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A
=
=
[

1)

2l = (selectivity, a)

=

2l &= (o)

—

24| D8s #= Al22 2= UHO0IEZ, LIS, HISA
(nitro, anisole, methoxy) 1§ & Z= ®ld, L0l EZ Hl & Cre-MS-I]
(benzene, nitrobenzene)g LOtLt & 220t H=Jt8 JI= ComAR-l
_ Cholester
Z 22T E HILELIC ot 22 0tEQ S MIHX StE 2
PYE
; = % Hlere
Ol CHAH Al C1s-MS-II, PE-MS, TNAP , PYES| WIJIX ZB&IES TINAP M 50% o
O40% OIELIOIEZ
oIS [ 2cltl=s 252 SEHSLICH CisZEUAM AMEE PE-MS
_ . . NPE
£ =Mz UOIEZBIHE, 0fLIZ, BB (nitrobenzene, anisole, PaB-A
benzene) YLICI. DAA0| OFZ0FE (aromatic)Z &0 A AlE Co-MS
o & =M= BtUHZ YLUICH CieZ E0AM 2ele 2A &% 05 10 15 20 25 30
8 MBREES 0183 S IR BUL. TAIZLSS A @ Lol S 2 ua
(Nirobenzene/Benzene)
A 22 Or=0tE (aromatic ring)2 DE &S =Z 21 UD|
H20 A2t DEADY t-n&dSHS0 2ct0 AlI22 & =AMt FIHHELICH Ol D82 2471 A8 Z= Al2d
=elEE JHEZE S0 SLICH PYE, NPEZEHZS HZatol= 92 COSMOSILZEES =40&82 2= AME2 220
e =2 el s ASULL n-ndSHES 0122 [ Sl ONEU0IEZEEN HES0l 220 S U LICH
IdI 82 2= Alg9 2ak
Column: 5C,-MS-11 SPE-MS TNAP SPYE
Column size:  4.6mml.D.-150mm
Mobile phase: Methanol / H,0 = 50/50
Flow rate: 1.0 ml/min
Temperature:  30°C
Detection: UV254nm
Sample: 1; Nitrobenzene (0.13pg) 1 342
2; Anisole (1.5pg)
3: Benzene (4.0png) 2 s
NO, OCHj3 r
JQ 0 I _ \ _J\ J\ /\
Nitrobenzene ~ Anisole  Benzene § g T g Wt & + s b 5 T
NACALAI TESQUE INC
()
SE A=
® <+ Xl Olé Ml (position isomers) EZLI0IE E (tolunitrile) £ 2l
EZLI0IEZ (tolunitrile)2 3IM2 KXl OIS EME 21 USLICH JIE2 Cis = PE-MSZEE 0|88 R -t &5
HE0| U 245t =20l ortho & parall OI8&E M= ZclJt HESLICH il Ol OldENEE -t &SHE0 2
St PYE £= NPEZE 22 Z2/0t 0 & ELIC
COSMOSIL Application Data
5C,-MS-I1 SPE-MS
Column:
Column size:  4.6mml.D.-150mm
Mobile phase: 5C -MS-II, SPE-MS, SNPE Methanol/ H,0O = 40/60
SPYE Methanol/ H,O = 60/40
Flow rate: 1.0 ml/min ~
Temperature:  30°C b 5 70 15 T 20 6 3 ) 15 Ty 20
Detection: UV254nm
Sample: o-Tolunitrile (2.0 g) SPYE SNPE
m-Tolunitrile (2.0 ¢ g) p-
p-Tolunitrile (1.0 1 g) o fm.
CHy CHs CHy
"
oN o 5 70 [COE o 5 10 15 min)20
NACALAI TESQUE, INC
CN
o m- P




#3(dipole) X E = A2 22l
|
H
=
zcls P
L
M2 (dipole) FEXE 2= M2 2elT= AZ2 1,5-dinitro— C
Fai = IE Cis—MS-II El}
naphthalenet 1,8-dinitronaphthalenell Z2lE J|I=2 &It 5
Cis—AR-I =
StLICH Dinitronaphthalenes (I=2 1 I 2)= dimethylnaph- Cholester
thalenest 20| t-n&S XS0l A2 2 PYE 2t NPE Z Z 0l Al PYE
= o .. _ HOES
25 H AlEJF HIELICH 1,8-dinitronaphthalene (I3 1)= TINAP O OHELI0lER! ;Jli
PE-MS Z =
NPE Zt2H0ll O @¢cf 221 1,5-dinitronaphthalene (I3 2) ‘ot =7
= PYE 20 MeNOZ Qo I (20 0 & ZEe oaen =
XHOIJF ASLICEH NPE ZH&0l 28 A= =2 ASEZ(d Co-MS 2
. . . = . u];
pole-dipole interaction)S = Al & LICt. 1,8-dinitronaphtha- 0.0 0.5 1.0 1.5 =
. 1,8-DNN/1,5-DNN
leneOllAl 2JH2 LIOIEZ 08 #=2 1,5-dinitronaphthalene ol / ) i
SO nitrophenyl D822 =28 NPEZHUAN O 2 &= 2 1l
g0l €= 0|2 & LIC.
M
=
=
A=0 CHet JE T 2
5C, ¢ MS-11 SNPE SPYE %
Column size:  4.6mml.D.-150mm &
Mobile phase: C,-MS-II  Methanol / H,0 = 80/20 =)
NPE Methanol / H,0 = 70/30 =
PYE Methanol / H,0 = 90/10 .
Flow rate: 1.0 ml/min .
Temperature: 30°C 2 4
Detection: UV254nm 3
Sample: 1; 1,8-Dinitronaphthalene(/,8-DNN) (0.21pg) 3 5
2; 1,5-Dinitronaphthalene(/,5-DNN) (0.11pg) .
3; Naphthalene (0.25ug) 4 \Y;
4; I-Methylnaphthalene (0.35ng) 5 5
5; 1,5-Dimethylnaphthalene (0.42pg) 2, ! %
NO, NO, CHa ) A
seleslevleviss S :
5 t Yo + 0 & + i TESQZEJE, e Gl =
NO CHg
1 2 3 4 5
(=)
s U=
@ ZEZLI0I|EH (phthalonitrile) 2 Xl 0l & & X EEI Vv
TESZUO0IEEE 32 AX OIMEME HSLICH NPE £= PYE ZEE2 n-ndSHECZ 30HA /AKX O/4EHME & %
oA 22l SLICH H7L NPE Z&2 A2 A= A4S E(dipole-dipole interaction)0l 216l o-phthalonitrile It 2ot I\
=
H ZE0 s -
COSMOSIL Application Data
5C,-MS-IT 5NPE SPYE
Column:
Column size:  4.6mml.D.-150mm 0-,p- VI
Mobile phase: 5C-MS-II  Methanol/ H,0 = 30/70
SNPE Methanol/ H,0 = 40/60 J|
SPYE Methanol/ H,O = 80/20 %
Flow rate: 1.0 ml/min
Temperature:  30°C e
Detection: ~ UV254nm m- > |
m-| o =
Sample: 0-; Phthalonitrile 03ug) -
m-; Isophthalonitrile (3.0 ¢ g)
p-;  Terephthalonitrile (0.15 ¢ g)
CN CN CN N
©/CN©\ b 5 e 0 5 16 15 G 3 16 G
CN NACALAI TESQUE, INC
e
Vil
=
=

203



N =
. = = =
3) Zc/0t=0tEl (polyaromatic) st 22 eI«
|
H
=
P =cls
L
C ZC/0tZ20tE stef=ol 2elees dild, LtZEd, otEZtEI9|
El3 - _ _ = — 1= MS—Il
= 2212 X2 2252 BIELILH Al22 85 aMs 2E Z Ai ”
25240 2 HIM—| |TZTEFH-OLE DA D= 22+ *
0l 2ELICHAM-LTEa-otE2tM), 2 LU OF Chotestor
Z0t8 2o =9 ZIt0ll et AlZ2l HSR= Al2t0l Z2EEL PYE
~ W30% HES
;L Ch. J2iLt PBB-R & PYEL 22 22 248 ASEHEO TNAP 0170% OWIEL I=2!
z = . - PE-MS
%1 2 ool ScIOtZ0tE ste=S2 ZotAZ o HRsE AE B \pe
= 0{ZLICH ceen
= ComMS
Ot
1= 1 2 3 4 5
3 MEE=S VL
2} = (Naphthalene/Benzene)
it s U=
II = =
= ZC20tZ20HE st 22 ek
B 5C,-MS-II SPBB-R SPYE
=2 Column:
= Column size:  4.6mml.D.-150mm
= Mobile phase: 5C,-MS-II  Methanol/H,0 = 90/10
> SPBB-R Methanol/H,0 = 90/10
PN SPYE Methanol/H,0 = 80/20
— Flow rate: 1.0 ml/min 2 3
= Temperature:  30°C 1 1 1
Detection: UV254nm 2
Sample: 1; Benzene (1.67ng)
2; Naphthalene (0.11pg) 3 3
3; Anthracene (0.0063pg)
% “OO OOO ‘ . : /\‘ - . : } .
0 5 (min] 0 5 10 15 (min) o 5 10 (min)
I‘\j NACALAI TESQUE, INC
a\j Benzene Naphthalene Anthracene
H
=
@ dibenzosuberone 1t dibenzosuberenonell =cl
Ci82 dibenzosuberenone (I3 2)2Ct dibenzosuberone (I3 1)22H 20l HSLICH CHAIZG6HH PBB-R & PYE
22 n-dI AMAE S 3= dibenzosuberenone (I3 2)01 dibenzosuberone (II32 1)2CH 22 HHELICH
\ COSMOSIL Application Data
= 5C, -MS-II SPBB-R SPYE
=
I} gz‘l:‘x?\:size' 4.6mml.D.-150mm 2
= y 1 4 .D.
= Mobile phase: 5C,-MS-II  Methanol/H,O = 80/20 1
SPBB-R Methanol
5PYE Methanol/H,0 = 90/10 12
Flow rate: 1.0 ml/min
Temperature:  30°C
Detection: UV254nm
Sample: 1; Dibenzosuberone (0.1 (£ g)
2; Dibenzosuberenone (0.025 i g)
VI
L SelsSe
= D D 0 5 (min) 5 Tmin) 5 i)
L [e] [e] NACALAI TESQUE, INC
4
| 1 2
E
Vil
=
=
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=
=&
EARE0 2 2el=& chrysene 2 benz[a]anthracene®
212 JIEZ BOIBILICH 40O W™ 2 (benzene rings)2l 7 G
_ . Cie—AR-II
X2 = SIHe Z2|0t20tE! 50I= 22 (polyaromatic hy— ho
olester
drocarbons)2l Ol& &M= HIxs IRy It H&= H4EE ovE
I W20 2219 H8&LICH deilt PYE 2 Cholester & JNAP miEs
- O OKIELIOIEE!
&2 chrysene 1t benz[alanthracene 20| S0I8t &t 2= PE-MS
o 3tgfES & 2ale = UJ| 20 =cl0tZ0tE StolE2 NPE
2 OINEAE B 228 & USLIC PBE-R
Cs—MS
0.95 1.00 1.05 1.10  1.15
a3c|Hl/Hl X otE ph4l
(Chrysene/Benz(a)anthracene)
AR OE 22 s
5C ¢-MS-11 5PYE Cholester 5SPE-MS
Column: v
Column size:  4.6mml.D.-150mm
Mobile phase: 5C,,-MS-II, SPYE Methanol / H,O = 90/10
Cholester Methanol
SPE-MS Methanol / H,0 = 80/20
Flow rate: 1.0 ml/min
Temperature:  30°C
Detection: UV254nm
Sample: 1; Benz/ajanthracene (0.04ug) 12
2; Chrysene (0.04pg)
¥ oY I
+ o + e e ALAl p— s
1; Benz[alanthracene 2; Chrysene
o
=3 A&
@ ==2 Al 0|4 & Al (diastereomers)threo 2t erythroll 22l
Cis Z&2 threo%t erythroet 2 —‘?’——‘E‘ M Ol E M= 220t HE8S&LICH PYE ZE2 threo? 220 2XH& #2292
erythrodt Z' &0l 2¢2i = LICt.
COSMOSIL Application Data
5C,-MS-II SPYE
Column: 1
Column size:  4.6mml.D.-150mm
Mobile phase: Methanol / H,0 = 80/20 2
Flow rate: 1.0 ml/min
Temperature:  30°C
Detection: UV254nm
Sample: 1; Threo form 1
2; Erythro form
L \/ﬂ/\/\/\/ :
0?:5 § oMy £y ® o L L — L 1 1 1
iy éi} ,;K J o 5 (min)1o 0 5 10 (min}15
oL i S NACALAI TESQUE, INC
1. Threo form 2. Erythro form
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= S =]
5) A stetEo 22l
|
H
=
P e s
L
C 222 2o 2elts 2224 A (chlorobenzene)lt 22
SF — = Cie—MS-lI
= @ ¢l &l (bromobenzene) Al 22 22/ JIExZ2 HIteLIC CE el
=] 18, -
PBB-R Z& 2 542 E=20t2!(bromine) & XtJt 4k &l0fl Cholester
ofgt ML XDt tE =2 XS 20 sLICH PYE
I TINAP HW60% OIlEFS
_ O 50%0MIELIIEZ
2t x PE-MS
2+ )
= Jﬁ— NPE
=
3 PBB-R
= ComMS
Ot
1= 1.0 1.1 1.2 1.3 1.4
j SERRuH/2z U
ch == = (Bromobenzene/Chlorobenzene)
1 S o IP s
! 222 3829 22T
; 5C ¢-MS-11 SPBB-R SPYE
=
=2 Column:
= Column size:  4.6mml.D.-150mm
= Mobile phase: Methanol/ H,O = 60/40
== Flow rate: 1.0 ml/min
&l Temperature:  30°C
— Detection: UV254nm
= 1
Sample: 1; Toluene (3.3pg) 1
2; Chlorobenzene (3.3pg)
3; Bromobenzene (3.3pg) 2| 2
CHg cl Br 3 M 3
\ © @ @ /L .
g Toluene Chlorobenzene  Bromobenzene ’ * e ’ i I\ACALAHhSQUL IN1(n o
Hl
=
= = o o B =
@ & =22 WEk B2 =& (halogen exchange reaction products)9 22l %
PYE 2 PBB-R Z&2 E=Z0t2 (bromine)@XELH 24tE QR ERAXIF O 2D W20 2o HSLICH M PYE
ot PBB-RZE2 #XJt =He S20tel It RESSEE & 228 = AKX CisZE2 222 € + sUIth
v COSMOSIL Application Data
= 5C,-MS-II e PBB-R
= 1,8r
ﬁ Column: 1,Br,)
Column size:  4.6mml.D.-150mm
=2
= Mobile phase: 5C-MS-II  Methanol/ H,0 = 90/10
PBB-R Methanol
Flow rate: 1.0 ml/min
Temperature:  30°C
Detection: UV254nm I
r
Sample: R leBr
b R=lor Br
VI 4
1,Br,
J
A D | W
= T wmm b g i T
L 0
_:_ Sample courtesy of Dr.H.Yamamoto, RIKEN NACALAITESQUE, INC
= AP-1029
Vil
=
=
=
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n=0-5

—
0 (min)5

= © = S= =]
6) Rd e 22l %
|
H
=
e s P
L
dRE o2l 2ele 2T 22E JIER 22EE C
o= - = CumMS—|| T——— el
BOSLITH Cisll Cholester Z82 dRd atgE2 2k N =
Cie—AR-| #J_' =
b RAEH 242 E0SLICH 8 ZES2 CisZ2l KR40l Cholester
=2 =2 2t #2 s 20sU PYE
W80% HES
TNAP PR, I
O 70%0tHIELI0IEE! _
PE-MS 2t X
NPE g
PBB-R 3
Ce-MS =
Ot
0 2 4 6 8 10 =
k'OFe #i &l (Amylbenzene) )
ct
il
x| © o s8I 2 = M
RE0l =2 stet=22 22 s o
u
5C-MS-II Cholester SPBB-R SPYE SNPE il
ES
Column: =
Column size:  4.6mml.D.-150mm <
Mobile phase: Methanol/H,0 = 80/20 =
Flow rate: 1.0 ml/min >
Temperature:  30°C X\J
Detection: UV254nm —
2 2 =
Sample: 1; Benzene (1.67ug) 2
2: Toluene (1.67pg) 1 1 ;;
3; Ethylbenzene (1.67pg) 3 5
4; Propylbenzene (1.67pg) 0 : ;
5; Butylbenzene (1.67ug) 5 R
6; Amylbenzene (1.67ng)
A_ ] \%
0 0 10 {min) o 5 10 (min) 0 5 (mn)10 o 5 (min) 0 (min)5
Q‘““""’“ NACALAI TESQUE, INC =
s 2
H
=
Ao ZHUAN OIS KIS s LS5 AZIH 2l HISLICH NPEZE2 R HES s=2 60%=2 =
i2F CreZ &0l 80%=s==2 A= M OIS S A2t "HI=<otHl SIterLICh
o=
HESAZt =E
Methanol/H,0 = 80/20 Methanol/H,0 = 60/40 \
=
Column: SNPE ;
Column size:  4.6mml.D.-150mm =
Mobile phase: 2 I}
Flow rate: 1.0 ml/min =
Temperature: 30°C
Detection: UV254nm 1 :;
Sample: 1; Benzene (1.67ug) s
2; Toluene (1.67ng) 6
3; Ethylbenzene (1.67ng)
4; Propylbenzene (1.67pg)
5; Butylbenzene (1.67ng)
6; Amylbenzene (1.67ng)

0 5 10 15 (min) 20
NACALAI TESQUE, INC

\
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