INDIAN J. CHEM., VOL. 21 A, JUNE 1982

9. CHANDRA, K., SHARMA, R. K., GARG, B. S. & SINGH,
R. P., Inorg. chim, Acta, 37 (1979), 125.

10. Wart, G. W., Bayg, L. J. & Drummonp, (Jr) F. O,, J.
Am. chem. Soc., 88 (1966), 1138.

11. Wart, G. W. & DruMMonD, (JrR) F. O.,J. Am. chem.
Soc., 88 (1966), 5926.

12. Pez, G. P., J. Am. chem. Soc., 98 (1972), 8072.

13. Fritrz, H. P., Adv. organomet. Chem., 1 (1961), 262.

14. Druce, P. M., KinGstoN, B. M., Lappert, M. R., SrI-
vasTava, R. C,, Frazer, M. J. & NewtoN, N. E
J. chem. Soc., A, (1969), 2814.

i3]

Dioxouranium(VI) Complexes with Sulphur Deonor
Schiff Bases Derived from Salicylaldehyde, Substituted
Salicylaldehydes & 3-Aminothiophenol

A. SyamaL*, D. KuMArR & S. AHMAD

Department of Applied Sciences and Humanities, Kurukshetra
University, Kurukshetra 132 119

and

Department of Chemistry, Regional Engincering College,
Kurukshetra 132 119

Received 18 August 1981; revised ard accepted 16 January 1982

New dioxouranium(VI) complexes of schiff bases derived
from 3-aminothiophenol and salicylaldehyde, 5-bromosalicylal-
dehyde, 3-methoxysalicylaldehyde, 4-methoxysalicylaldehyde,
S-methoxysalicylaldehyde or 2-hydroxy-1-naphthaldehyde have
been synthesized and characterized on the basis of analytical,
conductance, molecular weight, magnetic susceptibility, IR and
electronic spectral data. The complexes are of the types [UO,-
L.CH,OH),, UO,(LH),, UO,LH,).(NO,), and UO,(LH)-
(NO.)Y(AA) (where LH, =schiff base, AA=2,2"-bipyridine or
o-phenanthroline). The absolute coordination number of ura-
nium is six, seven, nine and twelve in UO,(LH),, [UO,L.CH,-
OH];, UO; (LH) (NO,) (AA) and UO.(LH,),(NO,), respectively.
The complexes are non-electrolytes and diamagnetic.

IN recent years, considerable interest has been
evoked by the complexes of first and second
transition series metal ions with sulphur donor schiff
bases having NS or ONS donor atoms!. But there
appears to be no report on sulphur donor schiff base
complexes with actinide elements, though actinide
complexes with sulphur containing ligands are
known?, We report here the synthesis and charac-
terisation of new dioxouranium(VI) complexes of
the schiff bases (I) derived from 3-aminothiocphenol
and salicylaldehyde or substituted salicylaldehy-
des. Only the copper(Il) and oxovanadium(IV)
complexes of the schiff bases(I) have been reported

so far3.
HS
OH
O /©
c=N
i

1. X=H, 5— BROMO,5-METHOXY, 3-METHOXY,
4-METHOXY AND 5,6-BENZO

Salicylaldehyde(sal) was a Sarabhai M. reagent
while 5-bromosalicylaldehyde (S-bromosal),  4-
methoxysalicylaldehyde (4-methoxysal), S-methoxy-
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salicylaldehyde (5-methoxysal), 3-aminothiophenol
(3-amtp), 2, 2'-bipyridine (bipy) and o-phenanthro-
line (ophen) were Aldrich reagents. 3-Methoxysali-
cylaldehyde (3-methoxysal) and 2-hydroxy-1-naph-
thaldehyde (hydroxynaph) were Fluka AG products.
Dioxouanium(VI) acetate dihydrate and dioxoura-
nium(VI) nitrate hexahydrate were Hopkins and
Williams, and BDH reagents respectively. Sodium
methoxide was supplied by SD’s Lab-Chem.
Industry.

Uranium and nitrogen analyses were done as des-
cribed previously?. Conductance, molecular weight,
magnetic susceptibility and IR measurements were
also done as reported earlier®. Quantitative deter-
mination of ligand was carried out by bromometric
titration technique. Electronic spectra were recorded
on a Unicam SP-1600 spectrophotometer having an
attached reflectance arrangement. The magnetic
susceptibility measurements were done by the Gouy
method using Hg[Co(NCS),] as the standard.

General method of syntheses of schiff bases — An
ethanolic solution of 3-aminothiophenol (0.63 g,
0.005 mol in 10 m1) was added to an ethanolic solu-
tion of appropriate aldehyde (0.005 mol in 30 ml).
The mixture was stirred magnetically for 30 min.
The separated compound was suction filtered,
was hed with ethanol and dried in vacuo at room
temperature, yield = 909%,.

Syntheses of dioxouranium (VI) complexes : Com-
plexes of the type [UO,L.CH,0H], — A methanolic
solution of the appropriate aldehyde (0.001 mol in
15 ml) was added to a methanolic solution of 3-
aminothiophenol (0.13 g, 0.001 mol in 10 ml). The
mixture was refluxed on a water-bath for 30 min
when a clear yellow solution was obtained. It was
added to a methanolic solution of dioxouranium(VI)
acetate dihydrate (0.43 g, 0.001 mel in 20 ml) and
the contents refluxed on a water-bath for 2 hr. A
methanolic solution of sodium methoxide (0.11 g,
0.002 mol in 15 ml) was added and the mixture
further refluxed for 1 hr. The separated compound
was filtered. washed with methanol and dried

“in vacuo, yield = 70%,.

Complexes of the type UO,(LH), — A methanolic
solution of the appropriate aldehyde (0.002 mol in
20 ml) was added to a methanolic solution of 3-
aminothiophenol (0.25 g, 0.002 mol in 15 mi). The
mixture was refluxed on a water-bath for 30 min.
The freshly prepared methanolic solution of dio-
xouranium(VI) acetate dihydrate (0.43 g, 0.001 mol
in 20 ml) was added to this solution. The mixture
was refluxed on a water-bath for 4 hr. The partial
evaporation of the solvent under a fan produced
the compound which was filtered, washed with
methanol and recrystallized from methanol. The
compound was dried in vacuo, yield = €607,.

Complexes of the type UO,(LH,);,(NOy), — A
methanolic solution of the appropriate aldehyde
(0.002 mol in 20 ml) was added to a methanolic
solution of 3-aminothiophenol (0.25 g, 0.002 mol
in 15 ml). The mixture was refluxed on a water-
bath for 30 min. A freshly prepared methanolic
solution of dioxouranium(VI) nitrate hexahydrate
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TABLE 1 — ANALYTICAL, MOLECULAR WEIGHT AND INFRARED SPECTRAL DATA OF D1oxoURANIUM(VI) COMPLEXES OF SCHIFF BASES

Compound/ Found (Calc.) IR Bands (cm™)
Stoichiometry :
olemo UY% N% S% Ligand Molec. ligand (complex)
% wt  v(C=N) v(C-O) ¥(CS) +(C-0)
5 15 s G 30H) (OUO) (OSUO)
UO,(sal-3-amtp).CH,OH), 4463 290 583 4296 1043 1645 1500 7
[, :S i 2 CH.OHh (44.69) (265 (6.05 (42.91) (1058) (1625) (1510) (840)
1-3-amt
wgg(solirxomosa 3amip)  oe3 239 508 5063 1236 1640 1510 775 970 910 795
U,—Cz,,H“NzosszBlr, (9.14) (230) (526) (50.33) (1216) (1615 (1540) (830
0,(3-methoxysal-3-amtp).
[Ucﬁfqonﬁi oxysa P s 278 548 4593 1028 1640 1500  —. 975 905 790
U,CaoHeNyO10S (42.58) (2.50) (5.72) (45.97) (1118) (1605) (1530) (845)
4-met -3-amt;
wgﬁﬁonfﬁ hoxysal-3-amp). 4240 238 540 4600 1105 1620 1510 785 975 910 795
UsCooHooN:O16Ss (4258) (2500 (5.72) (45.97) (1118) (1605) (1525) (850)

O.(5-methoxysal-3-amt
[Ucﬁg methoxysal 3-amtp). - 71 2,59 55.612) (42.3% (mg) (lggg) dggg) ('Sigg) 90 915 -
U,CogHioN3O10S 42.58) (2.50) (5.72) (45. 1118) (1
VO, (sal-3-amtp), G G Gl e Yris Gas ‘isoo 7S 890 a
UC,4H.N,0,S, (32.78) (3.86) (8.32) (62.81) (726) (1635) (1515)  (770)
UO.(3-methoxysal-3-amtp), 3009 3.80  8.25 6543 802 . 1640 1500 — 885 a
UC.4H,N;0,S, (3028) (3.56) (5.14) (65.65) (786) (1600) (1515)  (780)
UO.(4-methoxysal-3-amtp)y  30.53  3.27 835 6556 763 1620 1510 785 890 a
UCssH,:N,0,S, (3028) (3.56) (8.14) (65.65) (786) (1605) (1520) (785
UO.(5-methoxysal-3-amtp), 3049 335 793 6520 778 1620 1510 1785 890 2
UC,3H:sN,0,S, (028) (3.56) (8.14) (65.65 (786) (1600) (15200  (780)
UO.(hydroxynaph-3-amtp),  28.62  3.18  7.40 67.62 843 1645 1520 790 890 a
UC, H, N.O,S, (881) (339 (175 (6731) (826) (1630) (1530)  (790)

U0, (sal-3-amtp):(NOy)s 2778 640 7338 5340 867 1645 1500 775 940 840
UC;4He:sN,010S; (793 (657 (1.51) (5376) (352) (1630) (1535)  (855)
UO,(hydroxynaph-3-amtp),

NO.), 2472 610 695 5849 941 1645 1520 790 935 835
UC, H.NO1eSs (3500) (5.88) (6.72) (5861) (952) (1625) (1530) (850)
UO.(sal3-amtp)(NO,(bipy)  33.06  7.50 421 5397 703 1645 1500 775 910 810
UC,,H,¢N.Os 324) (782) (447) (53.63) (716) (1620) (1540) (830)

UOs(sal 3-amtp)(NOy)(ophen) 3347 721 468 5485 753 1645 1500 775 %5 805
(216) (757 (433) (55.14) (740) (1615) (1540)  (830)

(a) Band masked by the absorption of schiff base.

(0.51 g, 0.001 mol in 10 ml) was added and the
mixture was refluxed on a water-bath for 2 hr. The
partial evaporation of the solvent under a fan gave
the desired compound. This was filtered, washed
with methanol and recrystallized from methanol.
The compounds were dried in vacuo, yield = 409;.

Complexes of the type UO,(LH)(NO,)(AA) — A
methanolic solution of salicylaldehyde (0.13g, 0.001
mol in 10 ml) was added to a methanolic solution
of 3-aminothiophenol (0.13g, 0.001 mol in 10 ml).
The mixture was refluxed on a water-bath for 30 min.
A freshly prepared methanolic solution of dioxou-
ranium(VI) nitrate hexahydrate (0.51 g, 0.001 mol
in 10 ml) was added and the mixture was further
refluxed on a water-bath for 1 hr. A methanolic
solution of 2, 2’-bipyridine (0.16 g, 0.001 mol in
5 ml) or o-phenanthroline monohydrate (0.20 g,
0.001 mol in 10 ml) was added to this solution.
The mixture was refluxed on a water-bath for 1 hr.
The separated brown precipitate was filtered,
wailed with methanol and dried in vacuo, yield =
60%.

The freshly prepared methanolic solution of dio-
xouranium(VI) acetate dihydrate or dioxouranium
(VI) nitrate hexahydrate reacts with the schiff base-
(D) in 1:2 molar ratio and the complexes of the types
UO,(LH), and UO,(LH,;),(NO,); are formed, res-

pectively. On the other hand, the equimolar amounts
of dioxouranium(VI) acetate dihydrate and the
schiff base(I) react in presence of sodium methoxide
and produce the complexes of the type [UO,L.CH,-
OH],. The reaction of equimolar amounts of dioxo-
uranium(VI) nitrate hexahydrate and the schiff base
(I, X=H) in presence of 2,2’-bipyridine or o-phena-
nthroline(AA) gives the complex UO,(LH)(NO,)-
(AA). The analytical results (Table 1) support these
formulations. The complexes [UO,L.CH;OH], do
not lose weight on heating at 120°C for a few hours
indicating that methanol is not lost at this tempe-
rature and is coordinated to uranium. The com-
plexes are non-electrolytes in DMSO (Anp = 1.09-
8.2 ohm™ cm? mole~!). The molecular weight
measurements indicate the monomeric nature of the
UO,(LH),,UO,(LH,),(NO3), and UO,(LH)(NO,)-
(AA) and the dimeric nature of [UO,L.CH,OH],
complexes. The complexes are diamagnetic as ex-
pected for the 5/° system (perr = 0-0.3 B.M..).

The schiff bases exhibit a medium intense IR band
around 3100 cm~! assignable to v(OH) mode of
the hydrogen-bonded phenolic OH group’. The
complexes UO,(LH), and UO,(LH)(NO;)(AA)
do not show this band indicating the deprotonation
and conscquent coordination of phenolic OH group.
The presence of a broad band around 3400 cm—
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in the spectra of [UQ,L.CH,OH], and UO,(LH,)-
(NO,), is due to the v(OH) of co ordinated methanol
in the former and v(OH) of coordinated schiff base
in the latter complexes. The schiff bases(I) ex-
hibit a broad band of medium intensity around 2500
cm— assignable to v(S-H)®?. In the [UO,L.CHj-
OH], complex this band disappears indicating the
deprotonation of the thiol group and consequent
coordination of sulphur atom to uranium®?. y(C=N)
mode of the schiff bases(I) occurs®at 1620-1645 cm—1.
In the dioxouranium(VI) complexes this band shifts
to lower energy by 15-40 cm—* indicating coordi-
nation of the nitrogen atom ofthe azomethine moiety
to uranium!®. The schiff bases exhibit v(C-O)
(phenolic) at 1500-1520 cm~!. On complex forma-
tion this band shifts to higher energy by 5-35 cm—*
indicating the coordination of phenolic oxygen atom
to uranium3. Methanol exhibits v(C-O) (alco-
holic)!t at 1034 cm~! and the complexes [UO,L.-
CH,OH], exhibit this band at 960-975 cm~1; the
negative shift is indicative of oxygen coordination
of methanol to uranium!2. The schiff bases exhibit
v(C-S) at 775-790 cm~!. In the complexes [UO,L.-
CH,;0H],, UO,(LH;),(NO;). and UO,(LH)(NOs)
(AA)this band shifts to higher energy by 45-80 cm=*
indicating the coordination of sulphur atom to
uranium®8, The v(C-S) mode does not shift appre-
ciably in the UO,(LH), complexes in comparison
with the free ligand band indicating the non-parti-
cipation of SH group in coordination. The com-
plexes exhibit the vz (O= U=O0) mode at 885-
940 cm-1, the usual range reported for the majority
of dioxouranium(VI) complexes'®’t4, The plot of
vs VS vag is linear and the data satisfy the equations:
(l) Vg =— — 115+1.0 Vas for [UOzL.CH3OH]2 and (ll)
vs= —100+1.0 va5 for UO,(LH),, UO,(LH,),(NO,),
and UOQ,(LH)(NO,)(AA). The greater negative
value of the intercept in 1:1 complexes may be due
to greater covalent naturec of the 1 :1 complexes.
The force constant (fu-o) for U=0 bond has been
calculated by the method of MgGlynn et al.l* and
the values (6.51-7.34 mdynes/A) agree well with
those for similar dioxouranium(IV) complexes!®’15.
The U-O bond length (R) has been calculated using
the equation®, R = 1.08 f~1/ - 1.17 and the
present values (1.73-1.75) are in the cxpected
range (1.60-1.92 A)v7.

The complexes, UO,(sal-3-amtp),(NO3),, UO,-
(hydroxynaph-3-amtp), (NOj),, UO, (sal-3-amtp)-
(NO,) (bipy) and UO, (sal-3-amtp)(NO;)(ophen)
do not exhibit any strong band around 1380 cm-1
but show two bands at 1505-1515 and 1280-1295
em—! characteristic of y;(NO) and v4(NOy(as)
modes respectively of the nitrate group in Cyy sym-
metry!®1®  indicating that the nitrate group in the
complexes is not free but is coordinated®. Electrical
conductance data also support this view. The
bidentate nature of nitrate group is revealed by the
presence of bands®’2t at 1030-1040 cm— (v,), 765-
800 cm-1 (vg)., 730-750 cm—*(v;) and 675-680 cm-!
(v¢). The combination bands (v, + v;) and (v, +.v5)
appear at 1765-1790 and 1725-1740 cm™! respective-
ly. For bidentate coordination of nitrate group3>24,
the energy separations between the bands
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(va+vs), (2 Fv5); (1Fvs), (Vo va); (Vi-vg); (V3 — vg)
o ofhe ety T2 S O G )
~38-71 cm™ respectively; these energy separations
lie ~16-21. ~115-135, ~105-115, and ~13-20 cm—?
in monodentate nitrate complexes??-24, We have
observed the energy separations of these bands to
occur in the range 40-55, 220-260, 215-220 and 65-75
cm~! respectively indicating the bidentate coordi-
nation of nitrate group.

The electronic spectra of [UO, (sal-3-amtp)-
CH,0H],, UO,(sal-3-amtp),, UQO,(sal-3-amtp),-
(NO,), and UO,(sal-3-amtp) (NO,)(bipy) exhibit a
new band around 20000 cm~! which is assigned to
the 1Eg+—— 3m, transition, typical of OUO moiety?2s.
The analytical and IR data and valence requirement
of the metal ion indicate the neutral tridentate (ONS
donor), monobasic bidentate (ON donor), mono-
basic tridentate (ONS donor) and dibasic tridentate
(ONS donor) nature of the schiff bases in the
complexes UO,(LH,),(NO;),, UO,(LH),,UO,(LH)-
(NO;)(AA), and [UO,L.CH,;OH]. respectively. The
absolute coordination number of uranium appears
to be six, seven, nine and twelve in the complexes
UO,(LH),, [UO,L.CH;0H],, UO,(LH)(NO,;)(AA)
and UO,(LH,),(NO;), respectively.

The authors are thankful to the Department of
Atomic Energy (Govt. of India), Bombay 400 039
for financial assistance.
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Chelates of Cu(Il), Ni(II), Co(IT), Fe(III), Mn(lI), oxovana.
dium(IV), Zn(II), 2nd dioxouranium(VY) with salicylic acid-urea-
formzaldchyde copolymer (SUF) have been prepared and charac-
terized on the basis of their elemental analyses, magnetic suscepti-
bility measurements, infrared and electronic spectral studies.
Except for the oxovanadium(IV) chelate, all the other chelates
are assigned distorted octzhedral configuration. Most probably,
oxovanadium(IV) chelate may have a square-pyramidal structure.

ME’-I‘AL chelates of salicylic acid-formaldehyde

polymer are reported to be useful in photo-
graphic development! and for pressure-sensitive copy
paper?. We have earlier prepared and characterized
salicylic acid-urea-formaldehyde (SUF) copolymer?®.
The probable average repeating unit of the copolymer
has been assigned as (I).

COOH
o OH o .
1
CHiNH-C-NH-CH2
n

We report here the preparation and characterization
of Cu(II), Ni(II), Co(II), Fe(IIl), Mn(II), oxovana-
dium(IV), Zn(lI) and dioxouranium(VI) chelates
with SUF.

All the chemicals used were either Sarabhai Merck
reagents or other reagents of C.P. grade.

The ligand SUF was prepared by heating the stoi-
chiometric proportion of the concerned monomer in

the presence of dil.HCl as a catalyst at 100°C for
5 hrd.

Preparation of chelates— Copper(IT) nitrats (1.81 g,
0.0075 mol) was dissclved in DMF-water mixture
(100 ml). The ligand (3.33 g, 0.015 mol) was dissolved
in DMF (100 ml). Both the solutions were f{iltered
through a G, sintered funnel and the metal ion solu-
tion was added dropwise to the polymer solution with
constant stirring. A saturated aq. solution of sodium
acetate was added to the above mixture when an
yellowish-green product precipitated out (pH == 6.0).
The product was digested for sometime on a water-
bath, filtered and washed successively with DMF,
hot water and acetone. The air dried chelate was
powdered and allowed to dry in an oven at 60°C
for 2 hr; yield, 3.2 g. Other chelates were prepared
employing the same procedure. For Ni(II), Co(II),
Fe(III), Zn(Il) and dioxouranium(VI) chelates, me-
tal nitrates were used while chloride and sulphate
salts were used for Mn(II) and oxovanadium(IV)
chelates repsectively. Elemental analyses of these
chelates are presented in Tablel.

All the chelates under study were found to be
insoluble in common organic solvents except the
oxovanadim(IV) chelate which was slightly soluble
in DMF and pyridine. Decomposition points of
these chelates and ligand lie around 200°C and 210°C
respectively indicating the chelates to be less stable
than the polymeric ligand. The metal ion contsnt
in each chelate was estimated by titrating against
standard EDTA and by the gravimetric (oxide)
method, after decomposing the parent chelate. C, H
and N were determined by microanalytical methods.
Tihe metal analyses indicated 1 : 2 (metal : ligand)
stoichiometry for divalent metal ion complexes and
1 : 3 stoichometry for Fe(III) complex.

Reflectance spectra of the chelates were recorded
on a Beckman DU spectrophotometer using MgO
as the reference. Magnetic mecasurements were
made on a Gouy balancs.

The diffuse electronic spectrum of Cu(Il) chelate
shows a weak broad band, poorly resolved into two
bands; one at 13070 cm—! and the otherat 11770 cm—1.
The bands may be assigned to 2B, — 2B,, and
*B,, — %4,, transitions respectively. An intense
band at 24390 cm— may be of charge-transfer crigin®.
These band positions suggest a distorted octahedral
structure for the chelate®. The electronic spectrum of
Ni(II) chelate shows three bands [9250, 14155 and
25310 cm™!'; assignable to 34,y — 3T,y 3A4,, >
3T1s(F) and 34,, - 3T4(P) transitions respectively]
as normally expected for octahedral Ni(I) chelatess.
The reflectance spectrum of Co(II) chelate is less
resolved and dissimilar in band envelope from both
octahedral and tetrahedral Co(II) chelates’. How-
ever, an approximately octahedral structure can be
predicted from the positions of the observed bands.
It shows a very broad and weak band (v,) at 8300
cm-! and a medium band at 19420 cm~* which may
be assigned to 4Ty, (F) > T, (F) and 4T, (F) ~
‘T.o(P) transitions respectively. The reflectance
spectrum of Fe(IIl) chelate exhibits three bands in
the regions, 14290—17850, 21980 and 28170 cm-!
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