
Thermochrmrca Acta, 131 (1988) 273-277 
Elsevler Science Publishers B V , Amsterdam - Pnnted m The Netherlands 

273 

VIBRATIONAL AND THERMAL BEHAVIOUR 
OF NICOTINIUM DICHROMATE 

C M PALOPOLI, S B ETCHEVERRY and E J BARAN * 

Departamento de Quimrca, Fact&ad de Ctettcras Elactas. Uttrr~etsrdod Nat rotwl de La Pltrtcr 
1900-La Plats (Argentrna) 

(Received 4 December 1987) 

ABSTRACT 

The Infrared and Raman spectra of mcotmmm dlchromate (C,H,O,N),Cr,O, were 
recorded and dlscussed The most remarkable result of this analyslr IS the apparent evlrteme 
of amons with lmear Cr-0-Cr bridges m this crystal lattice The thermal beh‘lvlour wets 
investigated by means of TG and DTA measurements The pyrolysis IS very complex and 
resembles m certain aspects that of (NH,),Cr,O, CrzOJ IS obtamed as the only fIndI sohd 
residue 

INTRODUCTION 

The preparation of 3-carboxyplndlmum dlchromate (C,H,0,N)zCr20, 
(mcotmmm dlchromate, NDC) and Its use as a very efflclent reagent for the 
oxldatlon of alcohols mto carbonyl compounds have been described recently 
[1,2] It 1s mterestmg to obtam a deeper mslght mto the general 
physlcochemlcal properties of this compound In this paper, we report 
details of Its vlbratlonal-spectroscopic and thermal behavlour 

EXPERIMENTAL 

NDC was prepared by reactlon of cold (O-5 “C) aqueous solutions of 
CrO, and mcotmlc acid m a 2 1 molar ratlo and subsequent addltlon of cold 
acetone to preclpltate the substance as a fme mlcrocrystallme orange powder 
The product was flltered off and washed with acetone and dlchloromethane 
untd the fdtrate became colourless [1,2] 

Infrared spectra were recorded with a Perkm Elmer 580 B spectropho- 
tometer using the KBr pellet techmque Raman spectra were al\o obtained 
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on KBr pellets, using a Spex-Ramalog 1403 double monochromator spec- 
trometer, equipped with a SCAMP data processor The 514 5 nm line of an 
Ar-ion laser was used for excitation 

Thermogravlmetnc and differential thermal analyses were carried out 
simultaneously on a figaku thermoanalyser (type YLDG/CN 8002 L2) 
using Pt/Pt(Rh) thermoelements and workmg under a constant flow of N, 
(041nm-’ ) Al,O, was used as a DTA standard The heating rate was 5 o C 
mm-’ and the sample weight ranged between 6 and 8 mg The use of h@er 
heating rates and/or sample amounts usually caused the matenal to proJect 
out of the sample holders due to the violence of the lmtlal degradation step 

RESULTS AND DISCUSSION 

Vzbratzonal spectrum 

The IR bands related to the C,H,O,N+ cation show only shght modlflca- 
tlons m relation to those of the pure mcotmlc acid. On the other hand, those 
related to the internal vlbratlons of the Cr,Of- amon are very interesting. 

Figure 1 shows a part of the IR spectrum of (C,H,O,N),Cr,O, m which 
most of the characterlstlc vlbratlons of the amon can be clearly identified 
The stretchmg vlbratlons show a certam resemblance to those found m 
simple morgamc dlchromates, such as K,Cr,O, [3-51 and Cs,Cr,O, [6], 
although they are more defined and less broadened. Tl~s behavlour 1s 
characterlstlc of oxoamons associated urlth bulky organic cations [7-91 and 
1s essentially related to the screening effect of such cations, whch dnnmlshes 

Fig 1 Infrared spectrum of (C,H,O,N),Cr,O, between 1000 and 525 cm-’ 
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TABLE 1 

Proposed assqnment for the mternal vlbratlons of the Cr,O:- amon m NDC (values m 
cm-‘) 

Infrared Raman Assignment 

980,960,940 957 w UCrW 
915 907 vs zi(CrQ) 
840 a - v,, (CrOCr) 
_ 341 w v,(CrOCr) (7) 
360 m 377 w S(CrQ) 

a Partially overlapped \nth a catlon band vs, very strong, s, strong, m, medium, w, weak 

to a great extent the mteractlons and couphngs between the amons m the 
crystal lattice 

It 1s also very interesting to note the absence of IR bands asslgnable to 
the symmetnc Cr-0-Cr bndge stretchmg vlbratlon TUB behavlour suggests 
the presence of a linear or practically linear bndge, a novel sltuatlon because 
no other crystallme dlchromate with ths structural pecuharlty has been 
described so far 

The Raman spectrum 1s much simpler than the IR spectrum It only 
shows hnes related to the amon vlbratlons, those of the catlons are very 
weak and diffuse The assignment of the mternal vlbratlons of the Cr,O;- 
amon 1s shown m Table 1 

The assignment of the antlsymmetrlc stretchmg 1s difficult because m the 
IR regons m whch it 1s expected, the organic cation also has strong bands, 
and this mode 1s usually very weak m the Raman effect [3-61 On the other 
hand, m X,0, systems with linear X-O-X bndges, this stretchmg may he at 
lugher frequencies than the Y,,(XO,) modes (as m the thortveltlte-type 
dlarsenates [lO,ll], dlslhcates, dlgermanates and dlphosphates [12,13]) or 
keep its posltlon at lower frequencies than all the stretchmg modes of the 
termmal X0, groups (as m the dlvanadates [14,15]) 

To clanfy ths aspect we have made some approximate model calculations 
for the tnatormc Cr-0-Cr system, using the force constants obtamed for 
K,Cr,O, [5] and a standard set of equations [16], and analysmg the 
dependence of both stretchmg vlbratlons from the bridge angle This calcu- 
lation supported the assignment gven m Table 1 

The assignment of termmal deformation and torsional modes 1s also 
difficult because m the low frequency region of the IR spectrum, the organic 
cation also has a great number of bands. As indicated m Table 1, only one 
of the 6(CrO,) modes could be ldentlfled wth certamty (at 360 cm-‘) 

Thermal behavlour 

Nlcotlmum dlchromate melts with decomposltlon at around 215 o C [1,2] 
The thermal decomposltlon occurred explosively between 210 an 230” C, 
when large samples were heated 
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Fig 2 A typlcal TG and DTA plot for (C,H,O,N),Cr,O, 

Typlcal DTA and TG plots, recorded with a small quantity of sample and 
a slow heating rate, are shown m Fig 2 As it can be seen, the pyrolysis 
occurs at least, m two steps Small weight losses can be observed even at low 
temperatures, but the first clear and strong step begms at 216” C and 1s 
associated with the very strong and sharp exothermlc peak (T,,, = 228 o C) 
m the DTA diagram In this first step a mass loss between 20 and 25% could 
usually be observed This would be consistent with an oxldatlve-decarboxy- 
latlon, according to 

(C,H,O,N),Cr,O, + [Cr,O, 2C,H,N] + H,O + 2C0, + $0, (1) 

a process with a theoretical weight loss of 26 7% 
The IR spectra of the intermediate phase, collected after mterruptlon of 

the heating at 350-380 o C are usually poorly defined although some of the 
typical pyrldme bands are observable 

The subsequent TG step 1s related to a further degradation of this 
intermediate chromium(V) species During this last process, pyrldme could 
be slowly released and/or suffer another oxldatlve degradation During this 
stage of the thermolysls, no clear DTA signals can be observed, although 
two very broad and badly defined features at 330 and 445” C can be seen 

Better analysis and characterlzatlon of all the pyrolysis intermediates 1s 
very dlfflcult, due to the violence of the reaction when larger samples were 
mampulated However, the final product could be identified unambiguously 
as Cr,O, 

[ Cr,O, 2C,H,N] + Cr,O, + 2C,H,N + 0, (2) 

completing a total weight loss of 67 3%, which 1s m good agreement with the 
experimental values usually observed during the thermolysls experiments 

It IS evident that the degradation of NDC resembles m some aspects that 
of (NH,)&r20, [17] Also m this case the reaction occurs explosively and 
dn mtermedlate Cr(V) oxldlc species, which finally generates Cr,O, as the 
ultmate degradation residue, 1s stabilized 
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