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Syntheti zeolite 13Xhas been treated with cone HCl
complexon Titriplex IV and metal ions like T1(I) and
oxovanadi m(IV) before ammoniation to yield dark
brown an white derivatives respectively. Structural
studies of t ese derivatives before and after calcination
have been c rried out using XRD and 27AI and 29SiMAS
NMR dat· with complimentary IR data. Thermal
behaviour fthese two derivatives have been reported on
the basis of G, DTG and DSC results and percentages of
carbon and litrogen obtained have been used to compute
the extent f complexing agent present.

Treatment fzeolites with mineral acids or chelating
agents cau es dealumination of their aluminosilicate
framewor 1. On the other hand, ammonium ion
exchange ollowed by heating (ultrastabilization)
brings a ut dealumination accompanied by
changes in the surface characteristics2. Combined
interaction of a chelating agent in strong mineral acid
followed b ammoniation with a mixture of synthetic
zeolite an metal ions is not widely known. This
note repo ts the interaction of TI(I) and oxo­
vanadium (IV) with I, 2-diaminocyclohexane
NNN'N'-t traacetlic acid, a complexone
commercia Iy known as Titriplex IV, with synthetic
zeolite X i the presence of cone HC!. The two solid
derivatives were isolated from the resultant viscous
fluids by neutralising the acid with aqueous
ammonia. he TI(l[) and oxovanadium(IV)-treated
derivatives were also calcined at 700-800°C in a

muffle furn ceo Thl~ two new derivatives with TI(I)
and oxova adium{IV) species and their calcined
residues ave been characterised by several
techniques. Thallium, and particularly thallous,
solutions a e high]!y toxic3. Vanadium-containing
zeolites ha e been used to catalyze heterogeneous
oxidation I' sulphur dioxide. This study helps to
establish th structures of the new potentially useful
derivatives n the area of environmental protection
and catalys S.

Experimental
Sample preparation

Equal quantities of synthetic zeolite 13X (IPeL),
Titriplex IV (Merck, mol. formula CI4H22N20g.H20)
and VOS04 and TIN03 (AR grade) were mixed in
35% wjv HCI (AR) (sp. gravity = 1.18) and warmed.
For oxovanadium(IV) derivative, a blue viscous fluid
resulted while for TI(I) derivative nitrous fumes were
evolved, which was accompanied by the formation of
a dark brown fluid. The fluids were treated with a

sufficient amount of aq. ammonia (sp. gravity =
0.888; 32.5% wjv) to reprecipitate white and dark
brown solids, respectively. These were filtered on
Whatman No. I filter paper, washed thoroughly with
hot distilled water and air dried. A portion of each
derivative was next heated in a muffle furnace at
700-800°C for 3 h. A dirty white residue was obtained
for oxovanadium(IV) and a mixed carbonaceous
yellow refractory residue for TI(I)- Titriplex IV
derivative of zeolite X.

The new derivatives have been examined using TG,
DTG and DSC using Mettler TA3000 thermal
system, in static air and at a heating rate of 10 K
min -1, FTIR in KBr pellets in the range of 4000-400
cm - 1, XRD using CuKe"radiation between 28 angles
of 5 and 50°and analysis of carbon and nitrogen with a
Carlo Erba 1108 analyzer. Zeolite X interacted with
TI(I)-Titriplex IV and oxovanadium(IV)-Titriplex
IV (Samples 1 and 2) produced samples 3 and 4
respectively after heating in the muffle furnace.
Magic-angle-spinning (MAS) NMR spectra were
recorded at 9.4T on a Chemagnetics CMX-400
spectrometer. 29Sispectra were acquired at 79.5 MHz
with 2 JlS (30°) pulses and 90s recycle delays. 27Al
spectra (Fig. I) were measured at 104.3 MHz with
very short, 0.6 J.lS (less than 10°), radiofrequency
pulses and 0.3s recycle delays. The rotors were spun in
air at 4.5 KHz in 2! double-bearing probehead. 29Si
and 27Al chemical shifts are quoted in ppm from
external TMS and AI(H20}~ +, respectively.

Results and discussion

The crystal structure of sample 1 is relatively less
affected by the acid treatment and chelation. It shows
8 crystalline peaks with maximum peak intensity at
d-value 3.04A. Sample 1 on heating resulted in
derivative 3 which shows 22 crystalline peaks with
maximum peak intensity at 28= 29.48Y. Sample 2
exhibits amorpholls characteristics with no clear
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Fig. I-MAS NMR spectraof27AI for 13X. (1)&(3) for sample 1
& 3; (2) & (4) for sample 2 & 4
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Table I-X-ray diffraction data

ii-value ii-value Relative

al(A) az(A) intensity (0/0)

4.2865 4.2970 7.3
3.0366 3.044\ \00.0
2.6231 2.6295 36.3
%.4808 2.4869 4.5
2.2409 2.2464 3.3
2.0603 2.0654 6.0
1.9191 1.9238 2.5
1.8554 1.8600 31.0

7.3510
6.1291
5.5041
5.0337
4.6465
4.3446
3.7256
3.6\23
3.5506
3.4140
3.3039
3.1947
3.1472
3.0807

29485
30.895
31.320
33.425
34.130
34.920
36.280
37.080
37.780
38.405
39.200
39.850
41.105
41.895
42.605
43.715
44.235
45.270
45.750
46.330
47.030
48.340
48.975

20.705
29.390
34.155
36.180
40.210
43.910
47.330
49.060

12.030
14.440
16.090
17.605
1~085
20.425
23.865
24.625
25.060
26.080
26.965
27.905
28.335
28.960

13.395 6.6048 6.6210
16.605 5.3345 5.3476
21.875 4.0598 4.0698
26.170 3.4024 3.4108
31.130 2.8707 2.8778
33.350 2.6845 2.6911
35.430 2.5315 2.5378
41.025 ·2.1983 2.2037
42.770 2.11252.1177

a I = 1.54060A, a2 = 1.54439A
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peaks but only a hump-like diffraction pattern.
Sample 4 obtained after heating sample 2 becomes
partially crystalline with maximum peak intensity at
28 = 41.025°. All four samples are, however, quite
different from the original zeolite X which showed
well-defined intense peaks at 2e= 6.1250°,23.3050°,
26.6500° and 30.9350° (Table 1).

The infrared spectra of zeolites show some
characteristic features. Bands at 1000-1100 cm-1

and 400-500 cm - 1 are assigned to asymmetric
stretching and TO bending of the T04 unit,
respectively. The IR absorption at 500-600 em -1 is
considered to be due to ring vibrations. Besides these
basic features, all four samples show IR bands for
high frequency and low frequency OH groups
vibrations at 4000-3000 cm -1. Similarly all show IR
bands for > CH2 and Si-H at 2300-2900 cm -1.
Sample 1 shows a·hand at 1416 cm -1 (C02) which
disappears on heatirrg in sample 3. In the case of
sample 2, two bands appear at 1537 cm -1 and 1400
cm - 1 for NHl and CO2 respectively and the latter
disappears due to heating in sample 4. Heating of
sample 2 also brings about the appearance of the
bands :tt 905 and 796 cm - 1 corresponding to changes
in the framework structure like further dealumina­
tion.



Therma data as obtained from TG, DTG and DSC
studies ar presented in Table 2. Sample 1exhibits
weight los in four steps, the first and the fourth being
more pro inent, the latter showing maximum rate
loss bet een 587.5 and 697SC with pea\(
temperat eat 697. 7·C. Sample 2 on the other hand
exhibits tree steps Qfweight losses up to 500·C, the
step bet en 80.0 and 298SC being the most
prominen . Sample 2 is much less thermally stable
than sam Ie I with the highest peak temperature at
363.'5·<::. is not possible from the TG and DTG
results to actually pinpoint the nature of thermal
events. Ze lites show weight loss for dehydration and
dehydrox lation and zeolite X conforms to this total
loss of 26. 5% which is quite close to the expected loss
of its wat r content. Samples I and 2 with different
interacted species like Tl(I), oovanadium(IV) and
the orga 'c reagent do not conform to known
behaviou of the starting materials such as TIN03,
VOS04 0 the organic reagent4.

But th nature of residue for sample t clearly
suggests t at it contains similar products as that
reported i the solid state interaction of Kalignost
and TI(I)- xchanged zeolite AS• Thus the successive
thermal vents in sample 1 are dehydration,
dehydrox lation, oxidation and decomposition of
th~ <:omp! 'S0n~resulting in a b~ackish product mixed
with yell 'w granules. The oxidation to TI203 and
reduction to Tl20 can occur first at 435.8-587~5°C­
and then' 587.5-697SC. The last step weight loss of
'" 6.5% a the fastest rate of weight loss for sample 1
agrees we I with the expected loss of ""7.3% for the
~eaction r 2()3 + 4H =ThO + 2H20. Altern~tively,

828

Sample

Sample 1

Sample 2

INDIAN J CHEM. SEe. A, OCTOBER 1995

Table 2- Thermal data [Temp. range = 25-7()()OC;heating rate = 10'(' min -1]

Sample: Wt. loss (%) Total wt. Rate of wt. Peak temp. Colour
wt. (mg) (temp. range) loss (%) loss (% min-J x IO-J} ("C) change

16.586 7.20(26.7-325.0) 17.88 2.42 • 34.2 brown to grey and yellow
1.53(325.0-435.8) 1.38~ 360.8
2.70(435.8-587.8) 1.78 552.5
6.45(587.8-697.5) 5.86 696.7

I' 13.404 5.21(27.5-80.0) 25.03 9.94 52.5 white to otf-white13.75(80.0-298.5) 6.29 106.0
6.07(300.0-500.0) 3.04 363.5

Sample Sample Temp. range!!H (mJ)!!HPeak temp.
wt.(mg)

CC) (J/H)("C)
Endo

Exo

Sample 1

16.59725-1902485.7 149.7769.3
190-240

125.92 7.587208.7
280-440

588.51 35.459323.6
440-520

119.28 7.187478.4
27.691

1.669562.4

Sample 2

6.13425-2402706.9 441.2968.4
25-540

11115.0 1812.1119.5

the reported volatilisation of thallous chloride above
425.0·C with the weight loss 01'2.23% at 475.0·C may
also occur at 435.8-587SC as the weight loss of
2.70% recorded over this temperature range suggests
this possibility6. The exothermal reaction at
520-580·C (/'iH = 27.691 mJ) with peak temperature
at 562.4·C found for sample 1 by DSC can be
attributed to such behaviour. The carbon content of
0.4805% corresponds to 0.0l 04 mol ofTitriplex IV in
sample 1. Sample 2 contains only 0.439% carbon
( = 0.0095 mol complexone), but 3.25% nitrogen
(= 4.09% NH :n. This indicates the possibility of the
presence ofNHt as cation or adsorbed ammonia in the
acid form of dealuminated zeolite support. This
would explain the three step weight loss as
deammoniation, dehydration and decomposition of
complexone for sample 2. The peak temperatures of
52.5, 106.0 and 363SC confirm these steps. The
residue of sample 2, dirty white in colour, indicates
presence of traces of carbon as a result of the
decomposition of the complexone.

27 Al MAS NMR spectra
Sample I has the ratio of 4-coordinate Al (at 56

ppm) to 6-coordinate Al (at 6.8 ppm) of ca. I: I. In
5ample 3, obtained after heating sample 1, only
4-coordinate Al is observed. (Fig. 1). Because of the
presence ofa quadrupole power pattern, it is difficult
to say how many Al peaks are there although there
should be atleast two. The spectrum shows that the
environment of Al is not very symmetric. Sample 2
,~as the, ratio of 4-coordinate Al (at 56.6 ppm) to
6-coordinate Al (at 2.6 ppm) of ca. 15:I. Sample 4

-
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Fig. 2- IH_29Si CP/MAS NMR spectra for 13X, (I) & (3) for
sample 1 & 3; (2) & (4) for sample 2 & 4

contains both 4 and 6-coordimlte Al at ca. 56.6 ppm
and ca. 0736 ppm respectively. The environment of
4-coordinate Al is much more asymmetric in sample ~
than in sample 2.

-50 -100 -150 200

29Si MAS NMR and l/lP9Si CPjMAS NMR
spectra

Insample 1, no signal could be found for 29Si,even
using 12 min recycle delay. As there was no signal
from the cross-polarization experiment, it meant
that relaxing time in the rotating frame, Tip, bf 1His
very long: This is an indication that sample 1 has a
dense phase. In zeolites, each Si atom is accessible to
the paramagnetic O2 molecule from air which
provides relaxation for 29Si.In dense phase, this is not
the case. Sample 3, however, shows the presence of at­
least six different kins of 4~coordinate Si. In sample 2,
these are indistinguishable kinds of 4-coordinate
Si which are all different. But sample 2 after
calcination shows atleast six different kinds of
4-coordinate Si (Fig. 2).
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