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3.3’-Dimethyl is an us&d redox indicator for ;nc(II} vs. 
potassium hexacyanoferrate(I1) titration. It has also been used in other redox 
titrimetric methods [I-J]. The oxidised form of the indicator has a purple-red 
colaur and tlte reduced form is colatrrless. Haweuer, the calour c2tauge 
obsservea at tie end-p&n1 is Erom pm@+refi ID greyish-green DW&J to the 

presence of excs5s hexac-jan&rra$ ions. A s&&on of this indi~a%or in 
glacial acetic acid was sorbed on synthetic zeolite 3A and interacted with 
aqueous potassium hexacyanoferrate(I1) solution at the temperature of the 
water bath. The interaction resulted in the formation of a dark blue product 
resembling Prussian blue. The thermochemical behaviour of this new prod- 
uct on 3A has been reported on the basis of thermogravimetric analysis and 
X-ray diffraction and Miissbauer spectroscopic data obtained with it have 
been incorporated for its characterisation. Reflectance data of the new 
product before and after heating in a nickel crucible have been used for 
detaemiCn~ ‘rhe nature o!i ‘be tnemochemi~ changes. 

A portion of zeolite 3A in powder form was first heated with 3,3’-dimeth- 
ylnapWid&, An&s, in glaci;il acetic acid on a water bath. The 5ltered and 
dri& zec&e sample W$I’B tie sorbed *5nbjca1or was BE_& hated tih an 
aqueous porassium hexacyanoferrate@) s&t&n and heated once again on a 
water bath. An immediate colour change occurred resulting in the sedimen- 
tation of a dark blue product. This new zeolite derivative was filtered and 
dri& in ho\ in Erom an air dryer/ SimmSaneou59y, tie h3kab.. shhm >n 
glatciti acetic acid was simihly hare13 m a wa)et b&h wjl%, a22 2422~22s 
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Fig. 1. Mbssbauer spectra of DMN and K,Fe(CN), interacted zeolite 3A. 

potassium hexacyanoferrate(I1) solution. This interaction, however, did not 
produce the observed colour change in the presence of the zeolite support. 

Mossbauer spectroscopic data of the dark blue product supported on 
zeolite 3A were obtained at room temperature and the parameters evaluated. 
Figure 1 and Table 1 show the Mossbauer spectra and the Mdssbauer 
parameters of this new product. An X-ray diffractogram (Fig. 2) for this 
product was obtained at chart and scanning speeds of 2 cm min-’ and 2” 
min-‘, respectively, and a range of 400 c s-‘. The X-ray data evaluated from 
28 values with respect to CuK, radiation of wavelength 1.5418 A are given 
in Table2. The TG data of the indicator-sorbed zeolite and its potassium 
hexacyanoferrate(II)-interacted form were obtained on a Thermobalance 
supplied by FCIL, Sindri, at a heating rate of 10°C min-’ in air. The two 
TG plots are reproduced in Fig. 3. 

A part of the new product supported zeolite 3A was heated in a nickel 
crucible for several hours. The resultant dark brown residue, alongside the 

TABLE I 

Mbssbauer parameters 

Isomer shift ** 

(mm set-‘) 

Half line width 
at half height 
(mm xc-‘) 

Quadrupole shift Relative area 

(mm set-‘) @) 

0.263 (9) * 0.166 (18) 0.160 (23) 57.8 (8.0) 

0.647 (58) 0.266 (58) 0.439 (63) 42.2 (10.4) 

OR 

0.528 (26) 0.190 (32) 0.704 (40) 32.5 (6.3) 

0.329 (9) 0.225 (24) 0.000 (0) 67.5 (7.8) 

* Figures in parenthesis are standard deviations in terms of least significant figures. 
** With respect to sodium nitroprusside. 
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original sample were both used for optical reflectance studies in magnesium 
oxide. The data were recorded on a VSU-2P type spectrophotometer be- 
tween- 200 and 1000 nm. The absorbance vs. wavelength plots are shown in 
Fig. 4. The iron content in the zeolite samples before and after heating were 
deteTmk& from +AeG S&&M in a+~, &a on a Be&ma% M&e< <232 

TAB&E 2 

X-Ray data for zeolite 3A 

Ref. 6 This work 

12.30 100 
8.81 70 
7.20 30 
5.53 20 
5.03 5 

4.38 35 
3.73 60 
3.44 25 
3.26 20 
3.00 55 
2.91 Ia 
2.Ti- IV 

2.63 10 
2.53 10 
2.19 5 

1.92 10 
1.86 5 
1.75’ 5 
1.69 3 

100 
110 
111 
210 
211 
220 
300 
311 
320 
321 
322 
330 
g,Lx 
421 
332 
422 
440 
442 
443 
630 
Z&P 
352 

12.28 s 
8.67 m 
7.03 m 
5.10 S 

4.08 m 

3.68 VS 

3.39 S 

3.27 s 
2.94 s 

2.94 vs 

L. i-3 S 

2.54 m 
2.15 m 
2.10 W 

1.91 W 

W 

W 
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Atomic Absorption spectrophotometer and were found to be 7.46 and 6.47%, 
respectively. 

673 
TEMP'K 

Fig. 3. TG plots for I, DMN sorbed zeolite 3A and II, its K,Fe(CN), interacted form. 

Fig. 4. Absorbance vs. wavelength (nm) plots. -, DMN and K,Fe(CN), interacted 
zeolite 3A; @-O-O, preheated form. 



249 

RESULTS AND DISCUSSION 

The investigations carried out on the zeolite derivative supporting the 
inters&& SF&es L&V& L&Q B ,Wa’ p-&c> &lT B ~fi~%?~~~ sl&+~ ?0 
Prussian blue is fumed as a result of catalytic oxidation of potassium 
hexacpm&ti&@). T?ffL YRfppwh~ TTiedim, d -zx!&& 3A wit-k Qk&& ‘3x&d 

redox indicator acts like an electron-exchanger bringing about this oxidation. 
The regular crystalline and internal porous structure of the zeolite permits 
the diffusion and interaction of the reactants leading to the formation of the 
dark blue pigment. Under similar conditions but without the zeolite, no 
Prussian bts~ is <ati a% t*fi inWac-i&i +&w= r&e 0+&& form 0f 
3,3’-dimethylnaphthidine and potassium hexacyanofenate(I1). The following 
mechanism for the zeolite supported reaction can be suggested. 

3,3’-dimethylnaphthidine,, + ne = 3,3’-dimethylnaphthidine,,, 
Purple-red Colourless 

7 K’,+ [Fe”(CN\J t- 28 H,Q - 28 e = Fe3,+ @%QqJ>-t 28 KQH 
Greyish-green Dark blue 

+24HCN+2H, 

28 KOH + 28 CHJOOH = 28 CH,COOK + 28 H,O 

The Mossbauer spectra of the zeolite support after the interaction of the 
sorbed jnticator and potassium hexacyano$errate(II) show the presence of 
both Fe(I1) and Fe(II1) forms as indicated by the asymmetric splitting of the 
spectra [4,5]. The d spacings and intensities obtained from the X-ray diffrac- 
togra ii.? & 2Lp Z&+&Z &?1Yi+? &?se k&T cW+iiY* $+‘I’& &E X-L%?7 &?&? ,?c 
zeolite 3A [6] in Table2. 

Of the d spacings found with the new zeolite derivative 7.03, 5.10, 3.68, 
3.27, 2.96, 2.50, 2.15, 1.91, 1.73 are also found in the X-ray diffraction 
pattern of Fe(II)-exchanged zeolite 3A [6]. 

The presence of the redox indicator as sorbed species in ,the zeolite is 
indicakeb ‘ny tie JR spe&s$~ ba\a o%\$neb ‘irom SW% IO 65% cm-’ in XBr. 
Strong bands at 3300, 1580 and 1480 cm-’ and weak ones at 1420 and 1360 
cm-’ are visible owing to NH groups, C-H stretching and C=C stretching 
vibrations in the aromatic r&g as me\\ as C-H de&m&on and C-CH, 
group vibrations. A very prominent and broad band between 1300 and 840 
cm-’ is found for the usual Si-0 and Al-O bond vibrations. 

The TG plot of the indicator-sorbed 3A exhibits two major weight loss 
steps, from 433 to 493 (15.6%) followed by 493 to 633 (46.9%). These steps 
can be attributed to dehydration and desorption of acetic acid. A further 
3.1% weight loss occurs at 673 K due to the decomposition of dimethylnaph- 
thidine. Minor weight loss steps are observed due to initial dehydration and 
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desorption of acetic acid around 373 and 393 K. The earlier weight loss steps 
account for 9.4% loss upto 413 K. The total loss of 75% indicates a very high 
degree of sorption. From the variations in the rate of weight loss four major 
events can be predicted for the zeolite sample supporting the products of the 
interaction with the indicator and potassium hexacyanoferrate(I1). The first 
event, dehydration (6.0%) proceeds until 473 K. This is followed by a 
continuous weight loss step ( 16.6%) up to 7 13 K during which loss of acetic 
acid occurs and decomposition of the sorbed species commences. The third 
step, between 713 and 853 K, corresponds to the oxidation of the mixed 
products (7.0%). Decomposition of cyanogen (5.0%) proceeds from 853 K 
until a horizontal is obtained at 953 K. Due to the presence of other sorbed 
components the thermal behaviour is this zeolite derivative differs consider- 
ably from the known behaviours of potassium and other hexacyanoferrates 
[7-91. 

There are three small peaks at 240, 370 and 400 nm in the absorbance vs. 
wavelength plot of the dark blue sorbed derivative of 3A before heating. 
There is a regular increase in the absorbance values from 435 and a 
maximum is attained at 800 nm. The plot represents a number of sorbed 
components in 3A. The plot obtained for the preheated sample shows the 
effect of thermal decomposition of the sorbed species and is quite different 
from the one obtained before heating. The two plots cross each other at 330 
and 5 15 nm and in the two regions between 330 and 5 15 and beyond 5 15 nm 
the reflectance characteristics vary considerably. 

The analytical data for iron in the two zeolite samples before and after 
heating indicate the formation of an insoluble iron compound as a result of 
heating. This residue can only be the oxide. 
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