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SUMMARY 

The extent to which common drugs produce multiple peaks in gas chromato- 
graphy on an OV-I 7 column at an injection port temperature of 300°C and tempera- 
ture programme from 120 to 270°C or at an isothermal temperature of 300°C was 
studied. Forty-six out of 116 drugs tested produced more than one peak either as the 
parent compounds or as their trimethylsilyl derivatives. The retention times provide a 
useful means of identification- 

INTRODUCTION 

In gas chromatography (GC) dual columns’*’ or even three columns3 have 
sometimes been utilized although, for basic drugs, the use of more than one 
stationary phase is reported to be of very limited value for identification purpose$. 
Many compounds, moreover, may have the same retention times for a given set of 
conditions and need the use of gas chromatography-mass spectrometry (GC-MS) for 
more reliable identi&zation2*‘. 

Generally, published GC retention data record only single values for each 
compound’-3*6 and only in rare instances is more than one retention value given for a 
few odd compounds”*‘-‘o. 

GC of derivatized compounds, principally by silylation to give trimethylsilyl 
derivatives, has been used for identification purpose@” and, although the possibility 
of more than one derivative being formed has been suggested’“, only a few com- 
pounds have been reported to produce more than one peak13. 

This study was undertaken to explore the extent to which common drugs 
produce more than peak and the feasibility of using their retention times and those of 
their silylated derivatives for identification. 

EXPERlMENTAL 

The instrument used was a Perkin-Elmer F17 gas chromatograph with a 3 % 
OV-i 7 Gas-Chrom Q (100-120 mesh) glass column (2 m x $ in. x 3 mm I.D.) and a 
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flame-ionization detector (FID). The carrier gas was nitrogen at a flow-rate of 30 
ml/mm and the hydrogen and air flow-rates were 30 and 450 ml/mm, respectively. 
The injection port and detector temperatures were 300°C and the:oven- temperature 
was pro_ arammedfrom 120 to 270°C at l.O”C/min and held at 270°C for 16 min_ For 
isothermal work on compounds not eluted by temperature programming, the.injec- 
tion port, detector and oven temperatures were 300°C. A linear recorder with a chart 
speed of 30 cm/h and an input voltage of 5 mV was used. Retention times were read 
manually_ 

Pure samples of the drugs were obtained from the Singapore Pharmaceutical 
Department, manufacturers, the British Pharmacopoeia Commission (Reference 
Substances), the United States Pharmacopoeia (Reference Standards) and the United 
Nations Narcotics Division of the World Health Organization (International Chemi- 
cal Reference Substances)_ 

Approximately 1% solutions were prepared fresh in either analytical-reagent 
_-de chloroform, ethanol or 50% ethanol_ For silylation, about 0.5 mg of the com- 
pound was mixed with about 0.1 ml of chloroform and 0.1 ml of 
bis(trimethylsilyl)trifluoracetamide (Merck, Darmstadt, G-F-R.) in a 60 x 7 mm 
tapered-riuxaed test-tube, in duplicate, and heated in an air-oven at 80°C for about 
l-5 h Silylated products should not be diluted as precipi_tation may occur. If the 
solution is fo+d to be too strong the reaction should be repeated with a smaller 
amount of the &mpound. 

Volumes of 0.5-2 ~1 of the standard solution and the silylated mixture (or its 
supcrnatant liquid if undissolved solids remained) were each injected on to the 
column_ If the height of the main peak was outside the range of 4-7 in_ the run was 
repeated with an adjusted volume of solution and, if necessary, adjustment of the 
attenuation_ 

As the silylated derivatives could undergo hydrolysis on standin$, they were 
injec_ted within 1-2 h of their formation_ 

RE!XiLTS AND DISCLiSSION 

The retention times of 116 compounds, with temperature pro gramming, of the 
parent compounds and their silylated derivatives are listed in Table I_ Table II lists 
similar data obtained under isothermal conditions for compounds that are not eluting 
with temperature programming_ A plus or a minus sign denotes the presence of 
absence of a peak, indicated by the retention time in the neighbouring column_ Peaks 
with heights below 10 “/, of that of the highest peak have been omitted to allow for 
impurities and artifacts 

An analysis of the data in Tables I and II is &en in Table III_ By defining that 
two peaks are distinct when their retention times di@er- by more than 1.5 min, 35 
compounds and the stilylated derivatives of 11 .others have more than one_distinct 
peak, making a total of 46 (39.6 “/,> of the 116 compounds tested. This does not take 
into account another 19 compounds that’@ve single distinct peaks of their silylated 
derivatives with retention times difErent from those of their parent compounds:. -_ 

Hence, under selected conditions the gas chromatograph can play a useful role 
in identifying a large number of compouqds by m-ultiple peak formation-as the parent 
compoutidsand/or as their s&dated derivatives_--The phenomenon of multiple peak 
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TABLE I 

GAS CHRO~MATOGRAPHIC RETENTION TIMES OBTAINED WITH TElMPERATURE PRO- 
GRAMMING 

Atropine sulphate 

Compound i 

Adephenine hydrochloride 
Allobarbital 
Amethocaine hydrochIoride 
Aminogl~tethimide 
Amitriptyline hydrochloride 
Amphetamine sulphate 
Antazoline hydrochloride 

Benzhesol hydrochloride 

Bucliine hydrochloride 

Butobarbitone 
CatTeine 
Carbemazepin 

Chlordiazeposide 

Chloroquin sulphate 

Chlorpheniramine maleate 

Chlorphentermine hydrochloride 
Chlorpromazine hydrochloride 
Clomipramine 
Cocaine hydrochloride 
Codeine phosphate 

Rerenzion time (niin)* 

Parent compound SiIyiated derivative 

18.9 L 

10.5 + 
19.0 i 
22.0 i- 
17.2 + 
3.6 + 
4.0 - 

13.3 + 
14.0 + 
- 17.5 
15.4 - 

- 16.0 
- 16.7 
- 1s.o 
- 16.4 
17.1 -& 
2.5 + 
6.1 + 

10.4 + 
11.6 i 
12.9 + 
13-4 + 
14.4 - 

19.2 + 
18.2 - 

11.’ i 
14.5 i 
15.3 f 
” 6 --_ i 
- 2.0 

11.2 
- 16.6 
- 24.6 
- ‘7.3 
142 + 
16.1 + 
17.6 + 
,.3 1’ - 

- 4.5 
14.9 f 
6.6 i 

26.2 + 
16.8 f 
lS.1 I 

- 4.4 
20.6 - 

- 11.5 
2.8 - 

(Conrinued on p_ 118) 



cydice hydnx!lImide 
Dextroamphctamine slltphate 

Dcxtromethoprhan hydrobromide 

Diphenhydramine hydrochloride 
Diphenidoi hydrochhxide 

Diphcnoxylate hydrochloride 
Disopyramide 

Ephedrine hydrochloride 

Ergometrinc mzkate 
Ergotarminetartrate 
Emetine hydrochloride 

Guanechidine satphate 
Homatropinc hydrobromidfz 

Hydrakine hydrochloride 

Hydro_sj=mphecamine hydrochloride 

Hydroqziuc h@rochloride 

Hyoscine N-buy1 bromide 

Hyoscine hydrobromide 

Ixmpmmh hydrochloride 

15.8 
3.8 

- 

175 
25.4 

24 
82 

- 

13.6 
193 
2x0 
162 
145 
- 

18.0 
- 

26 
- 

6.7 
7.0 

- 
- 
- 

143 
19.0 
- 
- 

16.8 
IO.4 
- 
- 
- 

17.7 
S-4 

I20 

IO-8 
132 
19.8 
17.5 

XL8 
- 

17.8 

21.0 
IS_0 
18.0 

+ 
+ 
5.0 

f 
f 
- 

ii.0 

t 
+ 
+ 
+ 

ii.4 

G-0 
- 

5.8 
- 
- 

5.3 
8.4 

12.8 

f 
+ 

1z 
- 

•!- 
13.8 
14-O 
143 
- 

•t- 
-I- 
132 
-f- 
f 
+ 

CL 
+ 
226. 
- :i: 
is-8 

-5 
i 
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COtflpOW2d Rerenlion rime (m&p 

Parent compound Sit’yIated derivative 

Iproniazid phosphate - 

Isoniazid 

Isopropamide iodide 

kopropylhe.sidine hydrochloride 

Liguocaine hydrochloride 
Lorazepam 
Maprotiline hydrochloride 

Medazepam 
bfeprobamate 

Mepyramine makate 

~Mepyrylcaine hydrochloride 

Methadone hydrochloride 
&fethaquaIone 
Metbi-ale 
~Methosypbenamine hydrochloride 
;LIethytipheatamine hydrochloride 
kfetronidazole 

kforpbine hydrochloride 
Napbazoline nitrate 

NZC0liil-Z 
Nlorpbiue hydrobromide 
Neostigmine bromide 
Nortriptyiine hydrochloride 

O=pam 
Oxypbenbutazone 

- 
10.8 
11.2 
12.0 
- 

16.8 
18.6 
19.2 
23.2 
23.8 
3.9 

- 
- 

13.6 
24.6 
20.8 
- 

19.8 
- 
- 
- 
13.7 
1.7 

- 

18.6 
- 

10.8 
16.8 
18.6 
11.0 
9.2 
4.1 

- 

12-4 
- 

17.2 
- 
- 

13.5 
24.2 
13.6 
18-3 
- 

21.8 
23 
78 

11.6 
- 

4.5 
5.0 

+ 
+ 
- 

15.6 
+ 
+ 
+ 
+ 
L 

+ 
4.9 
8.7 

+ 
+ 
+ 
22.2 
+ 
3.2 
7-7 
8.2 

f 
- 

5.2 
-+ 
4-8 

+ 
+ 
i 
i 
+ 
+ 
10.8 
- 

21.7 
+ 
18.8 
19.6 
+ 
+ 
t 

A.6 
•l- 
- 
- 
- 
29.4 

(Continued on p. IX?) 



120 

TABLE I ~conrimrpdl 

Oxyph _ +- - hydrocHoride 

oxyphenollium bromide 

C%tKttXm01 

IWGiine hydrochloride 
PhenacCtill 
Phenakine sulphate 

Phemiimetra.zine tanrate 
Phenformin 

. 

corJqJowzd ReleNiim time (miip . ’ 

102 + 
14-l - 
26.6 - 

IO_? -i- 
16.8 
17.6 - 

- 120 
128 - 

12.0 + 
I21 •l- 

1.6 •t- 
1.8 + 

- 3.8 
- 4.6 
- 5.5 
7.6 - 

- 8.9 
- 10.0 
16.4 - 

- 16.8 
8.0 f 

- 35 
- 39 
?_ltf - 

- 8.0 
11.7 

G.4 
16.0 

Phenosybazamine hydrochloride 

Pentzmcine hydrochloride 

PhenyIephrine hydrochloride 

Pheay~propanobmine hydrochloride 

PknytoiIl sc?dium 

Physostigmine salicylate 

Pipexazine citrate 

- 17-4 
3-L8 - 

14.4 i- 
17-4 -t- 
18.0 
- ii-6 
IS.4 - 

- 9.4 

13-O - . _ ~. 
13-4 - 
13-8 - 
73 - 

- 6.0 
- 4_6 

-- 24.6 + _- ___ 1 .~ -. 
8.0 •l- 

- 126 = 
14-O + ~_ :__ :: :‘ .m 

- 1.8 I 
- 10.3 
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TABLE I (continued) 

COmpoEcnd Retenlion Iime (min)* 

Rilocaine 
Procaine hydrochtoride 

Parent compound Siiyhed derivative 

15.4 i- 
16.0 + 

Roehlorperazbe dimaleate 
Promethazine hydrochloride 

Ropanthcline bromide 

Propranolol hydrochloride 

Ropylhucidrine 

Ropyithiouracil 
Quinidine sulphate 
Quinine suIphate 
Thebaine 
‘Tkeophyllitte 
Tolbutamide 
Tmnylcypromine sulphate 

Tripeiennamine hydrochloride 
Triprolidine hydrochloride 

Trifluoperazine tartrate 

Xylocaine hydrichloride 

- 
16.6 
19.0 
10.8 
- 
- 

19.6 
- 

17.0 
3.6 

+ 
15.6 
- 
- 

25.2 
16.9 
12.6 
- 
- 
- 
- 
14.9 
15.4 
18.8 
22.6 
26.5 
15.8 
30.0 

13.8 

5.2 
+ 
+ 
+ 
14.1 
19.0 
f 
15.7 
- 
+ 
8.9 

+ 
25.1 
26.1 
-i- 
+ 
c 
5.5 
7.6 
8.2 

18.4 
+ 
+ 
i- 
+ 
+ 
-L 
+ 
+ 

* A + or - sign indicates the presence or absence of a peak at the corresponding retention time. 
* Does not ahvays appear- 

formation should, or course, be avoided as much as possible, especially in trace 
analysis work, in order to achieve optimum detection and quantitative results of 
drugs, but when they do occur it would be useful to know their number_ 

The retention times listed in Tables I and II should be used only as a guide as it 
may be difficult ;o reproduce exactly the chromatographic conditions of another 
laboratotys. Also, the data in these tables are limited to specitic in&ument parame- 
ternsand operating conditions. Most important, the number of decomposition peaks 
formed wilI depend on the type of support used, its activity and age and perhaps also 
on the size of column_ It is therefore important that selected standards should always 
be chromatographed when confirming the identity of an unknown compound. 

The results also emphasize the dearth of multiple peaks in published data- The 
highest number of compoumis with more than one peak that has been reported is 
only fourteen’, and this was in a list of 570 retention’data. Twelve compounds out of 
the fourteen had not even heen tested in this study. 



122 M. C:DUTT 

TABLE II -_ 

GAS CHRO~T~RAPHIC RETENTION TIMES OBTAINED UNDER ISOTHERMAL CON- 
Dil-iONS 

Cord Refenzkm rime /miix)* 

Parenf compound Sii’htsed a&it-alive 

B=Jmazcpam 7.0 + 
93 

Brucine Nii &i - 
cincfiocainc hyirochIoridc 6.0 f 
chklrdiazcpo.dde 20 c 

6.1 + 
QOtKlZtZpam 3.6 •F 

11.4 
130 - 
14-9 i 

figometrine makate - 6.0 
?Zrgotarmine tartrate 3.4 

4.0 
R=pam 8.0 -t 
FIunirwzepaa 7_2 + 

Guanerhi&e .suIphate Nil Nil 
Heroin hy&cxhIoride 7.0 i 

8.8 f 
LUorphine hydrochIoride 3.1 

3.5 
Narceine hydrochloride NiI Nil 
Nitnzepam 28 f 

II.7 i 
Papaxrine hydrochloride 124 + 
Phokodine 3.2 

3-7 
PiIocarpine nitrate 24 
Piperazille citrate Nil &I 
ProchIorpcrazk d&r&ate 3-2 -I- 

- 13.0 
Qtidine suIphate - 4.8 
Quinine suIphate - 

Raapinc Nil A8 
Stryebine hydrochIoride - 25.0 

Traqkypromine sulphate 
28.4 

- 20 
- 24 
- 25 
28 f -_ 

Tubocxnaribe hy&oci%oride Nix - .Nir ~_ -. 
Y-m -, %a- __. -. %a.- . _-~-- 

*Compounds tbai do 60t dute w&h~tf+periiture~~ 
I 

w-L 1~ ;- ;__. _-- - ---;-‘: _‘I~ _-. 

- X -+ 6r ~- sign &ii&tes tFk pr&ence~oi~&ce of a pe& at tfk coqespond&ktentioion time. ’ 
-_ : __ -.- ; . A_.. _( .‘_ __- _.-. - - 

To confinn. that’.the phenomenon- of-. r&.ip~e~peak$_tia5ti6~ due; to -sample’ 
inpurity, international standardswere tested under skuiiar GC coriditionsand~k&~t 
fo.5 minor peaks for. two ~oniponnds~ -there ‘was- ti.&otir+ion bf thk @_a: in -aJl- 
-&me_- .s- ._- ; .- .<_ _ _-.- - -, _ -_- . . . _, -:.: _/-- -- :._. ‘._‘f . . j , . , -::.. :: ‘L .._= .__ . . 

_- 
Combined GC-MS was caC$dut on.&oscinehqidrdbromideand &y&en-, i 

butazone us& a Hewlett-Packard HP 5985B in&u&&t, Fn ord&& k&stigat~ @e _ 
- .~_ 
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TABLE III 

ANALYSIS OF DATA IN TABLES I AND II 

No. of compounds 

Parent compound S&fated derivarire 
~. 

Temperalure ISOther- 

progr-ing maI 
Tolal Temperalure 

programming 
Isolher- 
ntnl 

To:al 

Single peak 59 6 65 70 6 76 
%Iuhipie peaks 32 4 36 29 6 35 
No peaks 15 5 

Distinct* multiple 31 4 35 1 - 1** 

Parent compound single 
peak; silylated derivative: 

Single peak with - - - 12 1 13 
distinot retention time 
Muhipk distinct peaks - - - 6 - 6 

Parent compound no peaks; 
silylatcd derivatives: 

Singfe peak with - - - 6 - 6 
distinct retention time 
iMultipIe distinct peaks - - - 3 2 5 

Parent compound single 40 5 15 - - - 

peak; silyIated derivative 
identical peak- 

__-___- 

* Retention time difference bctwcen two peaks is more than 1.5 min. 
* Excludes compounds with the same retention time as the parent compound and 11 others with distinct reten- 

tion times which have been included elsewhere in the table. 
- Presumably no reaction had taken place. 

nature of the products formed. The ionization vohage was 70 eV and the ion source 
temperature was 200°C. The chromatograph was fitted with a 6 ft. x 2 mm I.D. giass 
column packed with 3 y/, OV-1 on Chromosorb W HP (100-200 mesh) and interfaced 
to the mass spectrometer by a jet separator maintained at 275’C. The injection tem- 
perature was 275°C and the oven temperature was programmed from 120 to 270°C at 
lO”C/min and held at 27O’C for 10 min. The carrier gas was helium at a tlow-rate of 
30 ml/min_ The EI mode was used for both the compounds. The results obtained are 
given in Table IV. 

It can he seen that although osyphenbutazone remains intact with the direct 
insertion probe, it undergoes complete decomposition in the gas chromatograph, 
forming at least three products which bear hardly any resemblance to the parent 
compound_ With hyoscine the two peaks correspond to unchanged hyoscine and 
hyoscine with the loss of a molecule of water, probably between the rx-hydroxy and /_I- 
hydrogen atoms. No doubt for other compounds other reactions could take place, 
but their elucidation is beyond the scope of this study. 

Higher injection port temperatures are expected to produce greater decompo- 
sition and when lower temperatures, for example 200”C3, are used the absence of 
multiple retention times can be expected. However, at 3OO”C, their absence or almost 
complete absencez*“*5, except in a few instances12S’S, remains unexplained. Due im- 
portance to subsidiary peaks had probably not been accorded, although this study 
has demonstrated their usefulness in confirming the identity of compounds. 
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TABLE IV 

RESULTS OBTAINED BY GC-MS 

MO I. Ist_ DIpcIGC Retention 
time (mfn) 

mle 

oxypf3uhtamm 324.37 DIP - 55657793 107 121 
135 199 268 324 

tic o-97* 51647491 119 
8.07- 55648093 106 

119 165 217 
11_3o+t, 52658093107 

119 135 148 161 
177 187 204 231 

Hyoszku 303.35 GC 11.18m 51 68 77 94 103 
I20138154285 

12_7e 55 65 77 % 108 
120 138 154 303 

* Dirazt insertion probe. 
* Major peak. 

* Minor peak_ 

CONCLUSION 

With injection port and detector temperatures of 300°C and an OV-17 column, 
a large number of common drugs produce characteristic peaks as the parent com- 
pounds or as their trimet.hyisiIyIated derivatives, and thereby afford a means of identi- 
fication. 
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