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SUMMARY 

The possibilities of using heavy metal salts for the analysis of sulphur com- 
pounds were investigated. A method for regenerating the products of the reaction 
between sulphur compounds and mercuric chloride is suggested, which petiits the 
quan’titalzive regeneration of’ sulphides and niercaptans and spy0 regeneration of 
disulphides. The procedure described was used for investigating the vola&le products 
which arise from the Maillard reaction and which have a smell similar to cooked beef. 

INTRODUCTION. * . 
‘, 

Reaction gas chromatographic (GC) methods have been widely applied in the 
analysis of complex miz&&e$ in which the components are compounds of, different 
classes. The condensates of food Aavdurs belong to such complex mixtures of previous- 
ly unknoti cbmposition, comprising, several h&dreds of compounds. Therefore, 
great care needs t’o be exercised in selecting the chemical reactions to be use@ for 
concentrating the components and for subsequene regeneration i,n order to avoid 
mistakes in the identification of the components. In the latter case, the quantitative 
estimation of the reactions chosen is of great importance. As our experience has shown, 
reactions which are considered iri the literature to be quantitative should not be used 
with&t a preliminary verification, especially if the results were obtained before the 
advent of the GC methods iri chemistry. 

In this paper, the importance of the verification of such a reaction is illustrated 
by flavour analysis for sulphur compounds in a condensate. As the sensitivity thresh- 
old of some organic sulphur compounds contained in a flavour condensate is ‘several 
orders lower than the sensitivity limit of chromatographs, we had to use chemical 
reactions ,fo @ate !hese compounds as solid derivatives and then appJy such a 5 

, re&neration! ~+od, th@$‘,y$d be ‘quantitaljve ati! yet cau!e. no’ change in the 
st+‘ct,Fre, of the jx$isl ,tir@+nic ,stilph~+, cotipdbnd?; 

,’ .’ 

It &o@d be not&d thjt $+ny studies dn the’synthesis and propertjes of sulphur 
‘compounds have b&en rep&e&iti tht$ literature, ‘iA p&i&lar in’the series on diiral&t 
+lbhur compotinds, bjl RISIDI,’ a.monograph by CHALLENGERS, ,aswell ,as in% a number 

‘of original publications. Based on these studies, 20% Pb(C9H,0,)a,~4% Hg(CN)% and 

I.s,% ,W&l~ s o u 1 t ions are suggested'for concentrating hydrogensulphide, mel'captans 

andlsulphides pl,us,disulphides,.respektively. .’ ,. ‘,I 
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It is recommended that the regeneration is carried out with an acid or alkali. 
Such procedures have found wide application in the analysis of sulphur compounds 
in food flavours such as potato”,“, mill@, cheese0 and chicken7@. However, we decided 
to use GC ‘for ‘checking the above reactions and quantitatively estimating their 
suitability for isolating sulphur compounds. The investigation involved two stages. 
The first was the evaluation of the ability of heavy metal salts to extract and then 
regenerate mercaptans, as shown by the case with isopropyl mercaptan. In the second , 

the possibility of isolating and regenerating the mixture of sulphides, mercaptans and 
disulphides was investigated on the model system gz-buti mercaptan+-propyl 
sulphide-cliethyl disulphide. The mixture was prepared so that all possible transfor- 
mation products of these compounds were detectable on the chromatograms. 

EXPERIMENTAL 

J+e$aratio?s of mercaptides from iso$ro$yZ mercafitan a?zd heavy metal salts, aNd ye- 
gevieratiq ff 

‘Solutions of the following heavy metal salts ,in distilled water were prepared: 
zo%,Pb(C,H,O,),; 4% .Hg(CN),; 3% HgCl,; 50% ,AgNO,; and 2% AgC2H,0p. Iso- 
propyl mercaptan’ (4 ~1) was injected with a syringe below the liquid layer in a test- 
tube containing z ml’of the solution of a salt. The precipittite in the test-tube was then 
centrifuged and the solution was removed by means of capillary tubes. The test-ttibe 
was closed with a ground-glass stopper provided with a tap carrying, at the end, ,a 
rubber cap through which I ml of chromatographically pure dodecane and z ml of 
concentrated hydrochloric acid (sp, gr. x.18) were injected with a syringe. The re- 
generation was carried out based on procedures described elsewhere2~P~rO. For, the 
GC analysis, I ,ul of sulphur compounds,in dodecane was injected with a Hamilton 
syringe into .the chromatograph. The regeneration products are listed in Table I. 

TABLE I 

REGRNERATION OF ISOPROPYL MERCAPTAN PROM HEAVY METAL MERCAtiTIDES 

Mevcafitide- Reaction Regenevatiott pvodaccts (%) 
pvodz@ng time (min) 
Ceagent IsopYo~yE Diisopvopyl - 

mevcaptan disrclpAide 

N#JO, 1 
$ 

43 
4&&O, 2 4 
PW,%W a 180 

EEeW), ,180 ;2 
2 

9 

. ” 

We, tried to regenerate mercury mercaptide with thiophenol. When the regener- 
.&ion wti ‘carried out with thiophenol, 100 ,ul ‘of thiophenol were added to’1 nil of 
do,dec,ane solution covering the, mercaptide precipitate;: $&ead. of 'hydrochloric'acid, 

$ut; the recovej; ‘of isopropyl mer+$tan was’ only ‘about, Go%. 
,’ : : 

‘: 
.’ 

J?veci$itaifes fmiduced from mevcwic chloride atid the .mixtwe of wbutyl mevca$ta,c, &N- 
@vo@il si#hid~ :and diethyl disulphide 8 : ” ’ ‘. 

.,, To, qml:of 3 p/0 aq,ueous mercuricchloride~sbllut ion were added ,so ~1 of saturated 
aqueous sodium acetate solution, 4 ~1 of diethyl disulphide; ,3.5 ~1 of di-s-propyl 
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sulphide and 1.5 ,ul of N-butyl mercaptan, The precipitate’ was allowed to stand for 
3 11, then it was centrifuged and the mercuric chloride solution above the precipitate 
was decanted with a capillary tube. A 2-ml volume of chromatographically pure 
dodecane was added to the precipitate and the test-tube’was closed with a grouncl- 
glass stopper with a plug. Then I ml of concentrated hydrochloric. acid (sp. gr. 1.18) 
was injected through the rubber cap on the plug. After vigorously shaking the 
precipitate, it dissolved at a rate dependent on the reaction temperature (Table II). 
A 2-,ul dodecane sample was passed through the. rubber cap and injected into the 
chromatograph, The chromatographic results are shown in Table II. 

TABLE II 

REGENERATION Ol? ?Z-BUTYL MERCAPTAN, DI-?2-PROPYL SULPHLDE AND DIETHYL DISULPHZDE FROM 
THE PRECII’ITATZ WITH MERCURIC CHLORIDE 

Regeneration 
conditions 

Regencvation, (%) 

n-Rutyl Di-n-propyl 
mevca$tan sulfihide 

Di-n-buty7 
disuljWGde” 

NC1 ; zoo: 40 min 38 92 28 
WC1 ; O; 

is; 

10 min 91 28 
WC! ; 8 min ;: 92 *x7. 
HCl ; O; 

go; 
4 min 95 

HCl; 4’ min ; KzCaOla ;z 97 * 9: 
C,,H,SH; 20~; 20 min 67 II 

C,,H,SH; 100~; 3 min 2; 99 II 

I3 
2 
2 

3 

27 

m Ethyl mcrcsptan was dctectcd chramatographically as 8 dccompositiofr product of dicthyl 
sulphide and was not dctcrmined ciuantitativcly at the analysis temperature. 

b Di-n-butyl disulphide,is a product of the oxidation of n-butyl mercaptan. . 

>’ 0 In this experiment, nquoous potassium oxalste solution (IOO ~1). was introduced before 
adding the concentrated hydrochloric acid. 

Prec@&!ate formation from Gem&c chloride and volatile jwoducts from the Maillard 
veaction and subseqace,nl, regeneratiolz 

A saturated solution of 2,4-dinitrophenylhydrazine in 5 N, hydrochloric, acid 
was added to .I 1 of solution prepared by t@ Maillard reaction .an@ having a smell 
similar. to cooked beef; this resulted in no change in the flavour. Then the volatiles 
were. isolated at room temperature under vacuum and trapped with a 3 o/o Sqlutjon 
of mercuric chloride in ethanol. The precipitate formed w,as centrifuged’and dried, 
and 60-80 mg were obtained.. A 25-mg amount .of the precipitate was placed in a 
capil&ry tube of diameter\3 mm and length ISO mm, ~oo,,ul ,of dodecane were injected 
q,d .the capillary tube was frozen, followed by the addition of zoo ~1 of concentrated 
hyflrochloric acid and zo ,ul sf LO y. aqueous Eotassium oxalate solu$ion,.and freezing 
ag,ain. ‘lflhe capillary tube (was sealed and warmed to room temperature,. and then 
a:fter; vigorous shaking,it was heated in a, water-bath,. at 70” for: .4 min. The capillary 
tube. was coole$ again,. opened and hermetically sealed with, a silicone-rubber.l cap. 
The s,+mple, (8 ,~l) ‘,+s removed. through the .cap with a syring? and injected. into the 
chromatogr+p$ . ,, j ) ,. .:) .,I’ ,I, 

:.i.. ‘CaZ+atsd s&&w. +p absolute calib,r+tion method was applied:for the quanti- :‘: 
t?t$e determination. The caljbration solutions ,were prepared,in .chropatographically 
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pure dodecane. The organic sulphur compounds were injected below the dodedane 
layer with a Hamilton syribge in the same amounts as those taken for the formation 
of precipitates from the salts of heavy metals. 

Chromatogra$&ic conditiom, A Yanagimoto GCG-5DH chrom&ograph with a 
double-flame detector (Tswett) and glass columns (x.5 m x 0.4 cm) packed with 10% 

of Apiezon M on Chromosorb W, 80-100 mesh was used. 
The analysis of the regeneration products from isopropyl mercaptides of heavy 

metals was carried out with temperature-programming from 40” to 140~ at’the rate . 

of 6”/min. 
The GC analysis and identification of the products regenerated from the precipi- 

tate produced by the interaction of flavour condensate from the Maillard reaction 
and the mercuric chloride salt was carried out by an appropriate method describecl 
elsewherell. The index values shown in Table III were used for Lhe identification. 

RESULTS AND DISCUSSION . 

The, mercaptides that resulted from the interaction of isopropyl mercaptan 
with the heavy metal salts are listed in Table I. It can be seen that, in addition to the 
isopropyl mercaptan regenerated, its oxidation product, diisopropyl disulphide, is 
always present. When regenerating silver mercaptides, almost equal amounts of 
mercaptan and disulphide are produced. The presence of Ag+ ions’ and nitric acid 
produced lduring the regeneration prestiably contribute to the formation of disul- 
phide from mercaptide. For this reason, silver nitrate was substituted for silver aceta- 
te, which reduced slightly the degree of mercaptan regeneration and decreased sharply 
the extent of disulphide formation. This can be explained by the formation of mercap- 
tide dbmplexes dis‘sblved in the silver, acetate used and by the losses of mercaptan 
when centrifuging the precipitate before the regenerition. It should be noted that, 
in the e’xperimenls with silver salts, the reaction with mercaptan is quantitative; this 
was proved by the complete disappearance of the characttiristic mercaptan smell when 
injected below the salt solution layer. However, the regeneration does not proceed 
quantitatively (Table’ I).’ 

Some interesting results have been obtained with.lead acetate, which is generally’ 
used for the separation of hydrogen stqlphide if it is assumed that mercaptans are not 
trapped in such cases. The results cjbtained h&ve shown that isopropyl mercaptan 
gives lead m&c&ptidei alGhough’the formation of l&ad mercaptide does not proceed 
quan$tatively:The regenerhtion’ yields about 45 y., of mercaptan .and a small amount 
o), dis$$id& which is probably formed during regeneration (Table I). 

..: There;ford,‘:lead acetate ‘&ould not be tied for ‘the separation of hydrqgen 
sitlphide from mercaptan niixtures; as inaccurate results might be obtained owing. %o< 
the’fo3inatidn of lead mercaptides. A complete regeneration of mercaptan ‘also cinnot 
be+&iiev&d’tith :mercuric cyanide (Table I), as the formation of soltible’ cotiplexes 
o~‘met~l.merciptides,in’excdss of hydrochloric acid ticcounts’for the losses df merc’ap-’ 
t;ati:‘X?oi~ instarice; silv& mercaptide ‘precipitate produced by the a’ction of silvef,N 
nitrat+ idi&blV&d ,c’ompl&tely within 50 hifin The same: ‘phe;nom&on is’ observed uiith~,n 
m&+peide’ ‘pPddit&ed.,from merctic chloride iti that it; can’ be dissblV&d by tidderat% 
he+ng at: PH. I, result&g in the regeneration of 49 yO of mercaptans only (Table II). ’ 

H~wciv&f;~ thb’ *edailed reasbns ,for ‘the noti-quintitative ,,regen&a.tion’ 3f mefcaptans 
from,,$ercalptide& ,015 heavy’,metals re+i& dp&cial investiga(idn. : ” “, :A 
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The conclusion that can be drawn from the results obtained is that the methods 
for”the regeneration of heavy metal mercaptides recommended in the literature 
cannot be applied to the quantitative analysis of mercaptans in a mixture that has a 
complex composition. Futher investigations have been carried out with mercuric 
chloride as it gives complexes with sulphides and disulphides and mercaptides from 
mercaptans. The selection of the optimum conditions for the regeneration of the 
precipitates produced from the interaction between mercuric chloride and a mixture 
of mercaptans, sulpbides and clisulphides with concentrated hydrochloric acid was 
particularly studied. 

Table II shows the regeneration conditions and compounds resulting from the 
decomposition of the products of reaction with gz-butyl mercaptan, di-n-propyl 
sulphide and &ethyl disulphide, In the first case, the regeneration conditions re- 
commended in the literature were used: room temperature, hydrochloric acid, 40 min. 
The precipitate formed had completely dissolved within this period, however, and the 
regeneration yielded only 38 oh of mercaptan, q+z% of sulphide and 28 y. of disul- 
phide. These results are of particular interest because it is generally considered2g0s lo 
that ‘a disulphide complex with mercuric chloride disintegrates completely during 
regeneration owing to the rupture of the S-S bond and gives mercaptan and alkyl- 
sulphinic acid, which remains in the solution. The fact that the mercuric chloride 
complex can definitely be regenerated 11%~ been proved by us. The regeneration 
products have been ,found to include also 3% of dibutyl disulphide formed by the 
oxidation of butyl mercaptide. 

By varying the reaction temperature and time, we succeeded in increasing the 
extent of regeneration of the initial organic sulphur compounds except for the disul- 
phides. Then the regeneration was carried out in the presence of potassium oxalate as 
reducing agent, which was convenient to use as gaseous carbon dioxide and potassium 
chloride were produced from its interaction. In this case, the yields of mercaptan and 

’ 
* 

I 

. 

Pig. .I.’ Chromdtogram of sulphur compoutids isolated from thb flnvour condensate from the 
Maillard rqaction,on a column of Apiczon-M at 130”. ,l?or identification of peaks see T~bleV. 
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disulphide were in fact almost quantitative, while the disulphide regeneration amount- 
ed to 51 YO (Table II). 

The results obtained were applied to the CC analysis of the cooked beef flavour 
that formed in the Maillard reaction. This reaction between amino acids and sugars is 
similar in mechanism to the production of a flavour by the heat treatment of food 
products.’ In our case, cysteine was the only sulphur compound contained in the 
initial mixture of the Maillard reaction. For example, Fig. J: shows the chromato- 
gram of the sulphur compounds isolated from, the flavour condensate on a column of 
Apiezon-M at 130~. The right-hand peak (17) is due to the dodecane used as the sol- 
vent, The chromatogram in Fig. z was obtained using a PEG-IOOO polar stationary 
phase at Go”. . , 

13 

- . . 

Fig. 2. Chromatogram of sulphur compounds isolated from the flavour conclensatc from the 
l&Iaillard reaction using it PEG-~ooo polar stationary phase at Go”. For identification of peaks 
see Table V. 

The identification of sulphur compounds in the form of mercaptans, sulphides 
and disulphides was carried out by a GC method developed in our laboratorylr. 

Using the procedure suggested’by us18 for the estimation of the selectivity of the 
stationary phase based on the di%ferencc between the excessive mixing energies 
calculated from index values by the equation: 

AAFt,, = - 2.,..[,,,(g.)++g] 

(where AAH~,, is the difference in the partial molar 
infinite dilution for the compounds 2 and I; P, and 

excessive mixing energies a,t 
P, are the saturated ’ vap!dur 

pressures for compounds I and 2; 8I is the difference in the retention indices of com- 
pounds. 2 ,and I; ! is .the, constant of the equation log VR =, a + b, for the qt-paraffins 
used’to calculate, inc&es) 3 a column system was chosen that enabled us to identify 

‘I 
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TABLE III 

EQUATIONS RELATING RETENTION INDICES WITH CARBON NUMBER (?Z) AND BOILING POINT OP 

SULPHUR COMPOUNDS 

e: = 1007t + 315 JZ = 87vt -k 369 

Iff”. 10~0 = gsn + 543 lPEG-~ooo 60 = 80~8 -t_ 584 

JAP 
13” 

= IoIn + 324 rAp = 130 g&r -j- 301 YAP = 130 9on i- 578 
ITri ton I 130 I0091 -t_ 519 ~Tritorl = I 130 9611 -t_ 47G ’ jfP 85n + 836 

l3.p. (“C) = (0.26 r$ - 88) B.p. (“C) = (0.23 J?fo - G4) 

, 
TABLE IV 

RRTENTION INDICES OF SOME CYCLIC SULDHUR COMPOUNDS 

Compound JPBG-rooo 
Go 

IPEG-aoooo 
130 

I'TYilO#t 
130 

d lPEG-aoooo-A$ 
130 

Thiophrtnc 807 1097 834 IIGS 1080 334 
Thiophcnc G72 ror7 702 1054 961 352 
Thiophcnol 1002 I525 141 I 523 
3,5-Dimethyl- 

I, 2,4-trithiolan I 158 1535 1449 377 
,, b I, 0.390 0.322 0.266 0.210 0.224 

SULPMUR COMPOUNDS IN VOLATILES FROM THE MAILLARD REACTION 

Peak No. in 

Fig. I Fig. 2 

Compound Peals No. in. co7n.~ouvl.d 

Fig, z Fig. 2 - 

- 
I 

I 

2 

2 

4 

: 
G 
9 

12 

I 

2 

4 
3 
G 
3 

IO 
8 

12 
- 

II 

5 
IO 

12 

3 

5 
II 

G 
- 
II 
- 
.I I 
_- 

- 

9 

Dicthyl sulphicle 
Di-n-propyl sulphide 
Diisopropyl sulphide 
Di-n-butyl sulphidea 
Di-lerl.-butyl sulphidc 
Propyl butyl sulphiden 
Dimethyl disulphidc 
Diethyl disulphiclc 
Diisopropyl disulphidc” 
Thiophcne 

a Tentntivcly identificcl compounds. 

mercaptans, symmetrical sulphides and disulphides in terms of A I values by means 
of the equation system shown in Table III. 

The equations in Table III can be used for determining the carbon number in a 
compound and the boilingipoint’in terms of the index values available. I 
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The GC behaviour of heterocyclic compounds cannot be described by these 
equations. Their identification was carried out by using the maximum values of ,4 I 
and the index values listed in Table IV. 

The identif!cation results for sulphur compounds in cooked beef flavour arising 
from the Maillard reaction are summarized in Table V. Some compounds were tenta- 
tively identified from the calculated index values. The results obtained make it pos- 
sible to judge critically the opinion in the literature that the presence of thioalde- 
hydes and thioketones is essential for cooked beef flavour13-l”. In our experiment, 
the formation of thioaldehydes and thioketones was not possible owing to the ex- 
perimental conditions used. However, our samples exhibited a distinctive cooked 
beef flavour. The specific nature of the cooked beef flavour is the subject of research 
being conducted in our laboratory. 

We feel that a systematic study of chemical reactions is essential for use in GC 
analysis. We believe that it is necessary to obtain the complete GC characterization 
of such reactions, as well as a knowledge of their possibilities and limitations. 
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