strong band observed at 773 em | due to G-H bending vibra-
tion presarved its strenght after complex. A very strong band at

826 cm”! was also assigned to C-H bending, since there are out of
plane defarmation bands and are expecied to be cbserved at 688,

773 and 855 em™ 1.

A strong band refated o C-H (in plane) bending vibralions was ob-

served at 1166 cm™ ! {1173 em 1} for free ligand 2-methylaniline
[ar free ligand 4-methylaniling}. This band decreased and nearly
lost in stranghl in s complexes.

Tre bands related 1o aliphatic and aromatic C-H swrelching modes
wera observed 2818 cm-l and 2855 em’1 (2918 cm1 and 2856

cm"1:-. In complexes lhese bands almost disappeared and this was
teken as an indisation ol complex formabon.

The bands due to bending vibratons are generally weak because of
small dipol moment changes, sush a GHy bending "I“GC-"E': was ob-

served al 1377 eml {13735 cm-1} and for ils cocmplexes these
bands disazpaared.
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A muck more important criterion of stereochemisiry is the inten
zily of the absomiion bands, tetrahedral complexes having values
about one hungred times those of octahedral We studied Mo
(majslla complexes which had a polymernc octahedral environment
about manganese atom [10].

2. Metal-Ligand Vibrations

Metal-Ligand streiching modes in metal complexes have proved
very wseful in characieristing the streochemistry of the compleses
|&.10]. Thesa modes are sxpected ta be observed of lower than 430

em*! frequencies for complexes. Also, the assigment of modes has
been carned aut from the expanded spactra.

In the range of 430-400 em-1 medium bands. not found in the
spoecira of the free ligand, ware abserved {wo bands 412 and 3BB

em*1 {412 and 398 cm V). It is suggested that these bands are
mosl probably due 1o vZn-M modes, similar bands have also bean
chserved in thiz range and assigned 1o metal-nitrogen mades in the
metalfilihatogen-anilinge and substiluted aniline complexes repori-
ed earlier [1-4].

Zinc-chlaride stretching bhands are expsacted to be obsearvad in :ha‘:
range of 220-200 cm 1. Referring to Table 2 two bards at 300 and

252 em1 {208 and 252 cm" 1} were obtained. Since the ireguency
and the number of these bands are in good agreement with similar
modes in metal-chloride coplgxes having MLpXo stochometry

[1,2,8]. It 15 suggested that these bands are due to Zn-C1 bands. For
the Co, symmetry, tetrahedral streachemistry requires two vZn-N

and two vZn-Cl bands [6]. These ware observed for the Zn{ll} com-
plexes.
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Table 2. The freguencies fom™ | ad assigment of whbrations

dEipmenly J-me Ly lanTire A=y laniling ME'"":'E':IE I I-fmia LECI?
UH 1 asym RELEE Jal4 s J26E = I2A s
UH =H =y 2354 v 1354 vs b iried B I2dl e
M- ] 1221 s INdw Iile s TIZE
UCH aryl Wi NEm JIE - -
EH] shrelck ot L 18w DEIE ww 207w

s LY THES w - -
H-I'I Acimnor 16hd = 1622 s 1663 5 1574 5
UL mryl 1559 & - 1599 m 1609 w

1453 3 ) 1517 w9 1453 1509 we

1462 4 1447 w 1464 m 1421 ww
CHy scissor 1377w _ 1375 ww - -
Wi-H V20 v 12 s 12855 1240 8
WC-H mryl g 11EE v 1178w 11EE ww =
BH. Lwidl. MM w 1337 w 1056 v IOFE ww

I03E = 1042 v 1035 ww 1073 va
Eo=H aryl. (berding ip) oS m = - -
Bo-H aryl. (berding og.) BES v 812 v E ww -

GO% v - 2i7m -

BE6 m - BLd w .

B5Sm - - B2 m

T3 - Tetws B8 1

&L m = B9 e =
MMy magying T2 w 719 ww ToT ww M=
Hiy rotking S48 m 457 5 teEm SlI6m

5393 - 50w -
Yin=H = = 4|53 w 477

- = & w JeE =
W =Ll - - W v o=
= = 52 vs 252 m

W wiry abrong 1oalrang momedivm W, weal  ww wEry weal - nol meemnsad
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