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SU'MMARY

- Carbopack C, a graphxtzzed carbon black with a surface area of abont 8 mz/ g,
has been modified with 2,4,5,7-tetranitrofluorenone (FeNF} and used as the packing
material for the analysis of ahphatlc and aromatic hydrocarbons. By varying the

-amount of the modifying agent, the packing material was evaluated in terms of selectiv-
ity and retention. Carbopack C modified with 0.34 9, TeNF was found to be capable of
separating 25 aromatic hydrocarbons in about 45 min at 183°. By modifying the Car-
bopack C surface with 0.28% TeNF, rapid separation at 56° of C, hydrocarbons
could be obtained. By decreasing the amount of TeNF to 0.22%, the separation of
- alkanes and olefins in the C,~C; range was achieved in 34 min. To reduce the analysis
" time, hydrogen was used as the carrier gas. The advantage of using hydrogen over
nitrogen is discussed in terms of Van Deemter curves.

INTRODUCHON

o Many mvestxgators have studied the analys:s of hydrocarbons by gas chroma-
‘tography and many types of liquid phases 2nd adscrbing systems have been suggested.
For the separation of light hydrocarbons, say up to Cs, some workers have proposed
‘the. use of complicated mixtures of liquid phases, careful treatment of the solid sup-
. port or multiple columns; thus making the analys;s difficult and laborious.
B Beécause of the wide range of volatilities of the hydrocarbons involved, the
sepatatlons obtained by the use of gas-liquid chromatographic columns are generally
unsatisfactory. In addition, in all instances the liquid stationary phases reported in
. the literature need to be operated at unreahstxmllv fow temperatures which cannot
= be controﬂed when ordinary gas chromatographic apparatus is used. :
- . -Alumina and silica gel, either pure or modified with non-volatile liquids or
. morgamc salts, have been used successfully by ‘a number of investigators for the anal-
- CysisTof: lxg.ht hych'eca.ﬂ:»ons“‘s :A limiting factor in the routine use. of these columns,
: however, is their degradation by trace amounts of moisture in the carricr gas.
LT n-Octane——PoraszI C, which is a stationary phase chemically bonded to a porous
silica surface; has been shown to-be effective in separating all C, isomers with a very
- shori ehmon nm Even thlS packmg matenal, however, has the dssadvamage that it
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- rnust be operated at ambxent temperature In ad:ut:on the aﬁn.ty for water of mxdualf .
Si-OH groups on the silica su:face prcvokas a gradual change in the chmmatographxc

"-‘charactenst:cs of the material.-
‘Asfaras the analys:s of aromatxc hydrocarbons is: f'oncemed it ha.s been showa '

) that the use of either - very polar liguid phases or'an organo-clay, ‘such-as Bentone 34,
' is cffective in separating very complex aromatic mixtures. The analysxs of 38 aromatic

hydrocarbons eluting in 31 peaks has been made’ possible by the use’ of 1,2,3-tris«(2-

cyanoethoxy)propane (TCEP) as a stationary. phassona 300-ft. long open-tubular
column®. With an elution time of about 100 min, the separation of 23 isomeric aro-
matic hydrocarbons in the Cs-C, range, with n-butylbenzene and m-diethylbenzene
eluting as one peak, has been obtained by Diirbeck® using two columns packed with

Bentone 34, one madified with silicone oil and the other with lanolin, Near baseline

separation . of a mixture containing styrene in the presence of xylenes and’ propyl-

benzenes within 15 min has been obtamed by Ottenstein er al.l? w1th ‘the use of 5%

SP-1200-1.75%, Rentone 34. - : 7

The adsorbing suiface of graphitized. carbon black lGCB) partlally modified
with various electron-acceptor compounds has been shown to be very effective in
separating both aliphatic and aromatic complex mixtures. Interactions between elec-
tron-donor adsorbates and electron-acceptor pre-adsorbed compounds modify. the
selectivity characteristics of the GCB surface. The extent of this modification is de-
pendent strictly upon the surface concentration of the modifier as well as its complex—
ing ability. Carbopack B, which is a GCB with a surface area of about 100 m?/g, has
been medified with a very strong Lewis acid-type compound, picric acid!*. By the use
of this packing material, the analysis at 46° of 20 hght unpurrt:es contained in a pure-

" grade 1,3-butadiene has been made possible. Using picric acid as a selectlvxty modifier,
Carbopack C (surface area about 8 m?/g) is able to give baseline separatlon ‘at 50°
of C, hydrocarbons plus isopentane and n-pentane within about 15 min!%. Carbopack
C modified with 1,3,5-trinitrobenzene (TNB) has proved to be useful for the ana.ly51s :

.of a C,~Cs hydrocarbon mixture containing both olefins and alkanes in 30 min at

50° 13 In the analysis of aromatic hydrocarbons, a suitable surface modifier was
found to be 2,4,7-trinitrofluorenone (TNF). Baseline separation of stryrene in the
presence of xylenes and propylbenzenes has been achzeved in apptox:mately 15 min

© by usmg 0.33% TNF-modified Carbopack C!.:

~ For general purposes, the above-mentioned electron acceptors have some
mmtatlons Thus, for the analysis of aromatic hydrocarbons, neither picric acid nor
TNB can be used as a surface modifier because of their relatively low thermal stabxhty
Conversely, TNF-modified Carbopack C columns did not have the necessary capa-
bility, as shown by picric acid and TNB, of separatmg conr,plex .1ght hydrocarbon
mixtures.

The object of this paper is to show that by usmg 2, 4 5, 7 tetramtsoﬂuorenone
{TeNF) as the modifying agent of the Carbopack C surface, tailor-made columns can
be made for the analysis of complex mixtures of both aliphutic and aromatic hydro=
carbons. Thus, by using a 0.289; TeNF-modxﬁed Carbopack C column at.56°, the

" complete: separation of C- hydrocarbons plus isopentane. and” n-pentane <M be

achieved in 17 min. By shghﬂy decreasing the percentage of. TeNF, 10 0.22%,- hydro—‘

~ carbons in the. CC; range-can be separated at 50° in about 35 min. ‘On.a3-m: long
column p?cked ‘with 0 34% TeNF-modxﬁed Catbopack C at 183° the sepa.ratxon,cf
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- ;25 aromaucs in the Cf,—C10 tange has bee: obtamca mtbm 43 min. The advama*e of
: ,Ausmg hydx:ogen as camet gas to reduce the analys:s tnme is also bneﬁy dlscussed

' EXPERIMENTAL

: Carbopack C was supplied by Supelco (BeHefonte Pa . U S.A.) as 80-100
mesh and was ground further to 100-120 mesh.

: -Column packings were prepared by dissolving. wezghed a_mounts of Te\IF in
methi!sne chloride znd add.mg the solution to a known weight of GCB in a flat dish.
The packings were dried slowiy at room temperature (20-22°) without stirring, as

this ope:at:on would crush the GCB pariicles. The dried matsrials were re-sieved ac-

~curately so as to maintain the proper mesh range.
Glass columns of I.D. 1.8 mm, usually of the coiled type were packed with th's
material with the aid of a vibraior. The packing operation is critical and, in order to
~obtain hxgh-eﬁic:ency columns, it is strongly recommended that the following proce-
dure should be followed closely. Packing material is added to the column by means of

- a funnel and the column is vibrated gently and continuously in a uniform manner

~ without shocks, starting from the bottom of the column and siowly moving up to the

top. The column must always be rotated in the same direction. Vibration causes somie

- re-adjustment of the GCB particles, which are more closely packed the more uniform
and regular this operation is carried out along the full length of the column. Vibration
is repeated several times and the packing can be terminated when a further vibration

" set from the bottom to the top affects the level of the carbon inside the column by less

than 0.2 mm. When a column is correctly packed, the amount of Carbopack C should

be about 0.89 g per miililitre of the column volume.

After packing the columns were conditioned overnight at 180° A <Carlo Erba
?viodel ‘GI gas chromatograph was used connected to a Leed and Northrup Speedo-
max recorder operzting with a2 I-mV full-scale response. At the maximum sensitivity
. of the amplifier system (1 x 1), about 1.5 pA gave full-scale response cn the recorder.
- Both extra-pure nitrogen and hydrogen were used as carrier gases. This precaution
" is important when operating at high temperatures; when gases of ordinary "purity
were used, slight variations in the separation factors of aromatic hydrocarbons were
'noted ‘Chémicals were obtained from commercial sources. Ethyltoluenes, isopropyl-
: toluenes and n—ptopyltoluen“s were prepared by the Friedel-Krafts reaction.

. RESULTS AND DISCUSSION

) Table I are reported retention indices at 180° of benzene, toluene and ethyl-
benzene calculated for adsorption on a bare carbon surface and for Car‘)opack C
modzﬁed with increasing amounts of TeNF. These values can be useful in evaluating

“the extent of modifications in the adsorption process caused by pre-adsorption of
electron-acceptor molecules on the carbon surface. Firstly, it appears that retention

~indices - ‘increase. lmearly as the surface concentration of TeNF is increased. This

. result seemis to indicate that 1:1 partial charge-transfer complexes are formed on the

B carbon surface between aromatic hydrocarbons and TeNF.

eI gas-liquid chromatography, by makmg use of a suitable stationary phase,

i such as TCEP benzene can be eluted even after dodemnes On the other hand,



- even when adsorpt:on occurson a monolayer of 'I‘eNF ‘benzene is e!utedr;
“tane. It can be deduced, therefore, that aisg'on.a substanﬂaﬂy mcdlﬁed GCB sm‘"ace‘ 3
- conventzonal adsorptxon forces are still xmportant in the eiutzon process:.

. By varying the surface concentratxon of the' mod.lfymc agent, columh selectivity -
can be chanced cont:nuously. This effect is well- illustrated in Fig. 1, where retentmn_' o
.- times relatwc to propylbenzene for a number ‘of aromatzc hydrocarbons are piattedj :

g (fé}f/fff;j)éa‘,j_ T
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" percen T As .d‘émonstmted e}séWhére‘ﬁ ‘this amount should correspoud rougbly to
111 _,‘TeNF necded tc form a mo::e or Iess cioselv packed mono!ayer. 7

= On the unmodxﬁed GCB surfaoe, m—xyfene is the ﬁrst to be eluted whereas o-

- and px ylen&s have. nearly the samie retention um&c. Thxs effect can be explained by
,‘jconsxdenng that the adsomtzon of structural isomers on the flat carbon surface de-

- pends strictly-upon the number of linkages that can come into contact with the ad-
{sorbmg surface: Therefore, m—xylene is more weakly adsorbed than either o- or p-

. ‘xylene; as: for the former only one CH .group of the benzene ring can contact the
- graphite surface ‘whereas for the Jatter twe isomers the. adsorption energies are nearly
- xdenﬁwal asin both instances two CH groups are in contact with the adsorbing surface.

‘ ‘On the other hand, ‘from the plot reported above it can be seen that on a mono-
!aye;: of TeNF moiecules dep051ted on GCB, o—xylene is more strongly retained than

B ig. Gaschmmatcgmm ofatomatxc bydmrbons at 187° on a 3 m X ‘ & mm I.D column con-
i taining Carbepack €.€100-120 mesh) modified.with 0. 34% TeNF. ‘Pressure’ drop, 5.0 kgfcm?; linear

"mmer gas 'veIoctty, 157 cm{sec, @met gas, hydrogen. 1= Benzene"z = ‘oluene, 3= ethyl-
33 C xsopmpyibeuzese 5 m-xylene f = p—xylene, 7 a-\:ylene, 8 tyrene 9 = n-
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A Fl.g. 3. Gas chromatogra_rn of a com;:!ex a:omatxc m:xture in the C‘-Cm range ‘at 183" Column
- cha.racter.stu:s, operatmg conditions ‘and” pazks 1-9-as in Fig:2; 10 = rert. -nutylbenzene 11 =

sec-butylbenzene; 12 = m-ethylioluene; 13 = p—ethyltoll_ene, 14 = a-ethyltoluene, 15 = m-iso=

. propyltoluene; 16 = o-!sopropyltolnene, i7 = p-xsopmoyltoluens, 18 = rsobutylbea,_eue, 19= =
»'1,- ,S-tmnethylbenzaene 20 = n-butylbenzcne, 21 = 1,2,4-mmethylbegzene, 22 == m—pmpygtoluene,

= l,2,3-trmtethylbenzene 24 p—ptopy!tohx:ne ?.S a-prepvlteluene. o L )

’ the m- + p—xylene pair. Thxs behavxm_r is accounted for by consu:lerma Ehat a-xylene__
~has a higher capability than the other isomers of establishing chargc-transfer interac- "
“tions with TeNF. For the purpose of separation, this favourable situation can be X -
- ploited by choos.ng a suitable amount of TeNF to be added to Carbopack c. -
.  Fig.2 machromatogram showing the rap:d separatzon, obtained by. usmgO 34‘7' g

) TeNF—modzﬁed Carbopack C, of an aromatic mixture that can be encountered in cer-
tain industrial streams. It can be seen that'a ‘base-line separation of the three xylene, :
“isomers’ has been achieved. Interest_ngly, ethylbenzene is-much Iess retained than thei .
* xylenés, which renders: - possible an accurate. determma&on of xylenes contamaa as: xm- —
purities in. pure-grade etny{benzene L : '
By shgbﬂv decreasmg the column temperature the samn coiumn packmg am .

~be used to analyze a more’ complex aromatlc ixture, as shown in Fig. 3.1t can be]
- seen:that good separatmns of many aromatic hyd:ocazbons in the Cé—Cm range have -
- been obtained, except for isopropyltoluenes.: In addition, a cnmzl factor is the sepa- .
ration of tert.-butylbenzene, sec.-butylbeuzeneand n—propylbenzene. Infa.ct, by shghtly} :
decreasmg the percentage of TeNF n—propylben_zene tends to be eluted wn:h ;ec =
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"f».,hown m Fxg 4 From' a practxcal pomt of vieve,' it is: qotéWorthy that this column
';'packmg can'be operated at 56°. This is~ a rea.hstzc column temperature that can’ bev :

.;_easxly contro!led m mOSt gas chromatographs.

mcnc acxd—modxﬁed Carhonack C column for separaimg C., hvdtomrboné‘z Wlth.
. ‘the former, however, propane.and propene, which may. be. present-in a” typxca{ C;jj
"hydrocarbon mixture of interest in the petroleum industry, cannot be separated S
- “By using the same column packing: ‘menticned above for the analys:s ofa C‘g--C5
hydrocarbon mixture, trm-pentene-z and n-pentane.are eluted with. nearly the same -
. retention times. This limitation can be.climinated by snnply decmsmg the amount
~of complemng agent. deposxted on the GCB ‘sarface: In this way, n—pentane, whzch 150
“*more ‘strongly adsorbed on the bare surface of GCB than the branched olefin; will -
> be retarded with respect to trans-pentene-2. Fxg 5 shows a chromatogram of the ‘hy-
: dromrbon mixture under consxderaticn eluted at 50° on Catbopack C partxally coated

[V,
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' rl‘ lg. S Chromatogram showmg the seoaranon at. 50° of a-C;-Cs hydmmrbon m.xture ona 3-m:_x
*- 1.8 mm LD, column conta:nmgCarbopacL C (mo-fzo mh) modified with 0.22/ TM Pmm:e
= drop, 3.0 kg/cm‘- linear carrier. gas velocity, 9.1 cm;sec* carrier gas;’ hydmgea, peaks: E—IO asin Fig. -

43 117 = 3-methylbutena-1: 12 = cyciogentene~ 13 = isopentane; 14 = pentene -1715 = z-metﬁyi-
N butene-l 16 = 'as-pentzue-z I? = -peniene-z 13 —'Jz-pentane 19 = Z-methylbutene-z.
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: Fzg 6 Van Deemter curves for two dlﬁ'erent mer gases (hydrogen and mtrogen) Column, 1.20 m
X 2mm 1D packing matenal Carbopack C mocuﬁed with 0.49% TeNF; temperature, 50°; eluted .

. compound n—pemane

wath 022 / 'I‘eNF. Satlsfactory separatxons of the C, and Cs hydrocarbons were
j obtamed with an analysis time not greater than 35 min.

Hydrogen was used as the carrier gas in place of the more commoniy used

: mtrog°n “The reason for this choice is made clear from two Van Deemter curves ob-
_tained by using both hydrogen and nitrogen on TeNF-modified Carpoback C (Fig.
- 6). As can be seen, the value of H,, is scarcely affected by the nature of the carrier
- gas. On the other hand, by using hydrogen, the maximum column efficiency is ob-
tamed -at far higher linear carrier gas velocities than with nitrogen. In addition, the

; t—hand branch of the Van Deemter curve is smoothed when hydrogen is used.

, From a theoretical ‘point of view, this effect can be accounted for qualitatively by con-
- -sidering that at high linear carrier gas velocities # depends ‘mainly upon two terms,
that is C; ‘and C,. The first term. repreaents diffusion in the gas phase and is propor-
‘tional to the ratio d2,/D,, where d, is the mean particle diameter of the packing ma-

~ terial and. ‘D, is the molecular dlﬁ‘uszon ‘coefiicient for the gas phase. The second term
‘is related fo the time necessary to establish equilibrium between the gas and adsorbed
phases On an homogeneous adsorbmg surface, which is the case for Carbopack C,
~the time to reach equilibrium. is ‘very. low, so C; is-negligible compared with (&% It
vlifollews, therefore, that at high linear carrier gas velocities the plate height can be
_‘minimized by usinga small pamcle diameterand 2 Iow-vxscoszty gas, suchas hydrogen.

" From apractical point of view, when the analyszs time is a critical factor, the use of
‘hydrogen has the advantage over mtrogen that an equal peaxc resolutxon can beat-
_"ftamed by reducing the elution time. . -

: "As far as the thermal stabilify of the column ‘material under mv&-ncauo-l is

, concemed it has been found that columns can be operated up to about 210°. Such a
v packmg matenal has been used at. 200° for severai weeks without observing any alter-
;atxon..Howaver When workmg at lugh temperatures colnmns must be operated by



I T. Beila.r J. E ngsby C. Al Clemons and A. P Altshuller Alza!. Clrem., 34 (1962) 163.7 -
2 F.H. Huytcn, G. W. A Rijnders and-W. V. Bee.rsun, in M van Swaay (Ednto:a, Gas C!zromato-
graphy 1962, But‘emorths ‘Londen, 1963, p. 335.: IR S ) R IR
- 3 C:/G. Scott, J. Inst. Petrol., 45(1959) 115. .~ = . :
. 4. T: A Bellar and.¥. E. Sigsby, .Environ, Sci. Tecnrwi., I (1967) 309, ) o .
S5'E. Jeung and H L Helw:g, Symposium on Air PoI[uzmrz, 14'4!& Natztmal Meermg', Amerzcan E
-Chemical Society, Los Angeles, Catif.," -April 1963. S T I

6 C. 1. Kuley, Anai. Cl-em 35.(1963) 14727 - ' .
7 J.N. Little, W. A, Dark, P. W. Farlinger and K. X Bombaugh, J Chromtogr. Sc:., 8 (1970) 647. .
‘8 C. L. Stuckey, J. Chromatogr. Sei., 7. (1969) 177. i g R o
" 9. H: W. Diirbeck, Z.' Anaf. Chenr., 251 (1970) 108. : '
10 D. M. Ottenstem, D. A. Bartley- a.nd W. R. Supina, Anal. Cizem., 46 (1974) 2225. I
. 11:A. Di Corcia and R. Samperi, J. Chromatogr., 107 (1975 99. -~ . - oo P
12:-A- Di Corcta and R. Samperi, Atxa." Crem., 47 (1975) 1853. )

T13 A. Di Corcia and R. Samperi,-J.- Chromatogr., 117 (1976) 199. _
14 A. Di Ccrcla R. Samperi and G. Capponi, J. Clzramatoar., in press:
- 15 A. Di Corcza, -Anal, Chem., 45 (1973) 492.

1€ ‘A. Di Corcia, A. Liberti and R. Samperi, Aral. Ckem., 45 (1973) 1228-,

17 A. Di Corxia and A. Liberti, Advan. Chromatogr., in press. }



