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A SELECTETrE METXOD FOR ELEMENTAL SULFUR ANALYSIS BY HIGH- 
SPEED LKQUID CHROMATOGRAPHY* 

SUMMARY 

EI~M~F&x~ sulfur exhibits a pronounced reversed-phase ef?ect on styrene- 
divinylbenzene packings and this sefeetive interzction CBR be used for the analysis of 
elemental s&fur by high-speed liquid ChroM2tO,59phy. Absorption at 254 nm offers 
sensitive detection (f-i0 ng) and calibration curves are linear up to 10-20 pg. Ex- 
am?Ies are given for the analysis of sulfur in oif and in aqueous media. 

Some of the paramerers (packing pressure, column dizmeter and pore size) 
have been examined for this srilaI1 (I 5-Z-7 ‘am), spherical packing and 8 recommended 
pzzcki~~g procedure is given. 

The analysis of elementaf s&fur is of interest in many area and numerous 
methods have been nported1-3. Most of the avzikble methods suffer from poor setec- 
tivity and/or sensitivity. StrubP has described a gas-liquid chromatographic (GLC) 
method for elemental sulfur, but accurate GLC ~zafysis of sulfur compounds is difl% 
cult and elemental sulfur vaporer contains a number of di5erent specie9. The results 
of an earfier investigation of molecular-sieve chromatography for the anslysis of 

organics in process waters from GS * heavy-water production plants showed there wss 
a selective interaction between elemeotal sulfur arrd &e cotuinn packing, Forage!. 
Since sulfur has an absorption maximum at 260 ~IIZ (E = 7200 in cb_loroforlm and te- 
trahydrofuran (THF)), UV detection offers good sensitivity ((10 ng)_ This paper 
describes a new, sensitive and selective method for efementaal sulfur analysis based on 
this selective interaction with divinylbenzene-pofystfrene packings. 

* Presented in part at the 1975 Pittsbw& Conkenoz on AnaIyticzE Chemistry and Xppiied 
Spectroscopy. 

l * Girdler-suMde, dud temperature, water-hydrogen s&fide exchange process. 



Where possible all solvents were spectra-q&i@. THF wlas distilled over molten 

pctassium and uSed wit&in seven horrrs. Flowers of sulfur (GSP grade), heated to 
130” for several hours, were used as a standard. The mo!ec&r-sieve standards were 
C,- to Cd0 n-hydrocarbons (Chromato_~phic Specialties, &o&We, Ontario, Canada) 
arid polystyrene and polypropylene standards (Waters Assoc., MiEford, Mass., 
U.S__4.). The coTrr_mn packings were styr2ne-criviny~benzene copoIymerS (trade-name 
Pomgel, WaEers Assoc.) with controlled pore size distributions (60, EMI5 2cx1 ad 500 
a:t. The particle-size ra.nge of the pxking was 1%3T /*m. 

The iiquid chromato~ephs were custom-ix& from commercial components. 
Three digerent pumging sy-stems were csed: 
Assoc.), screw-driven syringe (Model 3 i A 

reciprocatinp piston (_M6000, WEters 
-c. 1x0, E&coin, Nebr., U.S.A.) and airYdriven 

ccastant-pressure syrirrge (Model PIN 26890-4, KaskeI Efiginecr;ing, Brrrbank, Calif., 
U.S.A.). Sampies, dissolved IR The mobile ph ae, were introduced onto the coIumn by 
eirher on-colstmn stopped-Bow injection or by syringe injection into a modified srmpfe 
109~ which is shown in Fig. I_ itVer2ge Sample loss was I .5 ~1 for valve A and (0.3 ,~.t! 
for vaive B. The reproducibility (relahe standard deviation of pezk &eight) for SZDI- 
pl,2 ix2jecction with valve A wa 4% for 40-@ samples 2nd I T/, for sampie volumes 

> 103& For va!ve B, sampling repro&CL&y was 2. % for 5pf samples and 0.4% 
or better for s2mpIe volumes >25@. 

The columns were const~ticted from 6.35mm-0-f). 304 or 316 StainEess-steel 
tubing. Two internal d&meters, 4.5 2nd 3.2 mm, were used. The tubing w2s washed 
with detergent, water, nitric acid, phosphoric acid, water, acetone, chloroform 2nd 

methr-no1 in this order. Ai! other tubing and fittings were 316 s:timfess steel. Column 
terminators were OS- or O.?-;rm stainless-steel frits. Eluted samples were detected 
n.31 one or more of the following detectors: Model 250 LTV detector (Perkin-Elmer, 
NOFw2lfc, Conic., U.S.A.), Model 43.390I-00 UV detector (Vtian, PA0 Alto, C2Iif., 
U.S.A.). refractive index detector (Vatian). 

Fines (-=c 15 ,um> were removed by sedimentation (CG. five times) in methanol 
ar?d the Poragel dried under vacuum for 12 h. The dry packing was then placed in ;t 
W-ml fiask (15 mf dry Porage,PI for a 4.8-mm-I.D. column or 7 mf foor a 2%mm-I.D. 
columc) arrd mede up to vo!rrme with the mobile pirae. A clean I-m cutrrmn was 
connecied to a 50-ml reservoir and the coflrmn was fifled with mobile phase. The 
Porageel s1xx-y wzs placed mxder 2 psrti& v2cuum to remove trapped air in the par- 
ticies, mixed virogously for 5 tin and then placed in the reselroir. The reservoir was 
Wed with mobile phase aizd then the Sian v*‘as forced into the c01m11n 2t 5 mljmin 
for 4.8-mm-LIB. columns and at 2 ml/m& for 23mm4.D. columns. When 150 ml of 
rtle mobile phze Iizd pzxed tirorrgh Ihe column. the co!nmrr wiis disconnected and 
t3e top of the column was se2Ied wirh a cofnmn terminator to prevent the packed bed 
from stinking due to evaporation of the mobf!e phase. 
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Fi= 0. 2. Mod&Ted s.znpIe loops. Fill positiorz A and B refer to s. Disc (Smtz Am, C&if_, U.S.A.) 
Model 706 v2he and a Vztco (Houjton, Tess, U.S.A.) Model CU-f5-UHPz-C-20 valve. resw- 
tive!y. 

Values of height equivalents to a theoretical piare (HETP) were tieasured 
with nitrobenzeoe and/or element& surfur as test solutes. The retention time (r,> 
corresponding to the total permeation limit was taken as fo, the retention time for an 

unretained component. 

Both the small sizeand sticky nature of Forageefefiti~tes conventiional dry- 

pscking techniques. Although bafanced-density methods are preferred for packing 

smarlparticIes,ttrechof~ofbalanced-densltysolvenrsis limited.Since smaffchanges 

in soEvent composition, which welt or shrink the packing, CZUI reduce cutumn eR- 
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ciezcyT, Pora& must be pzcked as a slurry in the no5iIe Fhzse to be used for anahysis. 
ConsrquentIy GO &tempt was rrizde to achieve ba’tanced-dezxity coaditions. 

For at.1 Porzgel packings studied, packing pressures above O.S9 MN,!m’ 
{!CSO p.s.i.) decreased coEumn efiiciency by >,lO% reI&ive to thar observed beIow 
3.45 MN/m”. The decrease in colr?n;n 5Rciency is gre&zst for hi& packing pressures 
(8WxO% at 45.2 Ml?/m’)_ Fig. 2 shows the peak sbzpe observed for two difkect 
packing pressures. For columns ~2cked 2t hi& pressures the peaks were very broad 
and unsymmetricazt at the peak front but the pe2k mtil wac Sr~2rp and $aussian. 

In an attempt to produce dense a1rd homogeneous cofnmn be__ z number of cofumns 

were parked in a pu-tiaIIy shrmken state and then corzditio~td with the mobile phase. 
The resu!ts paralfeied those fomd for chmges in packing pressure, that is, the sezter 
the swel!ing of the support the broader the observed peak front. Attempts to con- 
solidate the column bed by solvent cyclirrg with solvents of diffireot sweIIing factors 
gz.z o~!y sIight improvemems. For zf! coiumns exhibiting badly skewed paks, the 
column bed noticeably compressed since cohzmn packing W;LS extrude~d when 
end Gttings were removed. Cohmn pemeabiIities also decreased as the packing pres- 
srxe increased. The above results suggest that the compressed packing restricts Aow 
is the column interior to such aa extent- rh-’ CL 2 sigz%cant fraction of the fiow occurs 
at the column ~2% where the average linear velocity is greater. This ch2meEfing will 
broaden peak fronts but have littie effect 011 the peak raiL It has been show~+~ rhat 
the mobile-phase velocirf does vary across tie colunn. To elk&ate this proMem of 
asymmetrical pe2ks all colrrrnns were packed 2~ pressures no greater than 3.45 MN/m’ 
(SO0 p.s.i.) 2nd the pressure diffeerentia! ECTOSS soy one 1-m cohmm was nob srl!owed 
to exceed 2.05 MN/m2 (303 p.s.i.). 

Fig. 3 shows the e&a of pore size OR p&e height. The curves for s&fur foffow 
2 simile pattern wit& values of iiETP being 300/, larger. As the tR vzlue for sulfur 
decreases tbls dIEerence also dtcFe2SeS. These data show that analysis time c2n be de- 
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Fig. 3. V&&ion ofcolu~~~ effkiency with pore size and cohurm diameter. Mobife phase is 30% (v/v) 
methvlol in chloroform and test solute is nitrobenzene (k’ = 0.30). 

creased if Iarger pore sizes and Iarge internal diameters are used. The larger difference 
between the curves for P-60 and P-100 is due in part to 2 larger average size of pa-tides 
for Ehe P-60 packing. The difference between 2.2-mm- and 4.5~mm-I.D. columns is 
Iikety a reflection of the increased importance of wall elects for smailer-diameter 
colrrmns. 

Caiibrarian and cfefechm E&flits 

Sulfur is known to exist in many allotropes and this is of concern both for 
calibration and analysis. This problem has been discussed efsewhereS. For calibration, 
flowers of sulfrrr were heated at 100” for several hours to ensure compfete conversion 
of any amorphous sulfur into the solnbfe c_rystalfine form. Calibration cmwes were 
found to be linear from a few ng to several ,ug and the relative standard deviation 
was excellent (< I %) for standard samples. FI,. *s 4 shows the detection of I1 ng of 
elemental sulfrrr. Detection limits can be lowered if the packing pore size is increased 

and if the capacity factor, k’ = (f, - r&%,, is redwed. 

Fig. 4. Detet”rion of Ii ng of elementi sulfur. Experimerrial conditions: coIumn. %I0 x 2.2 mm I.D. 
P-100: mobiIe phase, 33% (v/v) methanoi in chioroform; ffow-rate, 0.5 mlimin: sample, 5 ~l[ with 
2.2 ng Sf‘uI. 



To date no coinpound hzs been observed to h2ve the s2me retention cha.ETc- 
teristics 09 Porzge! as does element21 sutfur. Part of the ~e2son for this se!ectivity is 

t’h2t FOE& is designed to be used for mofecukr-sieve chromatography. Under the 

prcper eqeriment21 conditions very few cl2sses of compounds show any appreciable 

interaction with Potage1 and &he bulk of the organics in the sampfe 2re efuted between 
the exclus;on limi+ - L L 4x3 the tot& permerrtlon limit (TX,),). Since element2I sul-fur is 

present as 2 relatively smzll makcule (S,) and interacts with the packing, it is eluted 

after the TPL 2nd thus sepa-mted from the resE of the sample. 
T2b:e I shows c2o2city f2ctors observed for sul,Fur 2nd some other s&k- i 

cont2fning compounds. The only potential lnterfereot is hydrogen su*Eide but sepa- 
r&ion wzs achieved ~EI 3O0/O (v/v) meth2x1ol in &arofarm. Nane of the other sulfur- 
containing compounds interfersd in any of the solvent systems studied. 

The above method ~2s developed primarily for the analysis of elemen’kzf sulkr 

in process w2ters from he2vy-water plants. The chemic& conditions io these p!ants 
afe very re2ctive (viater saturated with hydrogeir sulfide 2t 19Xi l&l/m' (230 p-s-i-) 

ad 1%" ) am3 a Iarge cumbor ofimpxities sre presenr (thiok, disulfidesr zicaf;als, 

oil, 2dditives azld nat~1-21 products in the feed water). Consequently sdectivi@ was 

important. Sampfes were caikcted in clezo stzinkss-steel sampIe bombs 2nd extracted 
with chloroform af=r the bufk hydrogen sulfide ~2s removed with_nitrageen. The 
hydrogen subTide peak terids to t&f 2nd fsrge cazcemratiocs of hydrogen srrlfide 

interfere. Recoveries (-&3”/,‘a and reproducibilities (<I;? at the 50 ppn level 
for sttoderd sempfes con’&ning knowz m2jor contamioants are considered exceSlenr 
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(lb sol~~bili~ of suiFtlr in water at pM 6-7 was found to be =50 ppb so most of the 
sulfur is in suspension or dissohd in the 4 present) Results for actuaf sampIes have 
Seen satisfzxtory -with sample homogeeaeity being the main problem. Fig. 5 shows 2 
represenkxive chronztogam fcx a process-water sample. 

Analysis of elememzl sulfur in petroleum products is of considerable general 



XPLC OF ELEMENTAL SULFUR 79 

interest. 1rx heavy-water plants the small quantities of buIk oif present can dissofve 
and transport suWir through the plant. Fi g. 6 shows the separation of sulfur in oil 
found in process water. Since this method also gives the mofecufar-size distribution 
in the sampie, it can be used to follow changes in the bulk composition of the sample. 
This chromatogam (Fig. 6) is characteristic of the oil found at a czrtain tocation in 
the @ant and corresponds to fractionated pump-seal 02. Fig. 7 further illustrates the 
potential of this method for the ana.Iysis of sutfur in petrofeum products_ 

Carbon filters are used widely for the pre-concentratioo of organ& in water 
for subsequent analysis. Fig. 8 shows a representative chromatogram for an extract 
from a carbon filter. The peak corresponding to sulfur was isolated and identified as 
elemental sulfur. This ctiomatosanr (Fi g. 8) illustrates tire exceflent selectivity of this 
method. _4ftkou& this sampie, and many others Eke ZE, co&tin large concentrations 
of natural products, no interferences were observed. 

The exampIes given in this paper illustrate the favourable selectivity of this 
method for eIement& suIfur analysis. UV detection offers good sensitivity and the tech- 
nique caTc be easily adapted to a wide variety of samples without prior separation. 
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