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al3ie). SASS AMEate] ArchA S A7kl Ui 241 the} 7o) & glgith RRT=0.121bp+14.
39dp-8.94dp’+0.0741sqmw-35.78 (N=8, R?=0.989, Variance=0.175, F=66.21). AAt)# £z A7+ H=4, ¥4}
who| AFE W PAATALAES] J5oln] Bl 7 defe] Fh Ank. $A A A BA4S
Al ez} 0.805DA A §-2] A 7o) ZH 7;1314. BAREER7E HAdS A o] 2 2HE &9l
=7} Ak}, 8 A E(training set)o| A SAS T2 1S B3 - o &9 ArRA 2] A F(RD)S 0.9890]
o $AHE 0.1750]5h. Y AEesting setell 4] 309) ehatgol Bate] o 2A)S o) A i g4
Zb3 #35H gk Abol9] Ak 0432 o]t

ABSTRACT. The molecular structure of sulfur compounds and the retention relationship are studied by gas
chromatography. Analyzed sulfur compounds are, hydrogen sulfide, sulfur dioxide, carbon disulfide, ethyl
mercaptan, dimethyl sulfide, iso-propyl mercaptan, normal propyl mercaptan, ethyl methyl sulfide, tert-butyl
mercaptan, tetrahydrothiophene, thiophene, and 2-chlorothiophene. Multiple linear regression explains the
retention relationship of molecular descriptors. In GC the temperature program is 30 °C held for 10.5 min, and
then increased to 150°C at a rate 15°C/min. Predicted equation for relative retention time (RRT) using SAS
program is as follows; RRT=0.121bp+14.39dp-8.94dp*+0.074 1sqmw-35.78 (N=8, R’=0.989, Variance=0.175, F=
66.21). RRTs are function of boiling point, the square root of molecular weight, molecular dipole moment, and
boiling point effects mostly on RRT. The RRT is maximized at the molecular dipole moment of 0.805D, when
using nonpolar columns. The planar and highly symmetric compounds are eluted slowly. The square. of
correlation coefficient (R?) using SAS program, is 0.989, and the variance is 0.175 in training sets. For three
sulfur compounds, the variance between observed RRTs and predicted RRTs is 0.432 in testing sets.
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Table 1. Physical meaning for descriptors

Descriptors Physical meaning
sqmw square root of molecular weight
bp boiling point
dp2 square of molecular dipole moment
dp molecular dipole moment

Table 2. Correlation matrix for MLR

sqmw boiling  molecular dipole
4 point (bp) moment (dp)
sqmw 1.000
boiling point(bp) 0.283  1.000
moelcular dipole 0.127  0.546 1.000
moment(dp)
2o IATEE ARG AR (0)

MOPAC(MNDO)E 2 18082 23} o1z & H4
stste] 7} ¥2F Fxo Aol 2 A¢ &

Table 3. RTs, RRTs and Descriptors for training set

sol 2 AIALAE S} A labE Al
15742 #sighEe] ArdA {2l A7E 1Al =2t
EaaE 3 @ em(Table 3, Table 533) 21
Zoll x4 AZrtE %S Fig. 1o Jehlisich
d o3 91 2} (descriptors)5~2 MOPAC Z 2 18-8 AlS-
3to] T3 AsitEwe Yyl Fx
shaich.

F1Ae] ST $44e) P4 (D=8RT/3M)
o vlelshe ool ¥Akgo] 2 2AUST 24
339 ez 4R PIHLD FARE H3A
AL v 3 e B EAE A vles)
gj2} A=Ak, A v 9l (descriptor)] {IAHEA] o]
sk PHLES Al AT Bl
o] AaAg= 02832 3] A¥AH o2 S53A0
o1 $2)9) FARAHNAE Al A Fsamw),
FEACP), #4 AFALAE@)E HFIAZ A
L3} cH(Table 2 =).

Compound RT(/min)* n RRT bp("K) sqmw dp dp2
H.S 1.676+0.0216 5 1.000 213 5.83 1.10 1.21
SO, 1.800+0.0361 3 1.073 263 8.004 1.60 2.56
EM 4.415+0.035 11 2.634 308 7.874 1.60 2.54
CS, 5.738+0.0567 4 3424 320 8.718 0.00 0.00
IPM 6.517+0.0725 4 3.888 325 8.718 1.57 247
TBM 8.823+0.0699 8 5.264 336 9.847 1.66 2.76
EMS 10.376+0.0768 6 6.191 339 8.718 1.56 243
CTE 17.0701+0.0121 3 10.185 401 10.89 1.80 3.24
THT 17.635+0.0119 4 10.522 394 9.381 1.75 3.06
THE 22.59+0.0768 3 13.47 358 9.173 0.55 0.30

*: Confidence limits for 99% probability, #: Number of measurements.
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Fig. 1. Retention time (RT) of 10 sulfur compounds.
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H,S, EM, CS,, IPM, TBM, EMS, THT, 2-chroro-
thiophene, thiophene 52] 7| Az 2 vl E 1256 2]
T A Az sl AR e g AdA 4
2| A)ZHRRT)ol| 3t o 221 t}-3-3) 2r}(Table 4,
Fig. 22+x).

RRT=0.121bp+14.39dp-8.94dp’+0.0741sqmw-35.78
(N=8, R’=0.989, v=0.175, F=66.21) (1)

o548 AS e ARASY) BERA] o5l
T 5 oJoh PAHO) Thee] Ao Pkl

N
v=1/NY E? 0))

E=2)| 2] (RRTi)-= % (RRTi)

o714 RRTy= #§H& o] A S| A 7ke|ch
N& EMUA 239 o)), 8709] 33ghEd| o
st Qe FARS dewl 0175019, SO,
DMS, NPM, DES, DMSO 9] 57) 3}s5}8-29] of 2
2] RRTw= ZH7+e] g3igtEe] d9yaelzals (1)Alel
W slsted Aol (Table 5317). o] Azbel] Wz A

Table 4. Statistical parameters in multiple linear regression
of RRTs for five sulfur compounds in training set

Statistical Values of statistical

Partial R”
parameters parameters
Intercept —35.78(+2.92) :
bp 0.120(+0.0118) 0.663
sqmw 0.0741(%0.456) 0.316
dp 14.389(£2.082) 0.0021
dp’ - 8.937(+1.134) 6.4x10°°
F 66.2 :
R? 0.989
Rugi 0.974
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Fig. 2. Training set pf RRT for 8 sulfur compounds emp-
ty squares are calulated values by MLR in SAS program.

2A7F EAs= DMSO} S09] 79 o4&
o} BEFA] Afolofl & o] E Hel Fa1 glon) Ahg-
717} -SH, -8-al Aol Atel7} Ao}, 1 BARE
0.4320]t}. & A}l Ab47} Q13 B85HE A}
ol tated= A7} 470l & A|2wle] QSRR
A& e O Ho|tK(Table 3, Fig. 33%).

Oaks 5 HALEIHHE7|(ECD)9} Fada4E
7|(HFD)Z oi¥] #3358 A8 v} 9o}, 2 7
Solle BAEHE 28 2xx7le] 140°CE YA
A fAIE Ao 48 S AM-sE A
242 10% Carbowax 20M on Chromosobw(60/80
mesh)d)). ©]542] 48 50 m/minZ 3}%-& o,
40 BUG AR Ardog e vde
AH4-3to] QSRRE #4343 R'=1.0022 AN
7h S F2 AAE v Fovh & A7zl AY
o] EAEA 93 RRTES R7} 0.9890]w]
AR Qs wiAle] #slgkEel dig i &E e
RRT= AR ol gk FAlghe] 0.43224] v] 23]
#to} k38 QSRRY-S & 4= g)r}. ub ol Oaks 5
o] Aspe g% skt Eol gt R sedgeldd
o F A w9 Ade e 4 R,
B3l o]4kstsl, widv 23lvte] RRT7F 5
sto] EAA5o] kgatA] dES & 4 sl a9

Table 5. RTs, RRTs and Descriptors for testing set sulfur compounds

RRT RRT b

sk # P 2

Compound RT(min) n (Observed) (Predicted) (°K) sqmw dp dp
SO, 1.80040.012 3 1.073 -3.29 263 8.004 1.60 2.56
DMS 4.9521+0.0369 9 2.955 3.06 309 7.874 1.566 2.452
NPM 9.873+0.0680 8 5.891 5.56 341 8.718 1.499 2.247
DES 14.841+0.250 4 8.855 9.94 365 9.487 1.506 2.268
DMSO 17.40+0.0116 3 10.35 -76.5 462 8.84 4.20 17.64

*: Confidence limits for 99% probability, #: Number of measurements

1998, Vol. 42, No. 6
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Fig. 3. Testing set RRT for 3 sulfur compounds empty
squares are calulated values by equation (1).

v} 827} 2143 A (100% dimetylpolysilioxane)%
Bz A= RPE o7} 2z ut §3t A 2
AR HEAHE 7K 335 dEld e 2ol
ol "ol dg B ot

Table 49] W48 (Ao 8 & 4 9l7, 42
A7bell AFE FE 24 BEA, FARE, BT
A EL] fxjolct. (1)l 2k} A7tA| dslat
B EAlel AwelxlE: disdstd AAg AdE
Table 59} Fig. 30) A1%it}. DMS. NPM, DESe]| 3t
| &2 A Ao} 2AE e BT ik

REFO HER  Table 40 231 Aol A&
B3 RP%| 0663024, Fi=go) o] A £ ¥+
gl 7} & oJsko] 9J&-2- Ro Fr} o] o)l A}
o] gAlol 4| A7k Bl uet dubdo g F
7Vths o] &oll Ut #3lghEe] FeldA®
vehda gloh #A e Aduda Aee 01212
#EHd ue L FRREE R Fuy
EMS9] #EA--2 66°C, NPM-& 68°C o] x|ut &
A= 7Zbzh 103763, 9873802 ety gloh
ol2qt A= FH= ol olsAl &3t AN
9] EAlatole = vhE AFFAbg-o] 9185 gt

ExiE U ERASKIEHES FE o)E4l
Surbadl o) o] 54k 44 UHSER £

=} %’—7%1": AL FF A3 22273 4] 7]
Aol it Balgke] Aol ] vl s
= °J°l£i duby o @ A 454 7o 2 iy
v} Table 3, 4, 561 &3} R*=0.3160.2 ¢ 8Fo] zko.
o] 7k Bajekel CS,9 £e] A7 5750, NPM
2 98F-IRA 4180l & Apo)E HolErh 7
33HE0) Aol AH A EARR] CS8] =72k
pulEE go]w] NPMe| #IalewlEl= 164124
Z o) & /A gl o m g B &5t el

Table 6. RRTs and Descriptors for sulfur compounds in
literature

Compound ( Ot:: Sr’ze dy ("b]E) sqmw  dp dp2
SO, 1.00 263 8.004 160 256
MM 1.00 279 6928 152 231

"EM 7.874 308 7.847 1.60 254
DMS 3.886 309 7.874 155 242
DES 8.794 365 9487 154 237

Table 7. Statistical parameters in multiple linear regression
of RRTs for five sulfur compounds in training set

Statistical Values of statistical ) 2
Partial R
parameters parameters
Intercept —3473 :
bp 0.0464 0.8922
sqmw 0.1155 0.8285
dp 443.96 0.06935
dp’ ~142.25 0.07098
R’ 1.00 :

AFAENER 23 A& 2olol| 2 &2
27} dofdr}.

BAg o A43F HP-1 Z2Ho w44 100%
9] v]olgZe]Ale]2-Adimethyl polysilioxane) S 2
FAdolch. o] A3HES SAo] AR A
olv} g XA Exhe] Fol g AlEel
o8 2o R FAE v AFA RN ETL E4
g}, B AaAnwlEs) gfom Bap SAE 2
obx mAA} A3 wbtE ) ZRadte g B &
Z¥v] 1.40DHCT} 2 EANA AIAuwE =7}
Al w0 2 A $-FEe date] sith o]d 2
HE BEdE F dA4S 54 5 Qe &3S

T A3 (1) o] AFARAES) st 24}
Aog =Y, EAIREAES} 0.805DeA|A

S2557) Aow of he B Frhshe A%
£ o] $5555} 7h4ge).

SRFEC| g -SHAE/E HAw Qe
2RRe dwbdos SAgv1Y AsgRstE
B} AR o2 gel&yyt 2he A3k holFg
ek L olfe EAF F-2] i A o] F3hEo] vl
2aFR £7] dEelct Sloto] el #jsial o
AAe] T2 EAAFE wAgke] D3 Slot
of efiats Sl7b Wobd AL RS0l 34 &
E¥= o Aok &AL A 2 fARE
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4 E
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7ro] AbaASR] AlFo] 098924 =L AMEE
Ho] Fa1 glen 37le] galgEel gt Aats gk
I BEE Gt Alofollw Aol 123%0| Mo R FF
g s AAAE 7RIk S AR FHaAel o'
dgfo] 7 Iu](FEAIRAS2] AlF=0.663) B2}
AFAEAE 0.805DNA HL SE|EEE BAE
th ST E VA= ALY 3EE e 7Y
Zoll 7}7h-E- TBME e 455 = A3hE BT
At

o] A (FHACF) 19973 A& 7] &7}t
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