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USE OF CHEMICAL METHODS FOR THE PREPARATION OF STANDARD 
MIXTURES FOR QUALITATIVE ANALYSIS BY GAS CHROMATOGRAPHY 
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I_ lNTRODUCTiON 

The most simple and rcliablc rncrhod for the identitication of peaks ofunkno\~n 
substances by gas chromatography is that involving the use of retention data’-‘. 
However_ the use of this direct method is often complicated as there may be a short- 
age of the rcquirrd chemically pure substances (standards). their synthesis may br 
very ditricult or they may be too espensive. These ditliculties occur particularly in the 
gas chronmtographic analysis of hydroctlrbons and natural substances_ 

However, this problem may be solved by the careful utilization of chenkll 
reaction methods_ These methods are based on the fact that one or several available 
substances \vill react under known conditions to yield one compound or a mixture of 
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compounds the composition of which is dcscrilxd in the litcraturc or can be prccise- 
ly predicted- The mixture obtained then serves as a standard mixture for comparison 
in the mcz~surcmcnt of the retention data of individual components on a suitable 
column. 

The present survey concerns only one aspect of the use of standard mixtures, 
riz_ their use in the qunlitativc calibration of the chromatograph for practical work_ 
without referenczl to the problems of quantitative calibration of the instrm~wnt \vith 

the use of standard mixtures. 
The use of reaction methods in order to prepare st:md:ird mixtures was first 

studied by Simmons et ai_’ in IWO_ Although other et!icient methods for the prepara- 
tion of standard mixtures were su ggcsted later and use of chemical methods has been 
described in a number of papers_ the extr’nt oftheir utilization has not_ in our opinion. 
made full use of the passibilities av:lilablc_ 

Thcrcforc, one of the aims of this review is to incrtxse the interest of rescarch- 
ers workingin the field ofchromt~tograph~ in thcsc possibilitity. 

Standard compounds art‘ cmpioyed in gas cl~roiiiato~r~ipli~. for solk-ing many 
problems- the most important of which ;IT~‘I 

( I ) the idcntificarion of unknown com~unr‘nts in misturcs heins analyzed I 
(2) phvsico-chtxnical n~tXSurt‘ilit'iiIS: 

(3) the prelxration of nc\v sorbents and the dcvclopmcnt of improved ana- 
IyticaI methods_ 

Owins to the fact ihat the basic characteristics at. the cliromatopcipli.ic prows5 
(retention data and bruadtxing of the chromato~rnphic zone) art‘ independent of th- 
prcsemx of other substanccs3-5 with :I suttickntly small sampk the precision and 
reliability of the rtiults obtained art indcpendcnt of ~vht:thcr out’ substrlncc or ;I mix- 
ture of substances is employed_ There xrc not mrmy acc‘ptians to this rule_ and those 
that do occur can ustrall~ be accounted for by a non-lincx adsorption isotherm of 
the chromatoSrxphcd substanc~z on the surface of the tldwrhent or solid support’-‘-“T’ 
or bx the use of too large it sample c1~ar~l-c. w1wn the c~~lumn functions ic tl ..st:tte of 
O~erSiittiriltiOn..~. 

It. the s;ampIc being chr‘~n~zlt‘~~rtlphcd contains one kno\vn cc\mpoLuld rather 
th:tn ;L mixture of sttrcdardx it takes ;I longer time to mtxsurc the retcntian data of 
one component and tht 1 23s chronitito~raphic instrument must function for ;I longa- 
time. Also_ the price of ;t mixture is usually louver than the sum of the prices of ths 
pure cotnponcnts that consrittnc it. A drawback of the msrhod of standard misturcs. 
hoxever. is its lo\s-cruerstttilitv_ when the retention data of ;L single component are to be 
measured, it is necessary to analyze the ~holc misture in order to obtain its chramsto- 
graphic characteristics. Howe\-er. this drawback can hardlv bc considered 3s ;I ssrious 
objection to employing mistures of known composition in chromatopraph~. as the 
substantial lengthening of the time of the csprriment when this method is used can be 
avoided or reduced by connecting the columns in series and. after the separation on 
the tirst column has been completed. by isolstin g the uninteresting compounds by 
backflushing or by using temperature pro~rammin$‘. Further. standard mistura can 
be added to the sample beins analvzed in order to aid in the identitication of unkno~vn 



STANDARD MIXTURES FOR QUALITATIVE GC ANALYSlS 159 

components_ The identification is then performed by comparing the chromatogram 
of the initial sample with that of the new swnple containing both the initial and the 
standard mistures. This method has proved especially suitable in analysis with tem- 
perature programming. This method is the reserse of that of subtraction. which is 
widely used in reaction chromatography (see, for example_ refs. 2 and 10). In this 
instance, the peak areas are calculated by the method described by Rerezkin ~1 a/_‘*_ 
In the analysis of the chromatogram. the charxtcristic of the compound to be iden- 
tilied is then not only its retention time. but &x~ its content in the misture. Therefore, 
the contents of the individual components in the misture must be significantly dilrer- 
ent. Although only the application of standard mixtures in qualitative analysis is 
considered in this revic\\-_ the use of these mistures in the qwntitativc calibration of 
the chromatogram is t&o possible. so that the application of standard mistures in gas 
cRroiii3to~rtiph~ can be very cstensive. 

3. PREI’XRXTION 0F STANDARD XIISTURES BY METHODS IK~OLVIKCi CHEMICXL 
REACTIOES 

Standard mixtures for clualitativc analysis can be prepared b_v ;my chemical 
reactions \vliich meet the follo~ving recluiremcnts: 

( ! j a mixture of products of known composition is produced reproducibly: 
(2) the misturs of the products prepared is stable. 
In addition_ it is dcsirabk that the initial ~ub~tanc~~ should be easily accessible_ 

that the reaction does not take much time _ and that non-volatile reaction products, 
if easily produced. can readily be separated from the volatile products. These con- 

ditions m-e met by :L number of re;lctions”-“_ and it is the task of the researcher 
to choose the optimum method for :I particular synthesis. In order to solve this 
prablcm. it is useful to consult an or ganic svnthesis apat. _ 

In order to prepare reaction mixtures ofkno~vn composition. one cn11 employ: 
(1 ) reactions that proceed ahnost quantitatively in one direction: 
(1) equilibrium reactions. in which the composition of the reaction products 

can easily bc --frozen” I 

It is cspcdient that the sznthcsis be carried out on a micro-scale, as the scnsi- 
tivc detectors that are used in ~1s chromtltogrsphy mtlkc it possible to analyze samples 
containing 10-“-19-v s of the components. The pure initial substanct-s for the synthe- 
sis of standard compounds can be isolated by hi&-efficiency preparative g~as chromata- 
wipliy _ = *S The reactions emplowd for preparing st:mdard mistures can take place 
either outside the gas chromat&raph or in ;L special reactor that is part of the 31s 

clirc~iii3togr3phic instrument. Iii the latter instance_ one an use techniques ofanalyti- 
cal reaction gas cliroiiintogr.lpli~i”. especially reactions on the chromatogrrtphic col- 
umn and in the syringe_ 

In conclusion_ \ve \vould like to point out that although reaction methods of 
prt’ptuxtion of standard mixtures m-e of general importance_ they are particularly usc- 
ful in the prcptwltion of mistures of hydrocarbons of k~xxn composition. 



160 V_ G. BEREZKIN, L. SOJAK, J. WHDEOVA 

4. USE OF SOME CHEMIG4L METHODS IN THE PREPAR.\TlON OF STANDARD 
MlXTURES 

(ct) Iiltt-odlrc.tior~ qf n Illc~tlldt’lIe .:‘rOlll’ 

At present_ the introduction of a methylenc group is the most commonly used 
method in the preparation of standard mixtures in gas chromatography. The intro- 
duction of a methylene group \vas described by Doerins et nI_‘“, and the use of this 
reaction in the preparation of mixtures of hydrocarbons of known structure was 
suggested by Simmons et al.’ and Dvoretzky et d.“. The methylene group is attached 
to a C-H bond. thus producing the ne.xt highest member of the homolo_gous series: 

L,C-H + -Cl&- -+ --,C-CH,, ‘1 
/ ,.,’ 

The addition of a methylene group to a double bond results in cyclopropane 
deriuatk-es: 

(2) 

while the reaction of a methylene group &it11 aromatic compounds leads to dcrivativcs 
of tropyhdene: 

-CH2- 4 i3j 

As far as the preparation of standard mixtures is concerned. the first reaction 
has the greatest signiticance_ 

Simmons et ni.’ used the follo\ving procedure for introducing a methylenc 
group A misture of I! ml of pure hydrocarbon and 1 ml of40::1;: potassium hydrosidc 
solution was cooled in a flask placed in an ice-water bath, 37 ms (0.40 mmolej of N- 
nitroso-N-methylurea were added to the flask. which should produce 0.25 mmole of 
dit;z.o_methane. and the mixture was stirred until the complete dissolution of the nitro- 
somethylurea The diazomethane. \vhich originated in the aqueous phase. passed into 
the hydrocarbon phase. The hydrocxbon phase was decanted off and dried over solid 
potassium hydroside, then this hydrocarbon solution of diazomethanc was placed in 
a flask provided with a dryins tube containing calcium sulphate and irradiated \vith a 
sun-lamp at a distance of 6 in- The flask wts cooled \vith water durin_e irradiation. As 
soon as the yellow tint of dinzomethane disappeared (in about 1-2 hj, the irradiation 
was stopped and a sample of the reaction mixture was analyzed by gas chromato~ra- 
phy_ The reaction is of a random_ statistical clwrxter and its course does not depend 
on the type of bond (vinyl, alkylj or the type or carbon atom (primary. secondary) 
present- The course of the reaction and the origination of the products with isooctane 
(212,4-trimetliylpentanej can be considered as an example. 

lsooctane has a total of 1 S C-H bonds, but some oft km are equivalent, which 
results in the formation of the same products, so that it is possible to group several 
reactions that’giue the same products. The products of these reactions to@her with 
a statistical estimation of the concentrations and the actual yields of the products are 
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TABLE I 

COMPARISON OF THE THEORETICAL AND ACTUAL RECOVERIES OF THE INDIVID- 
UAL PRODUCTS OF INSERTION OF METHYLENE GROUPS INTO 2,2,4-TRIMETHYL- 
PENTANE 

Stmctrrre of the Characteristics of the C-H hods in the irritial Jtdracarbon zlctrtai recol-en- 
isonteric protittctr -- - --- - - - -_ -_ 

Type of Number af Chtent of the given bond in the 
of the prahct (!$,) 

bond borrtls Blitial It_vdrocarban I t?i) 
(theoretical recorer_v) 

_..._ 
c c 
! I 

c-c-c-c-c-c Primary 9 50.0 50.5 

ccc 
I ! I 

c-c-c-c-c Secondary 2 11.1 

;: 

c c 
1 

3 

c-c-c-c-c Tertiary I 
! i 

e c 

5.6 

c c 
! I 

c-c-c-c-c-c Primary 6 jI5__, 

IO.4 

3s 

35.3 

quoted4 in Table I_ It is apparent that the statistical estimations are close to the actual 
yields. which permits the identification of these products by pas chromatography, by 
virtue of their contents in the reaction misture_ 

Mskarova t*r a/e’s studied the application of the introduction of a methylene 
group. which \vas employed in the preparation of open-chain olkanes and the syn- 
thesis of deriuatives of cyclic hydrocarbons in order to prepare standard mistures for 
gas chromatography. It was found that the methylation of C,-C, cycloalkanes with 
diazomethane follows the usual course of the methylation of saturated hydrocarbons, 
z.e.. the replacement of hydrogen atoms by methylene groups takes place evenly at 
carbon-hydrogen bonds of any type. 

As an esample, let us consider the products resulting from the methylation of 
ethykyclopentane and methylcyclopentane, Seven isomeric C, hydrocarbons should 
be produced in the following proportions: 3 parts of zz-propylcyclopentane. 2 parts of 
isopropylcyclopentnne~ 1 part of i,l-methylethylcyclopentane, 2 parts of c-is-l- 
methyl-kthylcyclopentane, 2 parts of rmzzs-I-methyl-2-ethylcyclopentane, 2 parts Of 
cis-I-methyl-3-ethylcyclopentalie and 2 parts of rmzzs-1-methyl-3-ethylcyclopentane. 
The experimental results of the determination of the products Of the methylntion of 
methylcyclohexane”j are quoted in Table 2. It is evident that the methylation of cyclic 
hydrocarbons obeys the same regularities as the methylation of open-chain hydro- 
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TABLE Z 

METHYLENE INSERTIOE REACTIONS OF EXHYLCYCLOPENTANE AND XlETHYL- 

Ethykyctopentane 

7.6 

carbons_ ix_, it proceeds srrictly sttttistidly. and the conlposition of tkc products 
prepared agrees \vell with expectation. The signiktnce of this method lies in the fact 
that it can be used to prepare a large number ofstereoisomers- the synthesis of \vhich 
is usually very difficult and not always possible by other methods. 

At present, the introduction of :l mcthylent x group is \\ idcly used for the prepa- 
ration of standard mixtures_ Examples are the preparation of the C,, hydrocarbons of 
the bisbicyclo[3_3_0]octane series’“_ meth~lbic_vcIo[3_3_1]1~o1~~~ne’“_ I _Z.3.4_5-ptn- 
tameth_vlc~clohesttne and I .2~3,~,5~6-hes~tn~cth~lc~clol~~~~~~~e~*. al~~lttd~tmant~tnc”. 
triaikyl-substituted C~CIOII~S~~IICS’~, 1_2_3-tri- and I .2_3.?-tetraalligIc_vclopcntancs”. 
monomet~i~lbic_vclo[LC_3_O]rtonai~c” and n~ethylbicyzlo[4_4_O]dec3ne’9 

The studies performed prove the universality of the methylene-introduction 
method in the preparation ofmistures of hydrocarbons that arc to lx used as stan- 
dard mixtures, 

(h/ Ison;M:~~riot~ rem-iiom 

Petrov and co-workers” su,, -nested a reaction method for the preparation of 
C,-C, aktnes. based on the isomerization of individual, readily available hydro- 
carbons in the presence of aluminium bromide as follows. A IO-IS-ml volume of 

octane (isooctanc or another hydrocarbon) was isomerized in the presence of alumin- 

ium bromide ( 15-20 ‘;:,, w/w) at ambient temperature for 3-12 h in a closed t&k 
with shaking. After the reaction w:ts compieted. the reaction mixture was neutralized 
with 40% sodium hydroxide solution and the supernatant layer was washed. dried and 
distilled_ The mixture of the products prepared was analyzed on a capillary column. 
employing a flame ionization detector_ The chromatographic column was 70 m long 
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and 0.25 mm I-D_ and coated with squalane_ The preparation \vas carried out at 
temperatures of 30, 50 and SO@_ 

Starting from the generally accepted scheme of t!te isomerization of octanes. 
one can assume that the isomerization proceeds in ;I steplvisc manner: 

monosubstituted disubstituted 

( 

disubsritutcd isomers 

I 

trisubstituted 
odane ZZ isomers z isomers z with a quaternary Z isomers 

carbon atom 

When identifying the products, it is necessary to bear in mind that reactions 
that involve a cltanse in the number of tertiary carbon atoms proceed considerably 
more slowly than other types of isomerization reactions (e.g._ transfer of a radical 
along the chain)_ For instance_ in the isomerization of oct;me_ OIX would cspect the 
formation mainly of trisubstituted isomers. As for monosubstituted and disubstituted 
hydrocarbons (rcgrdlcss of the degree of conversion of the initial hydrocarbon!_ an 
equilibrium can usunlly be set up. As a result of the stepivise cltarsctcr of isomeriza- 
Con, it is cspedient to employ 1_2_Lt-trimeth_vlpent3nc for the preparution of trisub- 
stituted ltydrocarbons_ 

As destructive alkylation accompanies the isomerization by aluntiniunt bro- 
mide_ theoctane isonteratesconttlin all of the theoretically possible isonters of heptanc_ 
hcsane and pentane in amounts sufficient for analysis. Hence, calibration misturcs 
prepared from octane and isooctanc represent a group of all of the possible C,-C, 

alktncs and can be used in the evalutltion of cliromato~rams of gasoline fractions. 
Tabk 3 contains the rclativc retention data on squalanc for 30 alknnes prepared in 
ihe tlbovc mwtncr”. 

More recently, the method of isomerization has been used in the preparation 
of standard ltvdrocarbon misturcs 2s-5*_ 

The use of the products of the radiolysis of organic compounds as standard 
mixtures \V;IS sugGestcd bx Berezkin and Polak”. It \xxs proved earlier fltat rite di- 
ntcric product formed in the mdinlyGs of hesrtnc in the liquid phase is the result of the 
recombination of t\vo ltesyl radic;W”: 

C,H,, -- C,H,, +- H (4) 

C,H,J +- C,H,, -:- CtZtiZ6 (5) 

Thus. the dimeric product is composed of compounds originating from the contbina- 
tion of t\vo of the three possible hesyl radicals (c/:f:-Table 4)_ Experimental results con- 
tirmcd the radical mechanism of the formation of the dinteric product”‘. the composi- 
tion of which \vas completely in accordance with cspcctation. Therefore. ntistures of 
dinteric products from rite radiolysis of pentane. hesane, ltcptttne and other ltydro- 
carbons GLII be used as standard ntistures in the deterntinarion of retention data of 
hydrocarbons_ 

A detailed study of the possibilities of the USC of hydrocarbons produced b, 

the radiolysis of n-alkanes, YS standard substances in quttlirativc ‘7~ ,a cltromntogroplt\-. 
was made by Armenante et cd_ ” The rtrdiolysis uxs carried out in the following way. _ 
Samples of n-heptane and Iz-octane were degassed before irrrtdirttion by repeating :t 
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TABLE 3 

RELATIVE RETEkTTION DATA OF C,-Cx ALKANES ON SQUALANE AS THE STATION- 
ARY PHASE 

Hyh-ururhorr 

Z.Z-Dimethylbutane* 
2,3-Dimethylbutane_ 
Z-Methylpentane’ 
3-Methvlpsntane_ 
Hexing_ 
2,2-Dimethylpentane’ 
2_~Dimetl~~lpentnne_ 
l_Z_3-Trimeth_vlbutane* 
3_3-DimethyIpentane 
2-5Iethylhesane’ 
2.3-Dimeth~Ipentane‘ 
3-Methylhcxane’ 
3-EthyIpentanc’ 
2.2.4TrimtthyIpenranc_ 
Heptane_ 
2_2_3.3-Tetramethylbutane 
7 7-DimethyIhesane_ -.- 
2.5Dimeth_vlhexane_ 
2_4-DimetPylhe.ssne_ 
2_2_3-Trimethyfpentrne_ 
3.3-Dimethylhe.xme 
2,3.4-TrimethyIpentttnc_ 
Z&3-TrimethyIpentane_ 
7 i-Dimethvlhetine‘ -.- 
2-Jleth+3&h>-Ipentanr 
l-Xleth_vlheptane_ 
-I-Mrthylheptane 
i.;lDimeth;lhe.xane 
34lethylheptxte_ 
3-Ethylhe.xane 
Octane’ 

f3.p. 
(‘;C) 

49.73 1 
57.985 
60.272 
63.252 
6S.730 
79.198 
so.500 
so.ss3 
S6.Oa 
90.051 
SY_7s4 
Y!.S51 
93.475 
99.238 
YS.128 

106.300 
106..UO 
IOY.103 
109_4ZY 
iOY_Ml 
i11.96S 
I 13.467 
I t4.i60 
I 15.607 
1 i 5.650 
I 17.646 
i17.705, 
I 17_725 
1 IS.925 
1 IS-531 
15665 

30 50 SO 

-- 
._. 

o-47 0.53 0.55 
0.65 0.75 O-76 
0.70 O-75 0.76 
OS2 0.56 OS9 
1.00 I .oo 1.00 
1.25 1.25 I.27 
139 I.31 I.29 
IS0 l-46 I A5 
IS0 I.77 1.66 
2.09 I .YO 1 .S5 
7.18 2.10 2.00 
2.30 2.17 2.0-l 
2.57 2.31 --- 7 74 
2.61 2__lO 2.34 
j_lS 2.67 2.50 
- - 

3.62 3.10 2-97 
4.13 _3_50 3.17 
430 3.64 3.29 
4-43 3.z ;_52 
4.45 1.05 3-71 
4.95 145 _3_YO 
5.12 ?.SZ 4.z 
5.1’ 3s’ . - 4.21 
5_42 1.x1 1.12 
5-73 5.1) I-i_? 
5.92 5.13 4.34 
5.07 5.32 4.40 
6.16 5.40 440 
s__l_? 5.6’ 4.3 
5.17 7-15 5X 

_ The individual hydroarbons used in the analysis of the composition of the stanciard mixrur~x 

cycle offreezing_ evacuation and melting in a small glass capillary. 45 mm long and I.5 
mm I-D_ The ttmpouies were then sealed under vxuum and irradiated with charges 
of up to 22 Mrad of ;-.-radiation from a YIo sourer’ at room temperature_ The glass 

cttpiiiaq with the radiolysis products was placed in ;1 small bulb-crusher_ which re- 

T.ABLE ? 

COMPOSITIOS OF THE DIMERIC PRODUCTS OF THE RADIOLYSIS OF HEXXNE 
RESULTING FROM THE RECOMBINATION OF HEXYL RADICALS 

Reucritz~ rdicd CH,( CHJ;CH, CH,(CH,j,CHCH, CH,IC~I,),CrlCH,CH,-’ 

CH,(CH,I,CH, Dodecane 5Methylundecane I-Ethyldeane 
CH,(.CH,),CHCH, __ 5.6-Dimethyldrazme 4-Ethyl-5methylnonnne 
CH&CH~)~CHCH$ZH~ - _- 4.5Diethyloctane 
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placed the usuttl gas chrxnatographic inlet port. and crushed in the carrier gas stream. 
This method of sample introduction prevents the fractionation of the reaction mis- 
lure and affords a precise quantitative analysis of a wide ranse of reaction products- 
Some of the conditions of the radiolysis, s~lch ZLS the shape of the ampoLk nature of 
the ionizing radiation and temperature, can be nltcred withoLLt caLLsing a si@icant 
chzLn_ee in the composition of the reaction products_ It is therefore possible to prepare 
a wide ranse of standard hydrocarbons in almost any laboratory by the radiolysis of 
;I suitable o-ttlkane. 

Armcnttnte L’I uI_“~ presented :L general discLLssion of the radiolytic spectra of 
wtLlkrmes and, by virtue of extensive experimental experience. formulated repul:Lritits 
that permitted the complete spectrLLm of the radiolytical prodLLcts oTtmy n-alkane to 

be predicted and the indiuidurtl hydroctLrbon components of these spectra to be quick- 
ly tLnd easily idcntilied. 

The radiolysis of ;L C,, alkane. containing IZ carbon tLtoms_ yields :L number of 
saturated and LmsrLtLLrtLted hydrocarbons C,.. the carbon numbers (1~) of the individual 
reaction products varyins from 1 LIP to 3~. The complete spectrum of the rttdiolysis 
products c:Ln be divided into four parts_ ;Ls follows_ 

( I ) The zone of the ‘~fr~L~-mt’ntation products” contains saturated and Lmsatu- 
rated strrLi$t-chain C,-C,,_ L hydrocarbons. The aikanes arecontained in approsimate- 
l_v equal molar cOLlceLltL-;LtioLlS, esccpt for methtLnc :Lnd the C,,_ 1 alkane, the COIlttxltS 

of \vhich ;Irc louver. The molar content of I-alkenes is about 30 :,Y;, of th:Lt of the cor- 
responding ~Llksnes. 2-Alkcncs :Lnd xctvlene x-e prodLLccd in negligible ;LmoLLnts_ 
NtlloLlgll the “fi-;L~menttLtion plwdtlcts” xc’ commercially available lwdrocarbons. 
the possibilit_v of the rapid and .-easy preparation of such ;L wide rang-t“ of standard 
hydroc;Lrbons is important. 

(1) The zone of -‘dehydro~enstioll products” contains all the possible C,, al- 
ktxws \vith one double bond and the s;Lme ctLrbon skeleton as that of the parent II- 
aIk;ane. Ho\vtver_ these alkcnes :Lre not suitable as standtwd sLLbst;mct’s for qualita- 
t ivc g;~s chromatogrtLphv bwausc they r~l~~-trys givs tuw peaks_ corresponding to the 
C%V and n-ms forms of the alkcnc. on separation_ the relative positions of which ;Lre 
wry sensitive to the conditions af~ep:Lr;Ltion_ 

(3) The zone of the --products of synthesis” cont:Lins isamtric LmS;LtLLr;Lted 

C,:, L-C2,~_, hydrocarbons. These hydrocarbons arise from the substitution of somt 

of the hvdrogen ;Ltoms in the molecule of the initial n-alkane by alkyl r:Ldicals pro- 

dLLccd biF the radiolytical cletLvage of C-C bonds. 
(4) The wont of--dimcri~Ltion products” contains isomeric C2,, tLlkanes_ \vhich 

originate from combination of the radicals produced by the radiol_vtic cleavage of 
C-H bonds in the nwlect~lc of the initial wtIIka~x_ lfn is :LII even numbsr. IZ(IZ - 2);s 

isomers art‘ obtained from the C,, alkanc. and (II .-L I ) (II -- 3)jS isomers ifrz is an odd 
number_ Also. the relative proportions of the isomers are characteristic of the indi- 
vidual types of dimer ztnd lkilitate their identi!ictLtion_ On a non-polar stationary 
plwse. isomtric hydrocarbons are eluted in a seqLLencc :Lccordine to their boiling 
points_ Armenantr cat u/_ quoted simple formulae for the simple and rapid calculation 
ofthe boil+ point of any heavy prodLLct ofmdiolysis. Th~ls_ the --synthesis products” 
:Lnd “dimerization products” form :I rarely obtained complete series of isomcric 
saturated hydrocarbons. \vhich c:Ln be employed very ~41 as standard substances in 
the qLialitati\t ‘= gas chromatograpbv of hydrocarbons. _ 
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When calibrating chromatographic columns, it is also possible to use products 
obtained by the acEion of other types of radiation (e.g., ultraviokt lighP3’ and laser 
r-tdi-ltiodS-59)_ a L 

/<I) Disprol,ortioncrtion 
In addition to alkylation and isomrrization reactions for the preparation of 

mixtures of alkylbenzene isomers_ ;m especitilly useful technique is that based on dis- 
proportionatiom Baumann and Csicse@’ prepared mixtures of selected C,, and C,, 
aikylbenzene isomers in this way and used them for identification purposes. 

The isomeric alkylbenzenes were prepared by the disproportionation of I- 
Illethyl-l-ethylbelizene in ;L steel tube of 6 mm I-D__ packed with O-5 ml of silica- 
alumina crrtcking cakdyst under atmospheric pressure_ at ;t temperature of400;‘ and 
xvith hydrogen as dilucnt. the reaction pcricd beins 65 min_ Methyl teinsfcr (eqn_ 6) 

produced ethylbenzene and dilllethrlbellzelles_ and ethyl transfer (eqn_ 7) yielded 
meth~Idiethylbrnzen~ and toluene. 

2 -3 

‘2’5 
(6) 

(7) 

Retention data of the mixtures of C,, and C,, alkyl aromatics obtained by the dis- 
proportionation of I-methyl-l-eth~lbenzene. separated with fempernture program- 
ming from 6.0 to 130’ at the rate of I -/min on ;I capillary column coated \vith Icon LB 

550 S, are gisen in Erble 5. 

TABLE 5 

AROMATIC C,,C,, HYDROCARBONS RESULTIKG FROXI THE t~ISPROPORTIOXX- 
TION OF I-METHYL-2-ETHYLBENZENE 
I- = Relarivc retentions of the aromatic hydrocarbons relative to I-mrth~l-3-isopropvlhenz~~~~: 2 == 
retention indices ofthe aromntic hydrcxxbons. The retention data wcrc meaurcd on Ucon LB 550 S 
as the stationac phase xvith temperature programmin, = from 60 to IX1 at I : min_ 

- _- 
_-lro~ttulic I~wirucurhon r I 

I-~Icrh?_I-3,5_dieth_vlbcnzcne 
I-~lcthvl-j.~ieth\-lbenzmc 
I-MethyI-l-4-diethylbenzene 
I-XIrtli~I-Z_~-diethvlbrnzenc 

- 

1.116 
1.333 
I.360 
I.390 
I .-I12 
1.530 

I.661 
I.740 
I.773 
I .s27 
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The thermal cleavage of C-C bonds (cracking. dealkylation and depolymcriza- 
tion) takes place in the absence of catalysts. in the presence of catalysts. C-H bonds 
are also cleaved and dehydro~enation will occur’* : 

R-C,,H, TL R-CUH,_2, + c-H2 (S) 

Thus, alkenes (c = I), alkadienes (c = 1) and aromatics (c. - 3). or possibly’substances 
that contain even less hydrogen (carboids is the limiting cast) arise from alkanes. 

On contact catalysts. dehydrogenation takes place rather than cracking even 

at iii@ temperatures_ r-g. at 600’_ Allanes are adsorbed on the active sites of :t cata- 
lyst S, and the dchidrogcnation proceeds according to the schemer 

X --- H-CHR X-H - - - CHR XH CHR c _.+ 
_x - - - H-(?H, X-H _ _ _ &j, -‘- XH -’ 

:I (9) 
CH, 

Alkenes arc the primary products_ The rcxtion is utilized in case of C3-C5 alkmcs. 

C, znd higher alkanrs are dehydrogenated_ via alkenes_ usually to aromatics 
(dch~~droc~clizativn). The cyclimtion probably starts from a double bond. for in- 
st:mcc, 1 -heptcns and 2-hcptcnc arc aronxtized. \vith the xu17e case. to forill tolucnc I 

I-heptcne -~ :- C-=C-C-C-C-F-C ---.- toluene 
i -. . _~ ! 

2-heptene -- C-C-C-C-C-C-C - toluene 
(10) 

! 

tures of stmdwds for the analysis of straight-chain alkencs and arollxtic hydrocar- 
bons_ v&ich c:tn :~Iso be used ;ls standard misturcs in the anal;sis nfcomp1c.s nii.xturcs 
of hwtrocm-bans. 

The initial substances for the preparation of mised I;-al!,ews EIC Furc indi- 
vidual n-alkancs_ As for the cattilysts. use can be nmde of various kinds of drhydroge- 
nation catalyst of the osidation type such as, for csan~plc. catalysts \vith the n~ain de- 
hydrogenation conq-mnrnt of the osidcs of chron~iun~. nwlybdcnum. etc.. deposited 
on aluinina or soine otha- supporP-.‘I’_ The deh~dro~entttinn is carried out in an 
isothernml reactor at ternpcc~turcs of *OO-500”_ Deactivation of the ctttalvst due to 
cokingaJ’. or by cyclopcntadicnc or furfur;P. results in the poisoning of its dehy- 
drocyclization ability \vhilr prcscrvin, *r its dch\:dro~cnatiun xtivitv_ Hence. the dc- _ 
hydro~emtion over a deactivated molybdenum-3lumin:t catalyst at a trfnlpcrature of 
470’ lvith a vttpour: wdodecane ratio of4.0 and a contact time over the catalyst bed 
af2.5 sec. Roth C’I ul_” achieved ;I 62 I;(, selectivity in the conversion to nlonoolelins at 
ii -.a. 1 3 “ overall conversion of px:iffn_ 

The composition of the dehydro~enation products is dttcrnksd primarily by 
cattllytic statistics_ The dehydrogentttion ofan n-alkane results in ;I rnisture ofall oftht’ 
theoretically possible straight-chain alkenes, particulttrly IZ-alkenrs \vith internal dou- 
ble bondsJ3-Js’, with a carbon number correspondin, CT to thst of the /I-alkane. The pro- 

portions of the individual positional isomers of the alkenrs are dependent on the car- 
bon number of the walkttnc dehydrogenated. With an even carbon number. there are 

about half as many isomers with the innermost double bond as those with the double 
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bond in other inner positions_ With n-alkenes with an odd carbon number, the pro- 
portions of the individual inner positional isomers are about the same fdecreasing 
slightly as the double bond shifts towards the centre of the molecule)_ The ratio of 
the amounts of the positional (I- and 2-) isomers is approximately 114. and of the 
geometrical (n-am- and cis-) isomers about 2: I_ 

Further, the dehydrogenarion mixture contains aromatic hydrocarbons, iso- 
alkancs. cracking products. diolefins and trioiefins~2. in order to separate walkenes 
from this mixture. it is possible to employ column chromatography on silica gel and 
to isoiate aromatics at the same time_ The IZ-alkenes are obtained considerably more 
rapidly and Icss laboriously in this manner in comparison with chemical syntheses of 
individua1 walkenes’y-iU_ 

The proportions of the individual straight-chain tllkenes are very similar_ so 
that they can be separated only bs the use of high-efticiency capillary columns. In 
the chromatohraphy of Ir-alkenes from the dehydrogenation products of C--C,, JI- 

alkanes, the separation was achieved of all the theoretically possible C,-C,, n-alkncs 
on a 200-m capillary column coated with squttlane. the only exception being the pair 
of I -decent and irCIIts-~-deceiie~3-~s_ The retention indices of the walkenes, as measured 
on this coIumn_ arc_ summarized in Table 6_ 

The aromatic hydrocarbons from the deh_vdro~en3tion products of IZ-alkanes 
are most& further dehydrogenated wdkenes. The composition of the a-omatic hy- 
drocarbons from the dehydrogenation of n-alkanrs is also given mainly by catalytic 
statistics according to the above cyclization scheme_ For exm~pIe_ the dchydrocyIiztt- 
tion of the individual positional +undecenes proceeds as folhnvs: 

I-undecene --- F=C-C-C-C-C-C-C-C-C-C - pent_vlbenzene 

z_undecene -- C-C:zC- C C C C C C C-C - - - - - - - I-methyl-2-btItvlbcnzenc 
: 

3-undeeene - - C-C-C- C-C-C-C-C-C-C-C - I -eth\tl-2-prap_vlbenztlne 

$_undecene ---- C-C-C-C-C-C-C-C-C-C-C - I-r:l~~i-2-propylbe~~zene 

5undecene --- C-C-C-C-C=C-C-C-C-C-C - - I-Illsth~i-?-butyibcnzcne 
I _ _-_ I 

Thus_ the foIlowing substances were found as the major aromatic components in the 
dehydrogenation products of n-octane_ iz-nonale. II-decant _ and iz-undecane, respec- 
tively: ethylbenzene snd o-syiene: I-methyl-2-eth~lbenzclle and propylbenzenrr l- 
methyl-2-propyibenzene_ 1,2-diethylbenzcnc and butylbenzener and I-methyl-l- 
bntyIbenzene, I-ethyl-2-propylbenzene and pentylbenzcne’3-51_ These mistut-es of 
aromatic hydrocarbons can also be utilized 3s standard mixtures. 

The retention indices of aromatic hydrocarbons from the drhydrogenation of 
C,-C,, n-alkanes. measured on a X0-m squalane capillary column at temperatures 
of S6, 100 and I 15’, are listed in Table 7. 

Other cleavage reactions can also be utilized for the preparation of standard 
mixtures of slkanes and aromatic hydrocarbons- The thermal cracking of higher 



temperature. 

1 -Hesene 
rrurrs-3-Hesene 
cis-3-Herene 
rrum-2-Hcscnc 
cis-7-Hcsenc 

I-Octene 
rrm+I-Octem 
ci+-?-Octene 
mrm-3-Octenc 
c-i\-3-Octene 
murs-2-Octene 
ci+Xktenr 

I-Nonene 
rmm-&Nonenc 

cis-S-Daxnr 
I-Dewnr 
zr~m=4-Dccr‘nl‘ 
ci.s-+Dccene 

c&-S-Undaxne 
cis-?-Undttax 
rrum44Jndecene 
frmx-S-Undecme 
I-Undecene 
c-is-3-Undrxzenc 
rrms-3-Undccene 
rrum-blindccene 
cis-Z-Undecene 
_ . 

I’ Yb CJ” p 
I15 

__ 

5s3.1 553.6 5Y4.0 
591.4 591.1 590.6 
593.cJ 593.3 593.7 
596.7 596.5 596.4 
604.6 604-Y 60X4 

6S1.S 653.1 683.5 
6S7.5 687.4 6S7.1 
601-7 6YZ.O 697.3 
6YS.7 698-7 698.7 
704_3 701.7 705.1 

751.3 . 782.6 7S1.Y 
754.2 7S-l.l 7s-l. 1 
X7.5) 7SS.’ 7SS.6 
7ss_4 7ss.1 755.0 
789.5 7SY.S 790.’ 
797.7 7Y7.5 797.3 
so1.s so32 503.6 
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TABLE 6 

STRAIGHT-CHAIN G-C,, ALKENES FROM THE CATALYTIC DEHYDROGENATION 
OF C,-C,, rr-ALKANES 

Gm, = Retention indiccx of the alkent% on squakane as the stationary phase at thepi\vn column 

SS1L . . 552.5 ss1.s . 
SS4.Z ss39 ss4.1 

SS-?.S . SS6.0 ss3.1 
SS6.6 SS6.1 SS6.5 
ss7.0 ss7.5 sss. 1 
S46.6 SY6_-? SY6.6 
00 1.5 90 1 _Y YO,_6 

951.0 ‘X41.6 YSLI 
YS7.1 ‘352.5 
981.2 YS2.5 
YSZ.1 YSLS 

ss3.0 YW_l 
Y)s5.-l YS5.S 
YS5R YSSS 
996.7 996.7 

lOOl.‘, 1001.7 

952.7 
YSI?_7 
YS3_4 
YS3_7 
YSS.5 
YS6.4 
YY6.6 

lOO1.2 

1077.6 1075.1 107S_Y 
1079.0 IOSO.5 IOSI_l 
1OSl.O lOSl_l lOSl.7 
1081.6 1OSl.S lOS1.0 
1052.2 1OS’A 1082.6 
1 OM.7 lOSS.3 1oss.s 
I os5.5 1 oss.4 I oss.3 
1096.6 1096.6 1096.5 
1101.1 11012 1101.9 
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I-_ABLE 7 

C,-C,, AROXlATIC HYDROCARBONS FRO&I THE CATALYTIC DEHYDROGENATION 
OF C,,-C,, rr-ALKAi\iES 

c?aP = Retention indices of the aromatic hydrocxrhons on squttlane ;IS the stationtiry pbrtie at the 
given colunln rempemture. 

Prop~lbetmnr 931.6 Y35.Y Y-w2 
l-XIrth_vt-~~~t~~Ibr~~ze~~c 96t.l 96-l-7 Y6S_S 

II-alkrmes yields mainly I-alkencs”_ Throu$~ the isomerization of I-alkcncs_ it is also 
possible to prepare inistures of n-alknrP_ The product of the catalytic 

rdorrnin~ of heavy petrols is ;L suitable material for obtainin, *= a standard misture of 

all C,-C,, aromatic h~drocarbonP_ Similarly. other products from the prowssing of 
crude oil frxtions C:LI~ :tlso st‘rvr‘_ L -Lftcr th&r modiiication_ ~1s ~lseful mixed standards 
in connection -\vith high-etficisnc~- chromato~1_raph~ and the precise me;!surement of 
rctcntion drtta_ 

Kuguchrva and AIeksee~a5g studied the conditions of the rapid cstaI$ic 
microsynthesis of some C5-C, hydrocxbons from alcohols. They found conditions 
under which not more thxn three components with constant qurmtittttivc proportions 
were obtained. The dehydration \v:~s carried out in the vapour phase in a flow-through 
system_ the concentration of the initial ttlcohoIs bring 10-2-10-‘~;, by voiumr in ni- 
trogen_ Amounts of02-I.O;tl of the initirt1 liquid product were charged into :t IOO- 
ml syringe provided with ;t PTFE disk for misin g. The micro-reactor was ;I V-shaped 
4;tss tube 10 cm Ions and 0.2-O-4 cm in diarnrtcr. The precision of the thermostatic c 
control was t 3 _ The mixture 1~;~s expelled from the syringe through the reactor at 
the rate of 10 ml/set. At the end of the reactor, the gas was taken into another syringe 
from which it was injected into the chromatograph. The synthesis, including the prep- 
aration operations_ took 5 min_ For the preparation of prntrmrs, :t modilied potas- 

sium triphosphate and alumina were used as the catalysts. There were signilicrmt dif- 
ferences in the concentrations of the isomeric pentanes, as can be seen from Table S. 
The reproducibility WZLS -k lOsJ_ 
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I 

‘T ::::_O!,:~:.t.::v:. 
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-0.8 -0-6 -0.2 i, * 
Cj 

0.2 O-4 0:6 QS 
tog Cti/t 51 

B 

ysis products were separated on a 100 :-. 0.4 cm 1-D. column packed with S “;; dinonyl 
phthrtlttte on Spherochrom at 75 _ The results obtvincd arc illustrated in Fig. 1. \4lich 
shows the logrithms of the relative retention data of the basic products of pyrol_vsis 
plotted against the rel:.‘latixx heights of the rcrpwtivc peaks_ !n addition to ottr results. 
those for Hostalen CC polyethylene and Hostrtlen PPN pol\;prop_vlene_ taken from 

Voigt‘s pap&“_ have been incorporated into the plots. The results at-t‘ virtually iden- 
tical. The slight dilkence in the retention data of ths compounds may bc due to a 
difkrence in the stationary phases employed (Voigt used didccyl phthalate). There ax-t‘ 
wry few variations in the quantitative data except for peak number IS, the diikrencc 
in which can be cspittined as being due to losses on the column. 

Hence, thk mixtures of vohttile products produced by the pyrolysis of the 
polymers are sulficicntly reproducible and can bc used in the quaiitatiw calibration 
of gas chromtltographic columns. In principle, there art’ no objections against WI- 

ploy@ the products of the pyrolysis of volatile substances as standard n~isturcshJ-“O_ 

This reaction is of verv treat importsncr in the preparation of hydrocarbons 
from various derivatives_ B&I& and Cwdhi, who developed a method for carbon 
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skeleton determinations, help to widen the applicability of this reaction in gas chro- 
mrttography_ The method can be utilized in the prepararion of either individual hydro- 
carbons or their mixtures_ Fable 9 shows some complicated reactions in which a 
reacting substance yields several products_ 

TABLE 9 

PRODUCTS OF THE HYDROGENATION OF SOME DERIV.L\TIVES OF HYDROCARBONS 

Catalyst. 1 :< Pd; tcnqxrature. 300’ I h+ro~en flow-rate, 20 niljtiiin. 

Rcwcri~r.~= srrI,.\-rmcc* RCWC~JJI 

Aldel1yie RCHO .- - RH. RCH,- 
Carbosvlic acid 
Anhydkir 

RC<30;1- - RH. RCH; 
lRCG)>O - - RH. RCHJ 

. 

Xlcohol (prinxi~) RCH,OH -- RH, RCHJ- 
Ester R-COOCHzR .-- RH. RCHJI; RH, RCH,’ 
Ethel- RCHLOCH:R -- - RH. RCH2- 
AnGie R’CONHCH2R -. - RH, RCH,: R’H, RCH; 

_ These compounds occur in small amounts or not at all_ 

Unsaturated compounds, httlo~en-contailiilig compounds. ttlcohols (sccond- 
trry or tertiary)_ cthcrs (secondary or tertisry), esters (secondary or tertiary alcohol 
moiety), and amides (NH group bound to :t secondary or tertiat-y carbon atom) yield 
tlw parent hydrocarbon upon h_vdrogentttion_ 

Uhdcovti and JanriP studied the possibility of utilizin, ‘* hydrosrnation reac- 
Cons of hydrocarbons. conducted in rl reaction gas chrotiirtto~t-~tphv apparatus. for 
the direct preparation of standard hydrocarbons for qualitative ‘7. ,a chromatography_ 
The study \v;ts particularly concerned xvith the qualitative course of the reactions of 
hydrocarbons of the follo\ving basic structural types: aliphatic hydrocarbons (pcn- 
tttnc_ hcsane. heptane_ octane). at-omtttic hydrocarbons (benzene. roluene. ethyl- 
benzene. o-sylenc. st_vrene) and alicyclic hydrocarbons (cyclopentttne_ cyclopcntens_ 
cyclohrsttnc. cyclol~rsenr)_ Hydrogen \v:ts used as the carrier gas and Raney nic!-xl 
( lO”-J. w.!\v_ of nickel and 21.t:. w\-/w. of Apiczon M on glass beads) 3s the hydt-osena- 
tion catalyst_ 

The properties of Raney nickel depend on the reaction bed temperztturc. while 
the h~~;droScriation. isomcrization and hydrosenolytic activity of the h_vdrogenntion 
pxking increase \\hcn the tempemture of the t-eaction bed is increased. The condi- 
tions of the t-c:tc&n can be chosen such that the carbon skeleton of the hydrocarbons 
hxdrogcnrtted rcmttin unaltrrcd and do not undergo hydt-ogenolytic cleavape (at 
temperatures of 60 and 110’. the hydrogenation of only aromatic and unsatutxted 
:tlicyclic hydrocarbons, respectively, occurs. \vhile the hydrogenation of styrsne and 

o-sylene yields isomeric 1.2-dimethylcyclohcstlnes). or such that the hydt-ogenolytic 
activity ofthe hydrogenation packin g applies (at a temperature of 1 SO’_ the hydrogentt- 
tian packing sho~vs a marked hydrogenolytic activity. a gradual splitting otf of meth- 
ane from the basic aliphatic and ttrortxttic hydrocarbons as ~41 as their reaction 
products occurs. the ttlicgclic and aromaric rinss at-e cleaved, and the l~ydrc~gct~olytic 
activity of the hydrogenation packin, ‘r is accompanied bv hvdrozenation. dehydrosc- 

- - nation and isomrrization activity: c;f: Table IO)_ 
In both instances_ the reactions of hydrocarbons over Rttncy nickel proceed re- 
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6_ SUMSI.ARY 

ChcmicaI reaction methods an be used to prcpttre stttndttrd compounds or 
rhcir n$stttrcs which can serve as standards for thr identification of peaks of unkno~vn 

substances by gas chromatogmphy by means of retention &a_ Tk IU~tlkWIetlts i-w 
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the character and course of the chemical reaction chosen for rhis purpose are specified. 
In practice, either reactions conducted outside the chromntogrt~phic sysfem can bc 
used. or use can bc nude of techniques of analytical reaction gas chromatogaphy. 
A survey of the possibitities of utilizing standard mixtures prepared in this w:~y in 
qiirtlittiti\t lx gas chromt~to~rr~ph~ and of the basic chemical reaction methods for the 
preparation of standard hydrocarbon mistures is prescntcd. 
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