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Determination of Arylmethyl Halides by Gas Chromatograph

Dos Suk Oh, Ho Chun Chei

Institute of Industrial Health, Korean Industrial Health Association

Arylmethyl halides(benzyl chloride, BZYC; benzal chloride, BZYA; benzotrichloride,
BZTC) and related compounds(benzyl alcohol, BZYA; benzoyl chloride, BZOC) were
determined by GC using capillary column. Detailed results are as follows.

1. Stability
In methanol benzotrichloride slowly transferred to benzoyl chloride by hydrolysis(ca.
75% for 5 days), but the others were stable. Therefore, benzotrichloride solution
should be prepared just before analysis.
2. GC analysis
Tenax-GC was used to absorbent and desorption solvents were CCl. and MeOH.
Arylmethyl halides were analyzed within 7.5min without interference with related
compounds. The calibration curve(ca. 15-80 ppm in soln), repeatability(n=10) and the
desorption efficiency were good. Limit of detection by NIOSH method was about
0.003 ppm for arylmethyl halide, respectively.

To analyze arylmethyl halides and related compounds in working places GC using

capillary column is anticipated to be used effectively.
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(BZTC) % benzyl chloride(BZYC)& ti4&3
2 A3 o, o] BIES 4 9%L &
% & BAEA benzyl alcohol(BZYC), ben-
zoyl chloride (BZOC) ¥ arylmethyl halide$] be-
nzal chioride(BZAC)E A+ i4ol X3id A
Esd.

arylmethyl halides& A 238 A 712 yYyz
7 388 W BHzAE A gzANE
+ free-radical halogenation ¥-§-ojt}. 4§ ¢ &
FEERYH AHAY W2 ASNN Sl
©}3] benzyl alcohol, benzaldehyde, benzoyl chlor-
ide ¥ benzoic acid® MRY F A} o] €HE
€ 7o, ¥8, A4EF ¥ #1844 59 45K
g 218 Azsed 449,

arylmethyl halides @ #% %3 (benzoyl chlori-
de) & fr3iA 2 SN B o] EWEL AL 83
€ AdFeMe A - gHHos EuHx g

g AYE F8 a9 ojE EFES IEH
2, €459, ¥4 9 S4H(CINFO disc, 1989;
CHEM Data,/,PRODUCT CHEMIQUES, 1989;
European Patent Application, 1981; Chu %,
1984)2 ® 19 HAZ YRR Ay 4
B4EY A1z R0 e BZTCe ¥ 1
AN B uie} o) 471X §AF 540 3
Zg BAE o] EA= Jd YW 9 A
(Yosimura ¥, 1986)8& ZA}8t94th. benzotrichlo-
ride(BZTC)¥ #Z benzoyl chloride(BZOC)&
AMzde YA YPEt dEAME 1954~
73d Ateld] BZOCE A xshe 39 AY=i(
207, S 6~174)21H 389 Y 13
o g YsFol HAEUY. E¥ WEFZ BZT-
C % benzoyl peroxideo] AZEZ9 2t A<}
407, 247135, 17d)NAN 289 o] @
AR Basgd. dAAR Y 6317} 3

Table 1. Health harzard data of benzyl chloride, benzal chloride, benzotrichloride and benzoyl chloride

compd = benzyl benzal benzotri benzoyl
item chloride »  chloride chlonde chloride
primary routes inhalation, inhalation
of entry ingestion, eye - - ingestion, skin
contact, skin contact, eye
contact contact
target organs respiratory - - respiratory
system, eye system lungs,
skin eyes, skin,
central nervous
investigation tumorigen, tumorigen, tumorigen, tumorigen,
mutagen, mutagen mutagen, primary mutagen
reproductive irritant
effector
carcinogenicity anticipated IARC-2B IARC-2B not considered
to be carci MAK-2B MAK-2B, NTP-2 to be a carcinogen by
nogen:IARC- NTP,JARC, OSHA
2B, MAK-B
CFR classifi corresive poison B corresive corresive
cation material(101) material material
poison(102)
toxicity by rodent-tat rodent-rat rodent-rat rodent-rat
inhalation, 150ppm/2H 61ppm/2H 19ppm /' 2H 1870ppm,”2H
LDso

IARD:international agency for research on cancer
MAK ‘federal republic of germanv maximum concentartion values in the workplace

NTP :national toxicology program
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gHoz G BZOCY A=FANAM A
Fe] 4 F9UL BZTCS BZOCY &
g% 3oz FAHY, BZTCx BZOC A9
Fa¢ A2 29 737 g9 BZTCS
BZOCH ¥gAd€ ul2ste BZTC #FU&=z9
"ol #FY, AHYRF(AEF), ARLF S
ol Holg wA&°l ¥l 2#A BZOCx &
2 ¥ Axvd JYgsrde &4 @9E 5
9 IR 98 JlEHE g ER4EY
"oz Azted. @98, BZTCE 39 ¢8|
=8 7t¢EsH8 T BZOCE A#/35H9 benzoic a-
cidg ¥t old Roew RE MTUae I
dEg AEye Y7 dRFFo o By
A AL BZTC7 adi F3Ho|, 43¢4dx %
gzoz Ao =¢ ol AP AME B-
ZOCol vistd BZTC7 7% €4del e A
o2 AArE AT

ditF oz Fr)Fovt #FA4 F7134E3
< X3sede 24 F34Y charcoal, silicag-
el, polyurethane ¥ porous polmer%(Brown%,
1979; Dietrich®, 1978; NIOSH, 1977)e] AM§5
3 itk &3] #7159 arylmethyl halides ¥ &
HEZEL porous polymere] ¥FA Tenax-GC
(2.6—diphenyl-p-phenylene oxides] F %)
{Matsushita®, 1979; #H &%, 1980; Yoshimura
5, 1986)& o188 EHFE For} fujol] oy
2% 24 $45HAG. o] EHEE ¥4 3
cdle F& FID ¥ TCD #&71%} packed colu-
mng A& GCHHH (Solomon®, 1973; Ramkirs-
hnan®, 1975/FNBURNE » 1 V7' 2, 1980)
€ AH889 Y. 28 Y packed columng AR83h
of SLEMA EAAzlo} o 080z AW, B
g5E FAYe ¢xzadddye AHE3
o} welA B QT ME packed columth 4l cap-
illary column& ©|-83< #elso 3, 44
e g2 9 AxE 23 ANE F ARE B4
HE Mg FYPFY BAHY FPA 2R
Z2E F& AYA A3 A4 e 2
g dev aAHoz g4sux §}

HIx 4 #H

1. 247171 % =N

& dAFde 7t23zuga8dx(GC)E AHE
Y. GCE VaranAt MEoZ Ao ALE
Column& Yyt o2 »olE Methyl siliconed
Liguid phase2 ¥ DB-1(%5¥74 0.25pm, ZolX
77 30mX0.32mm ID.)& AM43tgien, £ A
ol M ALEE GCe BE¥MzHL iy 2
o}

Temperature Column 100°C isothermal
Detector 200C
Injector 200

Flow Rate Nz Detector 28. 5ml/min

Column 1. 5ml/min
make-up 30ml/min

Air 300ml/min
He 60ml/min
Injection Volume 1 u1{split ratio 1,720)
Attennuation 1
Chart speed 0. 25cm/min
Detector FID
2. Ao R AlY

£ dgol AH8-E arylmethyl halidest benzyl
chloride{ Junsei Chemicals; Extra-pure), benzal c-
hloride( WAKO Pure chemical Industry, LTD; 1-
eagent), benzotrichloride(Aldrich Chem.-Co. Inc;
Gold lable)®, #d8E3A2E benzyl alcohol(Jun-
sei Chem; Guranted Reagent)$} benzyl chloride
(Junsei Chem; Extra-pure)& S8 3 A ulglo] Al
£33t ¥, Stock solution® 57FA] Alek&
Z}z} 1ml® # 3t w2 % 50ml®] CCldor MeO-
H)ol €%+ 100ml flasksl ¥ CCl{or MeO-
H)Z FATF 4C JF o a3 A43
Ak, EENY A= MY o Sml viald]
CCl{or MeOH)E % 2mlE 715t A ohij
E ¥ 7 vialol u-syringe& ©] 834 stock sol-
utiong 2+t 1.5, 3, 6, 9, 12ulE H3| =A3A
th Hod 3 F=2HE ST1, ST2, ST3, S-
T4 % ST52 E713AH. °lE zZt &899
$d2 Frel F7F FE= ¥ 29 4.
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Table 2. Standard concentration in solution(ug/ml) and air(ul/1) for benzyl alcohol(BZYA), benzoy! chloride(BZOC), ben-
zyl chloride(BZYC), benzal chloride(BZAC) and benzotrichloride(BZTC).

STNo. Concentration;solny {air)*
BZYA BZOC BZYC BZAC BZTC
ST.1 7.8(0.18) 9.1(0.16) 8.3(0.16) 9.5(0.14) 10. 3(0.13)
ST2 15.7(0. 36) 18. 2{0. 32) 16.5(0.32) 18.9(0. 29) 20.6(0. 26)
ST3 31.4(0.71) 36. 3(0.63) 33.0(0. 64) 37.8(0.57) 41,3(0.52)
ST4 47.0(1.06) 54, 5(0, 95) 49.5(0. 96) 56. 7(0. 86) 61.9(0.77)
ST5 62.7(1.42) 72.6(1.26) 66.0(1. 28) 75.6(1.15) 82.5(1.03)

a . The air volume sampled, 10 L was supposed.

HIS @2 % o8

1. F@E0e| 3%

£ AFNA AH4-d &8 arylmethyl hal-
ides®] ## A& Fusld CCh, CS:;, CHCE m-
ethanol(MeOH), dimethylformamide(DMF), di-
methylsulfoxide(DMSO), benzne(CsHs) B tolue-
ne(C:H:CH:) & AE&NT. 223 FXAE Te-
nax-GCE, &4t CCLSt MeOHE&E A A8}
Aok olE HAE £9Y CCLY MeOHY ar-
yimethy halides® £ % EF4-¢ FFEAZY
stol A 24 ¢ chromatograme 1§ 1o] HAZ
t}.

Response

2.96

win
Fig. 1 Chromatograms of benzyl chloride(2.96min), benzal
chloride(4.71min) and benzotrichloride(7.15min) at
100C with CCl{I) and methanol(Il) by GC.

2 XM@Yl oE Ay

benzyl alcohol, benzoyl chloride, benzyl chlori-
de, benzal chloride ¥ benzotrichlorideg 2 &3
H2 1mlE #3 v2 methanole] ¢ 50mlY
Eo13E AR 9 100ml flasks] 242 ¥ &F m-
ethanolZ EA FF 4T Y1 HESHA
ALg-8tth. AMEE 100ml flaske §3ad 2@
% WAae AANFE 98E HEIT] H3tdo
FAEEE A gde] § a1§o2 Yy H
Egdct. AA7LE 4 EF9 £ 49
20,1, 2 3 4,5 10, 15, 3049} AU o}
2 4G dAHT ENe AT &4 24
v B43d 2AEAY ol & £F9 A
7ol ME AL E 3 ¥ 4(Matsushitas,
1979)0l R At H 304 5 methanol £
FollA 3045 4C YA BEdte < be-
nzyl alcohol, benzoyl chloride, benzyl chloride 2
benzal chloridex= A9 ¥ =HA ¥ AFF A
o2 Ag sy, benzotrichlorides A ZAIREH ¥
37t 57 Al FRdte s ¥ ¥ 7.5%, 30U F
A < 20%7F FHE= Aoz velgt. oA
2 bnezotrichlorider} €% 9] v]gs] £Fo 9
3] 7158 = o] benzoyl chloridez W=+ 3
oz AztEm, YA e W o g8 §l
© A22 A}8¥Y. benzotrichloride?} benzoic
acid2 APHE Ax w4l & F Qo= °o)§
HPLCZ #% ZAF, F#Adod mE& benzoic
acid2€ ¥R g Aez Agdd.



Table 3. Stability of benzal alcohol(BZYA), Benzoyl chloride(BZOC), benzyl chloride(BZYC), benzal chlonde(BZAC)
and benzotrichloride(BZTC) in methano! solution.

Compd. 0 5 10 15 30 days
BZYA a 98.9 99.0 98.4 98.:3 98.5
b 98.9 98.3 - 98.2 98.3
BZ0OC a 98.0 98.1 98.0 97.9 98.1
b 98.0 98.0 - - 97.9
BZYC a 98.0 97.9 100.0 99.7 98.2
b 98.0 100.0 - - 98.1
BZAC a 98.0 96. 4 97.5 96.7 97.2
b 98.0 97.9 - - 97.5
BZTC a 99.0 91.6 86.0 81.6 78.6
b 99.0 91.4 - 82.4 79.8

Table 4. Stability of benzy! chioride(BZYC), benzal chloride(BZAC) and benzotrichloride(BZTC) in CCl solution. Taken
from Hidetsuru.

1 2 3 4weeks
BZYC a 99 97 97 96
b 101 97 97 96
c 100 97 96 96
BZAC a 101 99 98 98
b 102 99 98 98
c 101 99 98 98
BZTC a 100 99 98 98
b 101 99 97 97
c 101 99 97 97
arrcom temp., b:4'C c:~20C
Response 100 oC 140 °C

3. Column £x2| ¢

£ 979 AHRE 5742 B3 & CClel &3%
HEY STIE o83l Hed IFEHZAd
A BN 22rEadL 19 2¢) 2AY, & ‘.g,‘
& 10CH4 444 1104 BZYA(2.64min)
¢} BZYC(2.57min)7t TS ¥ EZ& 24
Agsy] 2@ A2, 120TAAe BZYAS
BZYC7} ® 5 & Alzte] 2.33% 202 @43 33
HAch 28u g A7k §3E& 12007HA
baseline B8]& HIYon, 1O0CHARANE ¢kzte]
baseline drift& R Al7kx] 83 FHHA
%ot A%7ts [ 150C olddlAE BZTC
ool M2 FHHS AF ToIHAT. oeEby
AA#HF9 A8F AHA benzoyl chlorider}

.
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Fig. 2 Chromatograms of benzyl chloride(2.95min), benzyl
alcohol(3.07min), benzoyl chloride(3.67min), benzal

benzyl alcoholo]l EAH A& B+ Column chloride(4.70min) and benzotrichloride(7.14min) at
9 28 100CE 3l AR & Rl AHse 100C with CCk by GC.
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Ao] vt A sttt $¥ benzoyl chlorider} benzyl
alcohol®] &EA 7HsAdo]l A9 gle AH Y
¥AFY AEF AHA)e BZYC, BZAC R BZ-
TC MEAE& EUY FEHA(STI)E A48
#4389, Column? &X8& 110C~120C 3&
Aol Haldth. T 140CHAAE baselines] drift
E AT AP, 53 BZTCHLE 4
ez e 140CAA ENeqx fo] 3
E¥ 471x Ed] A3 waiglo) BZTCE o 3
ol eldg 8 & sl

4, HaM

arylmethyl halides 43 %& CCl §9o %qof
AZEAE AZF dAZFE 3 CCLEv Y 3
Aot ZzAY BEE99 Z arylmethyl halides
9 ¥ AE benzyl chloride 16.5-66.0ppm/(0.
32~1.28ppm in air), benzal chloride= 18. 9—75.
6ppm(0. 29~1. 15ppm in air)3 benzotrichloride=
20.6—82. 5ppm (0.26~1.03ppm in air)olTh. o]
F=ENA GCo EEEY xdoz HPFHe
239 A ZEF dis) FoilA FEEA
Hdgel F3&gch. &4 2@ U Fo4A
EHAANN Y FBASF(r)e BZYC 0.9963,
BAZC 0.9989 ¥ BZTC7} 0.9918]31t}. ©] &5
W3 e B 59 B

5. X3y

arylmethyl halides®& CCL&vwld] o =A%
BEE44(ST3:BZYC;33. Oppm, BZAC;37. 8ppm,

BZTC;41.3ppm)& ©l €3l GCY BEEHZY
Btoll A 108 wE P A BZYC W@ ¥
FHA e 8.6%, BZACE 5.3% 9 BZTCE 8.
5% & Bt ojHo Wi AMe E 64 el
el

6. HEsT U Jsix

AA 49¥olA chromatographic oz &3
€ ¥4A] background®] & FFAINE R
$olatA gt wetd £ d¥olMe Knoll¥H
(1985), OSHA W3y = NIOSH #Wyel dis) =%
TEY Aoz ¥4 azctEadn A
dataZ ¥ PPz FFUEE A3
o] o] ¥ HluE H 7o) RAJh AFH
data® A}8-¥ NIOSH Wyo =z AL A3 BZ-
YC, BZAC 9 BATCY #& Ha¥ew FNNF
FEZ 0.002—0.003ul/12 XF74A Bud AR
oh o 3—-5u FL& Holy AA EMIAZnETY
£ FA d&Adel gldn, OSHAWYE LOD
7t #jgyt @ Aoz At dr. ¥ Knoll'dy
o ga A4e LODE ¥4 ¥¥azveaydd
HZA] 7P S 7 g9 Hoeg Agd
th 28U Knoll & AA 22viEIRY ¥
°|(H), WA & (Ws:) ¥ noise ¥°l(h.) 52 23
o Atel B @Fo] itk

7. EEAIE

F#A & Tenax-GC(60,80mesh, Alltech
Associate, Inc)& AM&3td dY¥E AA A

Table 5. Calibration data of benzy! chloride(BZYC), benzal chloride(BZAC) and benzotrichloride(BZTC) in CCl solu-

tion by GC.
ST No. BZYC BZAC BZTC

ppm area ppm area ppm area
ST.2 16.5 551 18.9 641 202
ST.3 33.0 985 37.8 1098 20.6 413
ST4 49.5 1582 56.7 1597 41.3 620
ST5 66. 0 2228 75.6 2161 61.9 959

82.5
reg. eq. 34.1 X-70.5 26.8 X+109.5 12.0 X-70.9
cor. coeff., r 0. 9963 0. 9989 0.9918
slope(SE) 2.09 0.90 1.09

area:mean of n=2

slope(SE) ! standard error of slope
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Tahle 6. Repeatability by using ST.3 in CCls solution by GC.

Test No. Area
benzyl chloride benzal chloride benzotrichloride
1 842 1049 340
2 821 1023 336
3 951 1035 405
4 917 1062 338
5 951 1141 410
6 864 1006 346
7 977 1100 401
8 897 1025 418
9 1059 1138 394
10 1085 1185 363
X 937 1086 375
a 81 58 32
rsd.(%) 8.6 5.3 8.5

Table 7. Comparison data among the calculation methods for limit of detection{L.OD, ul/L) and limit of quantitation(LOQ),
ul/L) of benzyl chloride(BZYC), benzal chloride(BZAC) and benzotrichloride(BZTC) in air' by GC analysis.

Compound J.E Knoll NIOSH OSHA
LOD LOQ LOD 1L.0Q LOD LOQ
BZYC 0.02 0.05 0.003 0.01 0.12 -
BZAC 0.02 0.06 0. 002 0. 005 0.12 -
BZTC 0.08 0.24 0, 003 0.01 0. 46 -

1 : The air volume sampled, 10L was supposed.

Table 8. Desorption efficiency of benzyl chloride(BZYC),
and MeOH from Tenax-GC absorbent by GC.

benzal chloride(BZAC) and benzotichloride(BZTC) with CCl

Sample No. CCL MeOH
BZYC BZAC BZTC BZYC BZAC BZTC
1 89.6 98.0 87.2 100.3 97.4 9.6
2 89.0 98.1 88.5 97.2 102.0 100. 0
3 93.6 98.1 95,2 98.9 96.9 89.3
4 94.3 97.3 88.0 94,5 100. 2 101.1
5 94.0 93.2 92.8 91.9 98.3 9. 9
6 98. 6 97.7 96.5 90. 4 92. 6 86.2
X 93.2 97.2 91. 4 95.5 97.9 94.4
on-1 3.51 1.92 4.00 3.94 3.21 5.83
rs.d(%) 3.8 2.0 4.4 4.2 3.3 6.2

arylmethyl halides& CCLZ &3¢ H&EEY
(ST3; BZYC, 33.0ppm;BZAC, 37.8ppm;BZTC,
41. 3ppm)& Tenax-GC 100mge] E°IE F8#
ol microsyringeZ 6ul& # 3| Tenax-GC7t &l
Ae FUEAA BANUF sealing filme g ¥
831 plastic cap& 3+ 4C WA o] 24747 B

#F 5ml vialdl Tenax-GCE H##¥E CClL(Ee
MeOH)E 2mlE Y3 cap® B3 ultrasonicator
A 158 F&2F AAFF GC2 FAHA
Alge YT ZUAA 6718 A ZHA|
BE 23 MHEENF ¥ 87 vl 123 €33
&2 CCLEU&E AL4A] BZYC7} 93.2%, BZAC
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€ 97.1%, BZTCE 91.4% %93, MeOH& AH$
A BZYC?} 95.5%, BZAC¥ 97.9%, BZTCEe
94.4% 9t SXAEHNME MeOHol CCLR
o #1, JYESEAE CCl7F MeOHE T &
o} 234 MeOHS A9+ 2%& 10T 0|32
2 @ $9]AM Chromatogram®] arylmethyl
halides®ll & & 4%<& & 2] 3=z GC2
EFNE A9%E MeOHR T CCLE A3t ¥4
£ 3te Aol $h ol ¥ XA EE 44 A
FAEZAAN A ELE A¥sed RAAS
(Correction factor)2 AH4-¥® 4 St

Nag 8

AP 3 EF Y arylmethyl halides(benzyl chlor-
ide; BZYC, benzal chloride; BZAC & benzotr-
ichloride; BZTC)$} #8873 (benzyl alcohol %
benzoyl chloride)& ¥43}7] 918 Capillary col-
umng ©]8% GCE AH8-3td EAuhgg /A8
Atk olFe} e d¥Ane ol 2y
1. 34 E charcoal#} Tenax-GCE, 3Evja
CCk, CS:;, CHCl, MeOH, DMF, DMSO,
benzene ¥ toluened FEF A FAA =
Tenax-GC7}, &8l = CCLY MeOH”} 4
g3t

2. AEE 571A EAE UAFTEE MeOHY =
o 4T ¥R o] L@t AP S FET
43 BZTCe Hx 5¥43 vid 3 1.5%4
B3 so] BZOCE HPB|HUY. o] AL
MeOHZ o] #F8 8o % Aoz A8
"t

3. arylmethyl halides®l] Wi§t ZFH& 23 BZ.
YC 16.5~66.0ppm(0. 32~1. 28ppm in air),
BZAC 18.9~75. 6ppm(0.29~1. 15ppm in air)
2 BZTC 20.6~82.5ppm(0.26~1.03ppm in
air)oll A HAAdob & JHsA

4, EFLIY(ST3)22 Y ¥4zxdeoz 103
WHE BN A3 4 3 4d EFHEAE
BZYC 8.6%, BZAC 5.3% % BZTC+« 78.
6% %t}

5. EFEMzdez EANE azvEays A
FH dataZ ¥ E ASE FEFEE Knoll W

Heg APA F71F =2 BZYC 0.
02ppm, BZAC 0.02ppm ¥ BZTC 0.08ppm®]
513, NIOSH Wyoz AXA BZYC 0.
003ppm, BZAC 0.002ppm ¥ BZTC+= 0.
003ppm©] A}

6. Tenax-GC H&A ¢} CCL ¥ MeOHE €38
M2 ALg-A §AEES CCLhellA BZYC 93.
2%, BZAC 97.1% % BZTC+w= 91.4% %1,
MeOHE AM8-Ale BZYC 95.5%, BZAC 97.
9% R BZTCE M.4% A}

a8z & d7oA MAE GCENUYEE
#4839 2 P73 F arylmethyl halides R &
HEZHESY ¥ & U YA 2 ¥
72 FRsed Aoz 848 Aoz
71t |
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