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COMPLEXES OF 4-AMINOANTIPYRINE WITH LANTHANIDE 1HIOCYANATES

fC, G. R, NAIR anp JACOB CHACKO*
Department of Chemistry, University of Kerala, Trivandrum 695 Q01

ABSTRACT

Complexes of lanthanide thiocyanates with 4-amino antipyrine have been synthesized for
the first time. Unlike other lanthanide complexes, these complexes are quite novel in that the

lanthanide ions themselves fall into two groups (the lighter ones and the heavier ones) as regards

their coordinating ability.

The complexes have been characterized using various physico-chemical

techniques such as conductivity measuremeats, infrared spectroscopy, and thermal analysis (TG
3

DTG and DTA).

INTRODUCTION

lN earlier communications, we have reported on the

preparation and characterization of complexes of
4-aminoantipyrine {a2p) with lanthanide perchlorates?
and nitrates? with the compositions [Ln aapg] (Cl04)s
and [Ln aapy (NOQj);] respectively. (Ln = La, Pr,
Nd, Sm, Gd, Dy or Y). Similar complexes of aap
with lanthanide thiocyanates are being reported here,

EXPERIMENTAL

4-Aminoantipyrine used was of Analar grade (BDH).
Lanthanide oxides (99-9%) obtained from M/s. Indian
Rare Earths Ltd., Udyogamandal, Kerala, were used as
such. Ammonium thiocyanate used was from

E. Merck (Germany). All solvents used were puri~
fied by standard methods3.

Preparation of the complexes

The lanthanide oxides were converted into the
corresponding mnitrates by the methods described
earlier2, All the complexes were prepared by the
general procedure given below.

Lanthanide nitrate (1g, 2+ 3 mmol) and aap (15 mmol)
were separately dissolved in minimum amount of
cold water (0-5° C) and then mixed together. Any
precipitate formed was filtered off. To the clear solu-
tion was added, dropwise, a cold (0-5°C) saturated
solution of ammonium thiocyanate. The pasty mass
which separated out was washed well with cold (0-5°

- "

* Present address : Department of Marine Sciences,
University of Cochin, Cochin 682 016,

C) water. The mass was then dissolved in minimum
amount of acetone and reprecipitated by addition of
benzene or petroleum ether. The solid thus ¢btained
was dried in vacuum over phosphorus (V) oxide,

The lanthanide content was determined gravimetri-
cally Dby the oxalate-oxide method4 and the thio-
Cyanate content by the Volhard’s procedures.

Thermogravimetric studies were carried out on a
Perkin-Elmer TGS-1 Thermobalance (heating rate:

5°/min; atmosphere: static air; chart speed: 40 cm
per hour).

LR. specira were run on a Perkin-Flmer 237 ir.
spectrophotometer.  KBr pellet technique was used.
Conductance measurements were made at room tempe-
rature (28 + 2° C) using a Philips GM 4249 conducti-

vity bridge with dip type cell and Pt black electrode
(cell constant 0:7511 cmy™1).

i

RESULTS anND DISCUSSION

The complexes are extremely hygroscopic, freely
soluble In polar solvents and only sparingly soluble
in non-polar solvents. The analytical data (Table I)

suggest that they have the general formula Ln aapy
(CNS); . 4H,0.

Thermogravimetric studies show that the complexes
are stable upto ~ 100° C. All the four water mole-
cules are lost between 100 and 200° C. X-ray powder
diffraction data of the ultimate thermal decomposition
residues showed that they were Ln,O; in the case of
La, Nd, Sm, Gd, Dy and Y; Pr,Oy; in the case of Pr,



Vol 47, No. 16

Complexes of 4-Aminoantipyrine with Lanthanide Thiocyanaies
Ang. 20, 1978

369

TABLE 1

Analytical data of lanthanide aap thiocyanate complexes

—. W T

— e e ——— ™ "W

Found (%) Caiculated (%))
Complex - — — - — —
Metal Thiocyanate C H Metal Thiocvanate C H

[La (aap); (CNS);}

4H-0 13-88 17-00 44-35 4-70 13-96 17-47 4448 4-73
[ Pr (aap); (CNS)3)

4H,0 13:-94 17-60 4438 4-68 i4-14 1746 44-36 4-71
[Nd (aap); (CNS);)

4H,0 14-19 17-59 43-00 4-72 14-43 17-40 43-20 4-70
| Sm (aap); (CNS);)

4H,0 14-84 17135 4279 4-63 1494 17-30 42-96 4-67
iGd (aap); (CNS);]

4H,;0 1560 17-35 42-69 4-60 15-49 17-14 4266 4-64
[ Dy (aap); (CNS);]

4H0 15-70 1636 42-50 4-63 15-97 {7-10 42-46 4-62
LY (aap): (CNS)s}

41H,0 Q-45 18-25 45-71 4-85 9-41 1842 4574 4-97

e —

- —— T S

The compounds show non-electrolytic behaviour in
ntrobenzene, However, they are roughly 1:1]
clectrolytes in acetonitrile and met. anoi, which may be
due to the partial dissociation, induced by the polar
solvents, Al the complexes (except those of Laand Y
were found to be paramagnetic.

The chief i.r. bands and their assignments are
presented in Table II. The Y(C=Q) frequency in the
free igand occurs at ~ 1650 cm~! with a shoulder at
1690 ¢cm™i. 1In ail the complexes tuis band under-
goes a shift and is found at 1620 cm™i, This indicates
coordination through the carbonyl oxygen.

The Y(N-H) frequency occurs as medium intense
bands at 3490 and 3380 ¢cm~! in the spectrum of the
free ligand. It is here that a significant difference is
observed between the lighter lanthanides on the one
hand and the heavier ones (and Y) on the other. In
the specira of La, Pr, Nd and Sm coraplexes, these
two bands merge together, and along with the O-1f
stretching vibration, it appears as a very broad, medium
intense band with maximum at 3400 ecm L Howewer,
in the case of the Gd, Dy and Y compleses, the broad
medium intense band has its maximoam gt 3200 cm !
with a shoulder at 3400 ¢m 1 aad  extending upto
3600 el This shoulder isattributed to the “(Q -1
vibration. The coasiderable shift of the N-1l band
(from 3490-3350 ¢cm 1 to 3200 ¢m 1) indicates co-ordi-
nation of the aming-N to the metal atom,  Sinmlar
shifts have been observed in other cases of aming N
coordinationS, In  the spectra of Jighter lantha-
nides (La, Pr, Nd, Sm), the N- H region doos not

—

practically undergo any chinge on complexation: it is
therefore inferred that in  these complexesthe aming
TEOUP 1S 0ot participating in coordination.

The %(O-H) and *(C=0) overlap and occur as 2
singie band at ~ 1620 cm-t in all the complexes, As
the Jtgand has bands in the 880-650 cmi~! region, it is
difficult 1o locate any bands due to coardinated water?
and as such no conclusion is drawn regarding  the
nature of binding of the four water molecules.

In the lanthanide oop thiocyanate complones, the
C-N stretching vibration occurs as a A<ty strong
band at 2103-2{(Qcm I, A comparison with Y(C-N)
of complexes, . which N-bonding has tween proved
Oy X-ray analysis, such as BaZn (NCSLE® ("(C-N) at
2101 c 3} indicates N-b, nding i the present ¢om-
pleacs also. On the bass of  carlicr assignments
regrding the nature of bonding of the thiocyanate
01221 jt may tentatinely be suggested that the bond-
ing in lanthamde eop thiogyanates is Lo e — NCS.

Assuming that the water molecules do not play any
stgacticant rele i coordination, b may be concluded
that in the edp complenes of lanthanide thiecyanates,
the hehter lanthamdes (Lag Pr, Nd oand Smd <how @
Lganey of 6 and the heavier Lanthanides (Gd and 1))
and Y show e figdogy of 90 Amino-N coot futagion
was not obsenved i the wop complexes of the lantha-
nide nirates or perchlaites, The eneeptional behae
viour in e case of 1he vap conplenes of Gd, Dy and
Y othioeyanates could beosabonatined By 1m0 considers-
tons: (1) the stronger complecioiming  tendencies
of Gd, Dy and ¥ tom which would induce the Heand
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Inf rared ﬁrqrfennﬂs of aap and its fanrhamde thiocyanate complexes
aap (L) (Lal;Y") (PrL3Y’g) (NdL3Y3") (SmL3Y3") (GdL3Y;) (DyL3Ys") (YL;Y3) Tentative
4H,0 4H«0 4H.0 44,0 4H-0 4H -0 4H,0 assignments
3490m
3380m 3400m 3400m 3400m 3400m 3400sh 3400sh 3400sh Y(N-H) of amino group
(br} (br) (br) {(br)
3200m 3200m 3200m
(br) (br) (br)
2110vs 2100vs 2100vs 2100vs 2100vs 2100vs 2100vs Y(C-N) of thiocyanate
group
1690sh
1650vs 1630vs 1620vs 1620vs 1620vs 1620vs 1620vs 1620vs "(C=0)
1600vs 1550vs 1580vs 1580vs 1580vs 1380vs 1380vs 1580vs Pyrazolone ring
stretching
1510s 1505m 1500m 1500m 1500s 1500s 1500s 1500m Ring stretching
1460m 1480w 1460w 1460w 1460w 1460w 1460w 1460w of S-membered
1405w 1400w 1390w 1400m 1400m 1400m 1390s ring + phenyl ring
1360s 1340m  1330m  1320m  1330m  1330m  1330m  1330m  %(CH»)
1290m
1240m
1210m
775s 780s 7735s 780s 780s 7805 780s 775s TC-H) of monosubsti-
720m 710s 705s 705s 705s 7055 705s 705s tuted benzene

(out of plane)

—

vs = very strong; s = strong; m = medium; w = weak;

;h = shoulder, L = aap; Y’ = CNS.

to utilize its second donor site at the amino-N and
(11) the smaller size and the linear shape of the thio-
cvanate ligand which would provide no steric hindrance

4. Koithoff, I. M. and Elving, P. J., Treatise on

Analytical Chemistry, Interscience, New York,
1963, Part 11, Vvol. 8.

to counteract the above tendency, unlike in the case 5. Vogel, A, 1., A Textbook of OQuantitative In-
of the bulkier nitrate and perchlorate ligands. Varia- organic Arnalysis, 3rd ed., John Wiley, New
tions of coordination number in lanthanide complexes York, 1963,

are largely decided by the spatial accommodation of 6.
the ligands rather than by their bonding characteristics
and exhibition of higher coordination is the rule and 7.
not the exception for many lanthanide complexes?s.
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