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7o, B & L Tiz, RCA-8850 RINEFRIfEE» HH
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ORENPH T em~! i RIEBEL, TRTOR~
Z PAATBO=RA 2 ra v, —x — ST A L —
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FEET7 I VB, p-CAFAT I ) VI AT AT
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Table I Comparison of the three derivatization
methods for aniline
Method Absorbance  Fluorescence Raman Applicable
maximum intensity intensity aromatic amine
_ primary and
A 528 nm very strong secondary
B 495 nm very weak strong primary
C 500 nm weak medium primary

A : p-DAC derivatization method; B: 1-Naphthol derivatization
method; G : 2-Naphthol derivatization method

7 =V vHEAORIVERERIZVThoBE S 500
nm fECd b, EBEGEEFHCLTVWS. X, v—F
—¥RECR LT HTHRETCH -, LiL,p-DAC
B X A HBEIEFRCHRGTVWENET, BT <V
AP P ARIBB T EXTENRD oF. 514.5nm DR
B REXEE LT, RV X aHENRX
XL AR P ARBHIERTE ot -7 b~
A, 257 b =R X A5FEMAT, TV BGE
AT BIFIMASRZ v ARBBHIENTER. LL
KD v, (1640cm-1) LHENHELYHETS L, -7
P AR X ABEEOIRINIFEH EREN T

BEDZ Edb, l-77 b —AK X HHEMELIR
LM TH D ENDD>TDT, UTORERZ DT
B AW TT » feo.
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Fig. 1 The electronic absorption spectra of aro-

matic amines after derivatizing by 1-

naphthol method

A : Aniline; B : p-Chloroaniline; C : o-Nitroaniline;
D : m-Toluidine; E : p-Nitroaniline; F : 1-Naphthyl-

amine

MK S <~ v A7 P ARR L. EOFHECTD
(1000~1500) cm~1! T g — VDSV
FRERISRB, UL, A7 bARZ—=VYDLTH
£7 I VORIENTTETHD. —RICAST sz —
v oKL, FBEAEBGCHRES < VRSV TE

CREE B, Tihbb, HEHREELZT HIRE)E -V
2IEIE X TV B BTFRIGE RT3 ETRREIRRO
THLACFAO S DBLRATWADT, FRILEY
CREMAIRS ror* RIGH TIXERBISF LT
VB FEROBEENRECHBHRELYRT. LD,
HERCHEVEELTCORWEOBE LI RISLI
WEEBE B S < VA b ah HEBIT D OEE
ThDH. APRTHWE 1-77 b= XD FERET
1 vEEGTIE, X vEVEBErEEEBRE (-CH, -Cl
-NO,) 2 EE LTV DT, FOEENRBERCRTA
R P ARE—yDERLILSTHRTVS.

Table 2 iz (1000~1500)cm-! K CHBMI 5 ER
5=v.Ay FOEKYTHR L. 1140cm-1,1315cm?,
1380 cm-! fHEICIEE L TH v FABRIEIhS. &
RODRBIZIT- X L, shxhEic C-N {#
5, g, RO N=N igRBcLs30LEX DR
219, (1140~1315)cm-! P THEIL (3~4) XD
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B
3.4 FERFN
Table 3 &7 3 vO BRIEKELL BT~ vER
c IARHEBRAZER L. BIEEEC X HBRHBRIX

EI-Dib 2345 U= ABEHREY A5, 10mm o+
AV TREEOKHER 0.005 2 &# L LTRD.

) | S5~ VU S/N=5 LRMBER L Le. 85~
BTN 25 1 Y OEE SRHRR L ZR T 5 BRO
—ORIE-> T3, 2 HERETOMETIE, BRAE

E ORREEME, W, RFERLBB L3, 2750V
Fin & BENEZC) (REY LI B0H), -
ASAVOBEENKEL LD BIILT2RED Y Fad

F B EhEEirn (Fig. 3). BRHBRIBELREERC
TS FRERE SN LD, BEXEECEWTH 50
Tow i #0400 mm 0 AR F B ABRECE S, X, BHRA
Wave number, em™1 D 10 fERETART b AARAE—VYHDBET I VEREF)
Fig. 2 The resonance Raman spectra of 3 ppm THZErTES (Fig. 3).
aromatic amines after derivatizing them to
azo dyes

A : o-Nitroaniline; B : o-Chloroaniline; C: p-To- Table 3 Detection limit

luidine; D : m-Toluidine; E : 0-Toluidine; F:

Detection Detection

Aniline . Absorbance imit® imi
Amine ma(ilgl)um (lsl;::ttro- (nl:;g]x:;ncc
photometry) Raman)
Aniline 494 18 ppb 5 ppb
Table 2 Raman bands of aromatic amines after o-Toluidine 489 33 8
derivatizing by l-naphthol method m-Toluidine 496 30 6
p-Toluidine 494 16 4
Amine Wave number (cm-1) o-Chloroaniline . 504 24 8
m-Chloroaniline 503 22 4
Aniline 1141 1189 125 1280 1306 1385 1409 $-Chloroaniline 501 23 5
o-Toluidine 1147 1201  125¢ 1282 1315 1390 1409 o-Nitroaniline 520 2% 8
m-Toluidine 1131 1207 1259 1286 1313 1384 1405 m-Nitroaniline 512 22 4
p-Toluidine 1142 1195 125 1283 1303 1383 1421 $-Nitroaniline 570 17 16
o-Chloroaniline 1146 1193 1253 1283 1316 1378 1406 1-Naphthylamine 508 39 16
m-Chloroaniline 1146 1189 1253 1285 1319 1382 1407
p-Chloroaniline 1141 1192 1252 1295 1311 1377 1421
o-Nitroaniline 1140 1194 1264 — 1322 1381 1411
m-Nitroaniline 1146 1191 125 1276 1318 1381 1409 Fig, 4 13 1385cm-! DAV IEFDT =V y@ﬁ%ﬁ‘f«

p-Nitroaniline 1135 1195 1228 1285 1318 1377 1427 . . _ . - .
1-Naphthylamine 1145 1197 1252 1285 1310 1381 1410 B%. -ﬁﬁiﬁ Lc L P“ﬁﬁgk‘fg &, N—AZA vk

GBI EIR e > TERTHELTE e itd. £
T (0.1~1.0)ppm Ty (1100~1800)cm-! % BT
SNYFRBHEIIhS. chHDAAVFE £8cm! ff KO —RA S A v & LA, (0.01~0.1) ppm TiX (1325
HAT—KLTW5. BrBEHEoEE L) By ~1475)cm™!, (1475~1800)cm~! % EH T KO LThE
BARY b Ais— v OELEDEL, -t ALY VT hT =) vEKDN—AT A vE L. HAREIAR
Fo-Zmve7=V0v, o-=btr7=)viE B ERBTH 1385cm~! OV VEKD v, OFIDOHA
& — ViRt LRDi. EREBEOFBERNITIChLHh
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$1=5.7%,+0.02{(0.01~0.1) ppm}
$2=6.1x,+0.03{(0.1~1.0) ppm}

t Lirote. HEOERREXEIILThER, 0,=0.34, .=

0.17 THh%. yPHix 1365cm— 22388 (1-77 b

— ) DAY FRBBIDRETH DT, kX

LTiER X, X, ZTEBOHEEINRL-TWS
t DIZR—AF 4 VOB EHEEXLTHNLTHE. &
%, S < v OREREFBREROEBEE ORI
HoL-DBECHAILR. BRA Y FEOHENBEY
RotcBaETHRES VY FEBRA Y FEOREENR
B ted, —RCRBECHA L. L LEAERD
BeE, WY FOREEZENN IO TRERINERE:
FRLTW5., Tibhh, 1640cm-! (KD v;) & 1385
cm-! (FEAVF) 07 < vEEREEY L, L #ANE
YEBLTHEAINS BEY L' L' ThZthos=
VR T BERNREE 6 2 ETHIE,
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Fig. 3 The resonance Raman spectra of 0.5 ppm

(top) and 0.05ppm (bottom) aniline L'/I'cL/I, exp{—k(es—e1)¢l}
Zolutions after derivatizing them to azo =1/, exp(—kAecl)
yes
The bands marked with asterisk are v, of water. 71:7,:' L, 2 'iaﬂﬁﬁ: A o= 7%0) ﬁﬁ?%%&ﬂg

DEE, k=log, 10=2.303, Ae=e2—e1 THS. T
CEEOHESELE LT, c=1x10-5M, [=2x10"1cm

0.6} PRATHE
/ L'/I'ocI/I, exp(—4.6x 107¢A¢)
0.4+ AEBRTIE Ae=3x10® Litninb
L' /1, oc L/ T, exp(—1.2x 10-2) =1,/I,

0.2 LHEVERINOEEIREALELTES. WEHRED
2 KERBRTHS v — ¥~ HOOEE, A ROKEO
I MEOE LB Y ¥ & O NRER BIUEKBA B <
o0 0.02 0.04 0.06 0.08 . )

g 6t CENTESD., L, BBRAVIFEORERNDED
ﬁ o ChE D EFRIMY BENKE LD, TOKRER
HT, (0.01~1.0)ppm 07 =Y v% 10% LIARD

T > M CERT S LNTR D,

2t 3.5 “HAFRORRAE
‘ BMOA Y FIEEAEER->TLE S DTERSRD

T ! . . ) X . R FARFEE X EETCH 7. LrL, o=t r7
O 0.2 04 0.6 0.8

Concentration, ppm

1

=Y vE m-=tr7 =Y v Tixhth 9lcm™}

864 cm-! RTEELKW AV IRSBEDTIhEFIHAL
o TRBFEX RS-, Fig. 5 @xhxh 0.25ppm,

The band at 1385 cm-1 of the derivative by 1-naphthol . .

method is used as the key band. The longitudinal 1.0 ppm 7 & Oﬁﬁﬂﬁﬁ%ﬂ)%’\ 7 rNTHD. FK

axes show the relative Raman intensities of the key 5}'@/: v FRBHICE S, Ll ﬂﬁ@ﬁié}?: I BB

band against the v, of water. . ) !

DRENLELIBDT, LICKRMBRETH DB

Fig. 4 The calibration curves for aniline
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Fig. 5 The resonance Raman spectra
A :1ppm m-nitroaniline, B:1ppm o-nitroaniline,
C : 1 ppm o-nitroaniline and m-nitroaniline, D :0.25
PPm o-nitroaniline and m-nitroaniline solutions after
the derivatization
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Determination of trace amount of aromatic
amines by resonance Raman spectrometry. Ken-
ichi IxkeEpa*, Seiichiro HicucHr and Shigeyuki Ta-
NaKA¥¥* (*Laboratory for Industrial Analytical Chemis-
try, Faculty of Engineering, Yokohama National Uni-
versity, 156, Tokiwadai, Hodogaya-ku, Yokohama-shi,
Kanagawa; **Department of Industrial Chemistry,
Faculty of Engineering, University of Tokyo, 7-3-1,
Hongo, Bunkyo-ku, Tokyo)

The resonance Raman effect was applied to the
determination of aromatic amines. The aromatic
amines must be derivatized beforehand to dye com-
pounds which fulfil the resonance Raman condition,
because the amines hardly have the absorption bands
in the visible region. Three derivatizing methods ( p-
dimethylaminocinnamaldehyde method, 1-naphthol
method and 2-naphthol method) were examined to
make dye compounds with the absorption bands at
about 500 nm. The p-dimethylaminocinnamaldehyde
method was unsuitable, as the derivatives produced by
the method emitted the strong fluorescence, when
illuminated by the laser light. The 1-naphthol method
gave the best resonance Raman spectra. Although the
aromatic amines (aniline, o-toluidine, m-toluidine, p-
toluidine, o-chloroaniline, m-chloroaniline, p-chloroani-
line, o-nitroaniline, m-nitroaniline, p-nitroaniline and
I-naphthylamine), after derivatized by the 1-naphthol
method, give in general similar resonance Raman
spectra, they can be readily distinguished even at a low
concentration level of 100 ppb by comparing the pat-
terns of the spectra in (1000~1500)cm-! region. The
calibration curve of aniline is linear from 0.01 ppm to
1.0 ppm, when the relative intensities of the key band
(1385cm-1) to vy, of H;O (1640 cm~-1) are used. The
detection limit is (4~16)ppb (SN=5), about 5 times
better than that of the colorimetric method (cell width
10 mm, detection limit of absorbance 0.005). The
simultaneous determination of o-nitroaniline and m-
nitroaniline was examined and two components were
detected at a level down to 0.25 ppm.

(Received May 29, 1981)
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determination of amine by resonance Raman; deter-
mination of aromatic amine; resonance Raman
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