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DTA (DSC) and TG curves of fourteen commercial, non-prescription vitamin 
preparations are presented. Although each vitamin preparation Save a unique DTA 
or TG curve, thermal analysis proved to be unsatisfactory for most quahtative pur- 
poses other than the recosition of the goss curve features. Most of the significant 
features of the curves are related to the binder or filler material since this constituted 
the bulk of the samples. The complexity of the mixtures made it diflicult to assign 
specific DTA curve peaks to a given vitamin. 

I?XRODUCTlON 

The application of modem thermoanalytical techniques to the analysis of some 
common non-prescription pharmaceutical products has recently been reported in a 
series of papers by Wendlandt and co-workers’* ‘. These studies have now been 
expanded to include thermal analysis data for some non-prescription commercial 
vitamin preparations. These vitamin preparations are reported to be of dubious health 
value in all except the most extreme cases of malnutrition and vitamin deficiency but 
nevertheless are subject to hish consumer demand and are soId in vast quantities3. 
The investigation of the thermal properties of these products was deemed worthwhile 
even thou+ the chemical complexity of vitamin molecules combined with small 
quantities present in standard dosage forms makes interpretation of the curves 
exceedingly difficult. This study is concerned with the gross observations of the thermal 
behavior of the total vitamin product, i.e., the 
identify similarities and differences between the 
different manufacturers. 

EXPERIMEXTAL 

vitamins plus binders, and seeks to 
formulations of similar products by 

The non-prescripticn vitamin preparations used and their commercial sources 
are given in Table 1. The compositional data, when known, is that given by the 
supplier and is only approximate. 

To whom correspondence should be addressed. 
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Thennobalance 

A DuPont Model 950 thermobalance was used to record the TG curves. Sample 
sizes ranged in mass from 5 to IO mg and were run under a dynamic nitrogen atmos- 

phere at a heating rate of 10°C min- ‘. 

DTA (DSC) apparatus 
A DuPont DSC cell (which is actually a DTA cell) was used in conjunction with 

the .Vodel 900 DTA console. It was found that very non-reproducible curves were 
obtained if 5-10 mg of the pure vitamin preparation was run, due to the large volume 

expansion and evolution of gaseous decomposition products. To prevenf or at least 
reduce this problem, a KBr sample pelletizing techtique was employed_ The peliet 

consisted of a “sandwich” of 5-10 mg of vitamin pressed between two 40 mg Iayers 

of KBr. After pressing in a simple home-built die at a pressure of 7,500 psi, the pellet 
had the approximate dimensions of 5 mm in diameter by J-2 mm thick. It was placed 
in an aluminum sample container using a pure KBr pellet as the reference material. 

A comparison between the DTA cures for the pure sample and a KBr sandwich 

Rexall B*C 

- OTA ___TG 

I I I 1 I ! 

100 200 300 -c 

Temperature 

Fig. 1. Comparison between DTA curves of pure sample and a KBr pellet of ResaIl B tC vita& 
CG curve also ihstrated). 

pellet of Rexall B + C vitamins is shown in Fig_ l_ Both curves show the small endo- 
thermic peaks characteristic of the sample but the pellet sample yielded more repro- 
ducible results. All samples were run in duplicate or triplicate using the KBr pellet 

technique. The heating rate used was 10°C min- I in a dynamic nitrogen atmosphere, 
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REXJL-i-S AND DI!XL.SION 

Thermogravimetric and DTA curves were 4tained for fourteen commercial 
non-prescription vitamin preparations to determine if qualitative recognition of 
vitamin components is feasible through standard thermoanalytical techniques. These 

curves are presented in Fi_gs_ 2-5. 

The primary problem encountered in the thermal analysis of the sampIes was 
the excessive expansion during decomposition_ The magnitude of this process in rela- 
tion to the reported composition of the samples suggests that the binder or fiIIer agent 
is responsible for this effect_ The swelling not only reduces peak resolution through 

Ioss of thermal contact with the pan, but also gives spurious peaks due to reIeased 
gases bubb!ing through the viscous Iiquid formed at elevated temperatures_ These 

problems were part.iaIly negated through the use of the KBr pellet technique which 

improved thermal contact and minimized sample expansion_ 

The variety of compounding techniques and choice of binder materials used in 

the various commercial vitamin products also limits the quality of data obtained by 

thermal anaIysis_ Preparations containing the same vitamin usually gave different 
thermal data for tablets from each commerciaI source_ Thus, the qualitative identi- 

fication of specific vitamins by thermal anaiysis consists of comparing curves obtained 
for an unknown with standard curves obtained for different brands of vitamins and 

noting simi!arities or, in some cases, treating the occurrence of a peak within a specified 

temperature range as an indication of the presence of a specific vitamin_ AIso, since 
most vitamins are Present only in v-cry minute quantities, i-e_, in the microgram range 

for samp!e sizes commonly used with commercial thermal analysis instrumentation, 

the absence of a peak in the characteristic temperature range for a vitamin cannot be 

construed as implying that the vitamin is absent from the sample_ The extremely 

minute concentrations present in most products is probabIy the most serious limita- 
tion hindering the application of thermal analysis to vitamin assay. 

The -fiTA and TG curves for the three vitamin C preparations (Rexall Chewable, 

Liily CevaIin, and Upjohn ascorbic acid) presented in Fig. 2 iiiustrate the diversity 

which is common in the thermal anafysis curves of sin&u commercial preparations- 

AItho=lgh a cursory inspection reveals few correlations between the curves, a detailed 

examination exposes certain simiIarities which may be characteristic of vitamin C 

preparations_ All three curves have endothermic peaks with a procedural peak mini- 

mum ten perature, AT’,_, occurring at about 13%140°C. The sh+.. and magnitude 

of these peaks wary considerabiy but this is probabIy related to the quantity and type 

of filler material present in the sample_ This peak aIso occurs in the DTA curves of 
muhiple vitamin preparations which contain vitamin C_ However, the oriti of this 

peak is unknown since the melting point of ascorbic acid (DL-racemic mixture) is 
reported as 168-169°C and the decomposition temperature4 as 190°C. Even this 

peak cannot he used as an absohrte indicator of the presence of vitamin C since thia- 
mine hydrochloride aIs0 gives an endothermic peak near this temperature interval. 

The Upjohn ascorbic acid tablets gave a substantial endothermic peak at AT&= _ 
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Fig. 3. DTA and TG curves of some commercial vitamin preparations. 
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160°C which probably represents the melting of the ascorbic acid. The TG curves 

show that mass-loss was initiated at a procedural decomposition temperature, pi, of 

about 180X which coincides with the appearance of the series of small endothermic 

peaks in the Upjohn DTA curve. The Rexall Chewable and Lilly Cevalin TG curves 
aJs0 show a mass-loss beginnin g at about 180°C but the Lilly product also sustained 

a slight mass-loss prior to this large mass-loss. All decomposition reactions above 

180°C were exothermic and resulted in a residue of a black carboneous material. 

The fusion peak was also absent in the DTA curve for Rexali niacin. Although 
four peaks can be resolved, none occur at the reported melting point temperature4 of 

12&125”C. The first broad endothermic peak appears to be a dehydration process as 

confirmed by the TG curve. The actual decomposition is initiated at about 160°C and 

seems to occur in at least two reaction steps. A slight endothermic shoulder peak is 

resolvable in the DTA curve at 185°C which is followed by a larger narrow peak with 

a AK+ = 225OC. The second stage of decomposition begins at 245°C (as indicated 

by the TG curve) which produces a small, broad endothermic peak with a AT,,_ = 

287°C. 
The DTA and TG curves for the Lilly riboflavin tablets (vitamin B2) show an 

initial dehydration between 50 and 160°C with a narrow endothermic peak occurring 

near the end of this process. Although the shape of this peak suggests that it results 
from a fusion process, the component involved cannot be identified since the AT,,. 

does not correlate with the reported melting point for riboflavin4. The large endo- 

therm at 215°C and the shoulder peak at 223% result from the decomposition of the 

binder, as indicated by the TG curves. The small exothermic peak at 290°C corre- 

sponds, however, to the reported decomposition temprature of ribofiavin4_ 
The thermal curves for Rexall vitamin B6 tablets illustrate one of the rare cases 

where the fusion peak of *be vitamin is adequately resolved for identification purposes_ 

The endothermic peak occurring at 160°C correlates with the reported melting point 

of vitamin B, while the following peaks result from a decomposition process, as 

shown by the TG curve. The DTA curves for the other B group vitamin preparation, 

Lilly Betalin S thiamine hydrochloride (vitamin Bl)- contained a narrow peak at 

140°C followed by a broad endothermic decomposition peak at 195% A broad 

dehydration peak was also observed between room temperature and 110°C. 

The B complex vitamins, J-illy Becotin and Lilly Betalin, gave DTA curves with 

few peaks, none of which correspond to peaks observed for the singte B vitamin 

tablets. Lilly Becotin tablets give a small, narrow endothermic peak with a AT,,_ = 
1 I5”C, while Lilly Betalin tablets gave a very small endothermic shoulder peak at 

about 125°C; both peaks occur at the end of a dehydration process. No further peaks 
were observed until an endothermic peak, followed by an exothermic peak, occurred 

between 245 and 300°C. The endothermic peak, with a procedural deviation temper- 

ature of 245°C could be due to thiamine hydrochloride which has a reported decom- 

position temperature’ of 248’C. 

The DTA curve for Rexall B+C vitamin capsules shows characteristics which 

are a composite of the curves for the individual vitamins. The initial small endothermic 
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peak at 120°C can probably be attributed to a B group vitamin since a similar peak 
appears in the DT_4 curves of B complex vitamins but not in the curves for vitamin C. 
The wnd endothermic peak at about 140°C seems to be characteristic of vitamin C 
preparations and the folIowing peak is probably the initial portion of the fusion peak 

for ascorbic acid which is superimposed on a decomposition process as shown by the 
TG curve. 

The thermal data for Lilly Alphalin vitamin A shows an initial dehydration 
process foliowcd by an exothermic decomposition initiated at about 225”C_ 

The thermal data for the muhi-vitamin products show some features which are 
not present in the single vitamin curves. The small endothermic peak at about 60°C 
in the DTA curves of Upjohn Unicap and Lilly Novacebrin corresponds to the 
reported melting point4 of vitamin A_ This peak was not resolved in the single vita- 
min A product since it was obscured by the dehydration process. Additional features 
in the DTA curves include a large endothermic peak at about 110°C which is present 
for ah of the products except Lilly En-Cebrin and an unidentified peak at 70°C for 
the Upjohn Unicap. 

_4!though each commercial vitamin preparation gives a unique set of thermal 
curves, standard thermoanal_ytiical techniques generally prove to be unsatisfactory for 
most qualitative purposes other than the recognition of the gross features of the curves. 
Most of the significant features of the curves are related to the binder or filIer material, 
since this constitutes the bulk of the sampte. This means that the subtle effects due to 
the minute quantities of the actual vitamin are often obscured. AIso, the complexity 
of the mixture makes it difBcuIt to attribute specific peaks to a specific material or 
specific effect Catalogues of thermai data for every commercial vitamin preparation 
could probably be used effectively to identify a particular brand of vitamin tablet 
through a matching concept but this would be of little practical value. Perhaps a 
better use of t.hermaI analysis would be in quality control by comparing the peaks 
due to the filler with the small peaks attributed to the actual vitamin to determine 
relative concentrations. Also, gross changes in the composition of the product, such 
as absorption of water, can be detected by the appearance of new peaks, shifts in 
existing peaks, or significant changes in the size of peaks in the thermal curves. 

The authors wish to thank the Eli Lilly Co., Indianapolis, Indiana, the Upjohn 
Co., Kalamazoo, Michigan and the Rexall Drug Co., St_ Louis, Missouri for the 
donation of the samples used in this study_ 

1 W_ W_ Wcndkmdt and L, W_ ColIins, AnaL C&IZ_ Ac~Q, 71 (1974) 411. 
2 W_ We WendIandt, i?en~~~cbim~ Acfa, IO (1974) 93. 
3 H_ B_ Pax and B- A_ Barnes, Han&wok of hrorrPrescription Drugs. Amer- Phamx. Ass.. Washing- 

ton, D-C, 1969. p. 57. 


