
CHROM 126% 

* 
IMOte 

RKHARD E- ECHOLS, JOUBERT HARRIS and ROBERT EL hU!LER, Jr_ 

ikprti?xmt of Chunislry. Shuthem Uni9ersity, Baron Rouge, LA 70813 (U_S.A_-) 

(Received January l&h, I!XO) 

Thiamine, a water soluable vitamin, has been analyzed by a variety of 
methods-chemical, physical, animal assay and microbiological’~‘. The more recent 
physical methods inciude gas chromatography (Gq, and liquid chromatography. 
But the recommended standard chemical assay procedure is still based on the thio- 
chrome reactior&, first reported in 1936. 

Hilker and Me& chromatographed thiamine and various derivatives. Dwivedi 
and Arnold’ cleaved thiamine into 4-methyl-5-(2-hydroxyetbyl) thiazole, and a rela- 
tiveIy volatile compound (b-p- 145”/2 mm), which they chromatographed. The 
deavage reaction is quantitative, but the chromatographing procedure used by 
Dwivedi and Arnold suffers from having to be carried out at Iow temperatures to 
prevent decomposition of the thiazole derivatives. They also experienced excessive 
taiiing cau,& by the hydroxy group in this compound. 

This paper reports on modifications of the procedure of Dwivedi and Amoid. 
These mod&cations, made possible by the recent advances in CC instrumentation, 
were carried out in an effort to make GC determination of thiamine more competitive 
with the standard spectrophotometric procedure. The usefulness of this modified 
procedure has been demonstrated by usin g it to quantitate the thiamine content of 
vtious formulations of commercial vitamins and standard thiamine sohrtions. The 
procedure has been carried out with both internal and external standards, using a 
flame-ionization detector (FID) and a nitrogen-phosphorus detector (NPD) fcr the 
internal and the external standard method, respectiveiy. 

EXPERIMENTAL 

Apparatus ad settings 
A Perk&Elmer Sigma 1 gas chromatograph equipped with a FID and a 

NPD was used for all of the analyses. The column was preconditioned 6 ft x 2 mm 
I-D_ coiled glass packed with 5% OV-17 on Chromosorb W AW DMCS (S&l00 
mesh) (T&b, Baton Rouge, LA, U.S.A.). The injector and detector of the in- 
strument were all-glass lined. 

The set-up parameters for the RD runs were: injector temperature, 175 “C; 
detector, 200 “C; and the initial oven temperature, 130 “C. This initial oven tem- 
perature was held for- 2 min into the run, after which it was increased at a rate of 
30 “C/~&I up to 190 “C. The flow-rate was set at 18 ml~min. 
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For any given analysis, the amplifier range setting remained 8xed throughout 
the run; the console attenuation, however, was changed at various times during the 
run, as speciGed in the program, to give a neat chromatogram. At 2.5 min the instru- 
ment was zeroed and the integrator activated. In all Find determinations, c@ooctanol 
was used as the internal standard_ For the NPD runs the injection and detector 
temperature was 200 “C. Each run was carried out isothermally at an oven tem- 
perature of 180 “C. 

Procedure 
Over-the-counter commercial vitamin preparations and laboratory prepared 

standard solutions were used. Enough vitamin tablets were dissolved in 50 or 100 ml 
of water to give a thiamine concentration of 20-300 ppm (depending on tablet 
concentration). A lo-ml volume of this solution was pipetted into a 12%ml erkmmeyer 
ffask containing 1.5 g of sodium bisulfite. (Larger concentrations of up to 5 g of 
sodium bisuhite were used with some of the standard solutions, described below, con- 
taining higher concentrations of thiamine.) After adding enough water to the flask to 
bring the contents up to 25 ml, the flask was placed in a boiling water bath for 30 min. 
A 5-g amount of sodium chloride was then added, and the solution was allowed to 
cool. 

Following cooling, the pH was adjusted to 10-l 1 (hydrion paper) with 2 N 
sodium hydroxide. The contents were transferred to a separatory funnel and extracted 
with three 42-ml portions of chloroform. The extract (a total volume of 126 ml) was 
evaporated at room temperature. The residue was taken up in diethyl ether and 
titered through 2 g of anhydrous sodium sulfate into a IO-ml volumetric ffask con- 
taining 1 ml of the internal standard. Additional ether was poured into the pear- 
shaped fiask and filtered through the anhydrous sodium sulfate into the volumetric 
flask until the total volume reached the lO-ml mark. One-microliter samples of this 
solution were used for the GC analysis. When the procedure was carried out without 
an internal standard (NPD runs), the injections were made with a Hamilton con- 
stant-rate syringe. 

Ttriamine hydrochloride standard solutions 
Thiamine hydrochloride (U.S. Biochemical, Cleveland, OH, U.S.A.) was dried 

at 100 “C for 4 h under vacuum. A 4OOO-ppm solution was prepared from the pure 
thiamine hydrochloride. Concentrations Iower than 4000 ppm were prepared by 
dilution. Higher concentrations were prepared by using multiples of $0 ml of the 
4QQO-ppm solution. Analyses of these solutions were carried out by the above pro- 
cedure. 

Preparation of internal and external standards and strmcibrdization df the ikstrument 
Separate solutions of 1000 ppm of 4-methyl-5-(2-hydroxyethyl)thiazofe and 

80 ppm of cycIooctanol were prepared in benzene. One milliliter each of the lCKlO- 
ppm solution and 8OO-ppm solution was pipetted into a IO-ml volumetric flask and 
dihtted to the mark with ether to give a cahbration standard of 80-IO3 ppm of 
4-methyl-5-(2-hydra-xyethyl) thiazole to cyclooctanol. Response fatiors *for these 
two compounds were calculated by a method inherent in the Sigma 1 data system. 
The 8OU-ppm cyclooctanol solution was used as the source of the internal standard 
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for all anaiyses. The SO-100 ppm calibration standard was run at tke beginning and 
the end of each analysis. The external standard was prepared from purified 4-methyl- 
5+&hydroxyethy~tfe to 8 concentration of 5 ~e/ml. Frintouts from tke Sigma 1 
reported all analyses in ppm of 4-me~yI-5-(2-hydroxethyf)thiazore. By using the 
proger conversion factors, the result of each anai_ysis was converted to p&d or 
mgltablet of thiamine. 

The vitrrmin determina tion is based on the method of Dwivedi and Arnold7 
with modi&atioos in the instrumentation, chromatographing procedure and proce- 
dure for cfeaving thiamine into 4-metkyM-(2-kydroxyetkyl)tkiazole (II). 

-e (I) was cleaved* into 4-methyL5-(2-hydroxyetkyl@kiazole and puri- 
fied I(b.p. 14.5 “C/2 mm). The purified thiazole derivative was used as an external 
standard and as a reagent for standardizing the instrument for the internal standard 
anaXyses. By raising the reaction temperature-to 100 ‘C, the cleavage time was de- 
creased from overnight at room temperature (or 3 h at 40-50 “C) to fess than 30 min 
without any 10s.~ in reaction yield. The reported tailing of peaks was eliminated by 
using siiylated supports. 

Dwivedi and Arnold used standard metal columns, which limited the column 
temperature to 100 “C or less. Their retertion times Rere on the order of 12 min with 
a peak width of 2-3 min. In the present work, it was found tkat decomposition 
occurred with me’tzl coiumns at Ml “C, with complete degradation of the 4-methyl- 
5-(2-hydroxyetbyl)thiazoIe occurring at temperatures above IS0 “C. No degradation 
at all -was found to occur with an all-glass system up to temperatures of 225 “C. No 
runs were ever carried out at temperatures above 225 ‘C. 

Ahbough OV-17 was used as the liquid phase in the reported analyses, various 
other phases such as OV-l, OV-210 and OV-22.5 can be used. 

Column bieeding, not FID sensitivity, is the limiting factor in an RD anaiysis. 
Results of the analyses of standard soIutions and multivitamin preparations are 

given in Tables I, II and III. Each of tke observed values in tkese tables is reported 
on the basis of ten trials at the 99.9 % confidence level. Tke data in Table I shows tke 
anaIyses of standard solutions with the NPD. Tkis table shows that thiamine can be 
detected at concentrations below 0.8 &ml and quantitated with acceptable 2axx2cy 
at 2 &ml. Tke NPD is inteusitive to materials that bieed off tke column. It is usually 
ncczssary, kowcvcr, to change response factors in the metkod from day to day when 
performing NPD analyses. 

Tables II and III give the FID results. Tke data in Table H show that the 
procedure can be used to determine concentrations from 10 ,ug!rnl to more than 
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TABLE I 

SUMMARY OF NPD ANALYSES OF STANDARD SOLUTIONS 

observed coRceRfrafion Calc&ed comenfra~zion 
--_- 

0.8 f 0.2 0.8 
I9 f 0.1 2 
5.0 f 0.2 5 
6.8 f 0.3 7 

10.1 * 0.4 10 
30.2 f 1.0 30 
m-0 f 1.2 40 

TABLE II 

SUMMARY OF FID ANALYSES OF STANDARD SOLUTIONS 

Ohsemed concentration C’crdated corzentration Observed romentration Cakuiated~concentration 

~IwlW f-!&w ii&w &?IM 

9.5 f 1.5 10 800% 18 800 
19.0 f 1.4 20 20061 24 zom 
29-o f I.1 30 3942r a 4ooo 
98.0 f 2-l 

z 
8281 * 107 SO00 

194 i6 9757 * 133 10,ooO 
489 &16 500 19,811 & 300 2aoao 

20,OQO &ml. A typical FiD chromatogram is shown in Fig. I for a 100 ppm 
standard solution. Fig. 2 shows a typical NPD chromatogram for a 2 ppm standard 
solution. 

Although the GC method is not as sensitive as the standard spectrophoto- 
metric method (0.1-12 pg/ml), the fact that the GC method requires only 1 pl of 
sample for analysis enables it to be used to determine overall sample concentrations 
that are much smaller than the lower limits of sample concentration that can be 
determined spectrophotometrically. In order words, even a solution whose th@mine 
concentration is very small can be concentrated down to the 2 Irsglml for which 
accurate quantitation can be obtained by NPD analysis_ 

The results of Table II show a relatively large percent deviation at low 
concentrations, but at higher concentrations the standard solutions analyze to within 
24% of their calculated concentrations_ 

Application of the GC method to the analyses of various commercial vitamin 
preparations (Table III) gives results that agree quite well with reported values. The 
data in Table III are particularly good, in light of the fact that actual concentrations 
of vitamin tablets often are not e_xactly the same as the values reported on bottle 
labels. Park9, using calorimetric and fl uorimetric techniques, reported that the potency 
of various vitamin preparations ranged from 94-103 % of the reported anuxnts. 

The GC method for determining ‘tiamine has been modSed and updated for 
quantitation with modern equipment. The concentration range of detection with 



10.4 * 0.3 10 
153 io.3 IS 

ALlbxSWithC 14-8 * 0.2 15 
Famiiy formu.& ixtulm 3.0 * 0.1 3.0 
R&l: 1.8 & 0.1 1.9 
ukaEvii 13.1 f 0.2 12.5 
SkCSSGWiW 16.2 4 0.4 15 
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