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Studies on the Indirect Action of Radiations (17 th Report)
Effect of X-ray irradiation on aqueous solution of aniline

By
Hiroo Kumagai

Department of Radiology, School of Medicine, Hokkaido University
(Director;: Prof. M. Wakabayashi)

In this paper observations are reported on decomposition of with qualitative and
quantitative measurements of by products.

Irradiations were carried out with X-rays of 90 kVp, 10 mA, no filter, HVL 1.1 mmAl,
and 1140 r/min: the doses were from 10%r to 105r. ‘The concentrations of the remained
aniline and absorption spectra of products were measured by means of Hilger’s spectro-
photometer.

The results are summarized as follows :

1) In the range of 0.5x10-% mol to 10~3 mol of concentrations, both the dilution

_.cffect and the oxygen effect were recognized.

2) Temperature of solution during irradiation had little influence upon the irradiation
effect. The frozen material did not react to irradiation.

3) In the range of higher than 10~ mol of concentrat ion, the iomic yield was con-
stantly about 0.27. In the concentration lower than 10-4 mol, however, the jonic yield
diminshed corresponding to the reduction in concentr ration.

4) In oxygen free solution, the jonic yield is about a half that oi oxygenated solution,
and the limit of concentration in which dilution effect was recognized was about 5x10-5 ]
mol, which is lower than in oxygenated solution.

5) The irradiation on aqueous solution of aniline led to decomposition of aniline with
the production of phenol, diphenylamine nitrosobenzol, ammonia and some nitrobenzol.
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W3 T T 3 REFRRE b M2 (LEHE
¥ 47 % Aniline #FWVTEO Mo BFEHEDL
AL LTEREMNTE.

% O Az iz O ERBLEInIow
T % DRI 2 BT X &Lz BI7E
LT 2499910 FhfEpZ (i ik BRIGE
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RENRE L, TOEREFICOVTEREETNA
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BB/ bR Eo  Aniline % AR
R 72D 0 % vz, Z 010 -2mol k¥ (pH
7.2) ¥EWEE LT 2R EERMEL, GERER
B LT 0.5X10~5~10"3mol D FHPLED
KEHEEED 2ccDT v 7 MTHALTXHEE R
F L7z

R 41290k Vp, 10mA, @t L, b
& 1.1mmAl, HAFRRMERE O, RIS
1140r/min, #HEX103~105c TH 3.

Aniline @i i3 Bration-Marschall [Kiko
#3467 Naphthyl ethylen diamine #EIZ k2
#-. ZoORlEEFT Anilin 2 EREBRIZTFT Y
it L@, Coupling agent » LT N-(I-Naph-
thyl)-Ethylendiaminz-Dihydrochloride (CioHs
HNH2NH2¢2HCl) #MATHEATELE Y 7HED
TV s Rk TH 5.
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Fig. 1 Survival curves of aniline solution
irradiation by x-ray.
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Fig. 2 Survival curves of aniline solution.
concentration: (.5~100%10—° mol

Surviving fraction ( %)
k-]

1235678 %m IE 2o 15 30

Dose (% 10%.)

Tab. 1 37% Dose

concentration dose
(A0 mol) (x10%r)
0.5 1. 50

1.0 ’ 2.85

2.0 | 5. 00

5.0 8.95

10. 0 ig. 00

20.0 f 39.10

100.0 | =

T 5. ZxHiz OPEEED Aniline kSR CH
BEO%BOSRPEE ¢ 2121, X VS8R
EOEALZE R ERAT 2L VX0 R
BEPDELTHELEEITTHS. BILHL
DITTEREIR S FD S his.

ORICRRR O BREENC —E R0 fRAT L - BB
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SR E <4 7 o e ECCRD, Ho1 44 v
B4 F it 2HE L7
ZTOMRIZE2 ERSE IR TH 5.

Tab. 2 Dilution and oxygen effect

Dose 10¢r
surviving decomposed
f_gg‘;?_lnt' fraction concentration
(x10~* (%) (u mol)
mol) in in in in
Air Argen | Air Argon
0.5 47 T8 2.6 1i2
1 66 86 3.4 1.4
2 75 G0 5.0 2.0
5 86 94 7.0 3.0
10 92 97 8.0 3.0
20 96 ‘ 98. 5 8.0 3.0
100 99.2 | 99.7 8.0 3.0

Fig. 3 Ionic yield in aniline solution
irradiated by x-ray.
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ZEz Anilined kEWrROBREE BE L
D 4 7 U ke, HHEERO A 4 v REo
WA T UGB ORI oW TR 2 &0
FiSEER DRER &AL L.

KSR ORI ORI E 4 Mo in X EE
Flw7z.

Fiz. 4 The apparatus that exclude oxygen
zas from the samples.

El% Aniline o &REIREE D KWK & WARERSR
THEE L, IR v 7 T10‘mmHg EWE|L,
BRICEFE LOTRILL TRE2ER 2 RE L,
BRI TR EEACRNERE SN TES
TUTATTERTBZHICL D, BEOHHR (2
L, BEDERZBECE®IT v 7L 2EEY) 3
DM LU-EEZAG LA, D EoBREr &
MR B U T HER ek RSN B D &K % 15
i

LOBRBET v IMCERE LS 3RIEEE—
DR THRE 10 O XFBH 217w, SFE%
KD, RCTA L RE R~

MR 2ERUEIROML TH S,

Bl % ERSE 3 L 7 Aniline @7kEEWEIZ10%rod
X¥2METHL1 Li22% 3% 4 7 aEL5R
L, 44 viEd0. 1Nt 3. BEERTIC
fEV 4 A ki 5 X10-mol % )k LT RS
L, BR2ELHAOTN L D EBEINCRTT
3.
FEER I : EGHRGT & SR oW T
—C XIHEE 1T 5 Bh, £ OMREE LUK
MRTRERLRMETE 3. EMEAEROSE

BAER A s 5521 5108

R 2 RN T A0, WRRH ZTI GG
SERIT TSI WAL CEOYREREDTRSE
b 2NN

2EH13 5 X10-5mol ¢ Aniline JkEEHIC —5E
SREC10%r #EfERIE L2 e s, 105 % 2 x10¢
r § O304 DR > MR L2 BE s
20T, FOBERZ RO,

FEREE3EDOMLTHS.

Tab. 3 The comparision of surviving fraction

in fractional and continuous irradiation
Dose: 10°r. Concentration: 5 X10—* mol.

; fractional | continuous
1 3% 36%
2 32% . 35%
3 36% 382
average 3495 36%

Ef HiZ DRV 62 2 2R D bh i
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FERV ¢ REE U ERIRC 2N T

LWEEOBEILY 3T 7 3 ) REAEBRREE
XBEMH LGNS T 3 ) RBBEBELSRT 2
Mg, BIHD ik FeSOy kg cFett+ 1 5+ o
PRETAEEFEL LT, AR CIRE
VIROzREE, GRS L D0 XSRS Es )
TAREEBIIOWTERLToCES. HcEEC
X 2B, B LD 2EAa X AR
ks L5

#E#4Y Aniline JKEW Z VT &< FEffkosE
Egi7o7-. Blb 0.5%10-5, 1.0X10-5 2.0
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MR OREACRO WA L, ke L8
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FERES Mo Th 3.
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Fig. 5 Temperature and freezen effect of
aniline solution.
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LTE3» A5 B3 i ioERgrms
WCEEZMBETHS. YEEORBENI 57 3
J EREBKBECXBRE LT 57 3 ) RA
FREGH LT N7 F VRATER, <F=)u
VREER, KU NHs SERpEEINZHLHL
BT LT3, Aniline ABEEIC X2 BT
3 LIREOERAREICEL, HENS RS
& KRB 2 B\ B A R R B BT L <
RBEPRBLTES. Zodnxd Tzl i
LB O ERERR L TES.

EBEIWROMAC LTS ERRT:.

%% 2.5X10-5mol & Aniline k¥EEWEIZ105~
10°r DfFE 2 I L 72 d D BURBHD D DIz
WTRIMERINA T P L2 BEF L, %7102
mol (¥ 93Cy/cc) @ HBIHNEIBEEIZ 100 FST L
72 DI THEESHT 217272, EHER ISR
EINDETFHELEPEICOCTRZGLENTE
¥ DEERE» bEY AR IGZFIE L TR
8 L7, :

A) BRIMEBIRA T T A

R 6 KDL Th.

W E LTRBH O b 0 0Bk 2 7 302,
250mpe & D EHERBICBEEOKRE 2E1 D
BICHEEZH L, Thk b EREFER 280me 121k
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Fig. 6 Absorption spectra by ultra-violet
light to aniline solution.
concentration 2.5:x 10—° mol
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HED /NS WH 2 DRIEEZ 52 2. ZEEE 280
mp R B ST RIEEREX 1,400CH A9 3
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2, BEORMNE FCTUNARRE Y BE 230mpu
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ZhixXHRshck v Aniline » UL BE
280mype WRAGE 2 45 LIRS Aniline X b AE2Y
KRis 55 TYPHTREE G 2B DBEL * Frk§
%. Aniline DGFRLERIPEELEI NS L T
éhé%ﬁ?ﬂﬁzmmﬂgggﬁﬁﬁiéwﬁ
'z Diphenyl am::&f_lif\__)-l\- Ij\—T\> i3
Hydrazobenzene! J<;_/>N H-NH sk 2125
o3, H2o00RERMEETEALLS
A FRIEHREL 10,000 & 19,000 24 % 2.
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BROMEEL A X 7 + VB Diphenylamine #»
Eydrazobenzene @ PEA: #iffiE X h 2 31 H 12 Di-
rhenylamine 22V TRDEMERIG ERAT:.

Bis1%=1tua7LyY FF Y7 La Nag(Fe
(CN)s NOOB®w Iz 7 P TAFE F
TINA7: b o—iE B B in 2, Ei22N-Naz
COs32MATTAHZVIECT B LENRETE
L7z, W1®7 3 v RUEI®/T I vz ZoKG
#RE L2 E TR 5. #ic Diphenylami-
ne OEELERITEMZE Rz, |10 FREE o KR
iR oG ERR R EE oM E 3. Zh
FHET I -OCiTHE F EiEkEL - oico
WTRRIG R IT o Akotafz 2 L.
Ei% - o#fHi¥nz Diphenylamire T©h%. Zh
WACHERER BT LTS b o & EXAbh
5.

AT IEOSHEIETE vlee & E W TE B 2347
He2b02a803 /0% &b 2otz
vice Dl E#HtmEhns.

443 L7= Aniline @ 3 LifififE»: Diphen-
yiamine i2Z L L7z F Kb 3. HTHE6RIE
TR 280me DB ORI F Diphenylamine
TS b0 LRET 5. S E80me DRNEE
AR OBR kD B L TR0 Lok %

Fig. 7
a8 ,‘-'""r;;:uabos;z,- by
280 mp. uv light
L% /”"'../# rl
& o / gptical density
@ - of cantrof
§ 43 (2.5% 167 met )
E &8 \\
5. -
01 \\‘“--..h qetical censity
T of survival anilin.
) 2 3 ¥ s & Fd § ? se

Dese (x jo'n)

3. ChEERIZERAE LY AnilinedWOREE &
S ORRIIER] X VERTHEoMmiR: £ 5.
2 & b—flE LT5 X100 nFHRIzO-TH
N3, ZoEAEE 280me ORIEEER0.75T
»V, LS Anilined R ¥E30.23TH 3.

AR iS55 w2l 105

o T4 & 7z Diphenylamine DWERGEEE,
0.75—0.23=0.52& 72 5. iz Diphenylamine
W EL 72 Aniline®WEx, Diphenylamine
‘x24T0 Aniline k bz 2 &, KU Aniline
D5 X103 mol Yo D PEE TR R 280me MW
BEBRE T BT 2 2 D TH B0 B, Beer2l
O ZEE LR BHn S,
Diphenylamine 254k L #- Aniline oW s

=ikt 280mu o W RE
2w Aniline oy 4~ W5 32 4% 5y
X Diphenylamine o4 T -H B
% %1400
=0,52x% 19.000 =0.07

A+ Diphenylamine 12Z8{t L 72 Aniline @
JEEIX0.07TH 5. X4 L7: Aniline DTk
B120.53—0.23=0.30CH 50 b, 4 L7z Ani-
line @ % % Diphenylamine 122k L 7 Aniline
DHEA1X0.07/0.30 CHIVATH 3.

LA CikE 280mp VRN 245 T 2 Hydra-
zobenzene M PEL DR HEM:  F~hE, Z 04
RS T B

D : ok LN T B 0 WA

R 7 7 3 ) R BERAWERO XER 7 RS
LT APEFVEREFR, R7=2ruaygg®H
2, HU NH; BEEENZEEH SN L T
%, Aniline® SRR T T 3 ) RERB L [’Eﬁﬂ:
NHz 0202k E §hiEdiskPhenol < >
O%-_I, Nitrost)befnj?S::}NO, NH;s, -{-(7) flbz s
Nitrobenzol \__/>Nwt:z, Hydroxylamine

{>-NHOH, SnwEin%ibhs.
IRV ONTROE: I S 3 3

=
i) Phenol o4l R I

PR R D20 245572, Elt Phenol ¥z

LRI E A 3 L fliz ORED 3 2ERIE
2T, BB 1 %8 2 s gog d —
TERUINT 2P n 2 BREZ 2 L7, Phenol I
Sz 3242 Phenol Y » 23 RFhC

% Aniline O 45FBEEEE LCFRENZ DX
R4 5 72, Phenol 13 % 0. 03% SRGESiBuT 88
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Ll ko Phenol BRpE:X hTEZLEZILNS.
ii ) Nitroshbenzol &% MG
Liebermann FJ5!79% 247072, ElHRAKNC

Phenol FUMFRER 2 M A TMEAL, FFiEmMERE

W CRIFN & 2 72T, v P 2 L Liebermarn

EIGEBHETH» o7, ZoRix= o v {tgyo

BHeEINCRA-sE DT, = V(e

2% Phenol L#EALTA v F7 2 —LREBEE

ETVEEZFAL-VDOTHS.

R-NO+< >OH thE:LRN=C2/\=O

HIbNOZEZ2FT 2{bBMOERERUT 3.
LOBENOEP AT 3EAE LTFHENS
% DIk Nitrosobenzol @itz Nitrosoaniline,
Nitrosoamine, Nitrosodip-enyinyl amine 4523
Y ToMOEINIREETH 228, B3F ML
B bR oEAL 2 TRT 2 & ) HEEA Ni-
trosobenzol M EE ZTHBEVWZWTH A
).

LOREOBRIEE I L v/cct ShTES.
LRSI EEEE R LEmn D0 (kb K
7jcc @ Nitrosobenzol RELEIHTES LEZ
bha.

iii) Nitrobenzol @& IE:

Konowlow R 5™ 2@z 72, Bl b & er
MMETTFA L VEICEL, 2hdPRoz—F
VTHIH L, LKW E A B iR TH S
B LNCHREZE L. Zhid NO: ok
CHACYHbhBRETHY, FEE="1 vV Ldy
WHBHE RS, JEELTHic=tay Y —
N TEBE F7:F0.01%5EkREEE L 0.005% T
B 2 U 72, SiiiEEDs & %Ly/ceo Nitrobenzol
PELESNTEIEITRS.

iv) Phenyl hydroxylsmine o455

=ba 7Ny FEEEY Na-Ryvy ¥ F7 /7
Iv7zuT7— L REATEEEDRRAL. K
BB EE = + o bddf hiETmghRc ORI
L, Phenylhydroxylamine } LT=tua 7L ¥
Y P& Naz (Fe(CN)sNO) :KoH, Zix7 b
VARV I FT /T Iv7xzuF7—} NaFe
(CN)sNH3z) #inX TR ElEysh5%T
FHEE= olbgyokticBebh 3. 438

97T

PR CRICT 2L, EEROAERTOR
Ar, FcRREzEL..

Nitrobenzol # #ir L T Fhenylhydrox la
mine ¢ L7:5RREE 29505 Phery-
hydroxylamiteD FHEITHEE B, 77210 P-
Nitronhenol, FP-N.trozophenylhydrazine i
BB TETIEINTESNE, Zh&Ea(b
Ao = F v Hydroxylamine RN ZZE(L L
THETRIELZILNESR, =&
MOATETEEIATEZLE, &b =tui
WCEBEETHS S, BT 31z, Phenylhydrox-
ylamire (3 SIS 2207z,

v) NE3; g1

#A#lz Nessler mFE2MA-FT, #HEOa
o FEWCE(LL:., ZoREEER7 2=
7 oEEE By bn 3 b 0T 0.027/cc FE
HAIEETH B E mbh 5.

Bl bgdte> NHs iR D 552 0mEdiEE
b 1y MTFEEbhs.

DIk oEE» RS A 72 9Eix Diphenyl-
amine < DNH( >, Phenok  »OH,
Nitrosobenzol« >I\To, Nitrobenzol <_">
NO;, Ammonia NHy OHR2Th 2.

SRS v 7233 Aniline 010 -2m0]
AR ( 9307/ce) 12108 C AL FRF L 2D D
THBHN, L Aqiline # ERH L TR 3L
FIB0Y RAML T 3. RABBIRAT +
B gt BG o S e SEER X h 7 BEA L 12
Phonol 30y L) |-; Diphenylamine 20y~%%.y,
Nitrosobenzol ¥yl |, Nitrobenzol %y, Am-
momiaf i & 5. IEMAENBIR L IEI 2w
23, Phenol 2% 4 ¢ B4 X 1, Yz Diyhen-
ylamine, Niizrosokerzol "CZ h &REERE DR
Mg Bdy, filllc fE > Nitrobenzol r 5 o
ammonia R FIhB. o ﬂl'i:{ﬁlﬂa) &%
DBELEINTWETHS I PRREIEEINT
BRELTHED THETHBLEALNS.
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B LIS SENC DT T 228, Aniline o
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DT 3. ZOYRWRPOEERFEORNE IR
BRI L, F037% 8 IR OB & 2
WRADT S, Zha 57 3 JREFRY AL
7=y, Peter® 40 RRFERE X —H LT
2. Blb Aniline o Wz Xy BE LT
EREED%D Aniline # HEg L2112k D
R 2 B & 7 F &SRR D7 T
CERIFETHS. HIHEHLLCHRGELAD
bz, XEBEEEOKBIEIC10Y o830 2 4T
L7zl Aniline @40 dE1%10-3~10—"4mol o
A CIZREEVCBIR 2 ¢ 8 w4 Z T ENLMRL, 4
F VB0, 270 —E{H 2 BB .

DB S #E kB 1 TR T — iR i
IR B0, BRABIRT B = 30X — gt
BT 2 XAFITHESTELER TN T
ZLBEAbNENL, RKISHEEO R EEINE
PR L7z 2 3L X — 12 HBT 2 D 0 T Bfien
B L7z RV F -2 AT B L RIETH Y,
BRI U7 2 V3R RS
NBLEIEFBRLTUES. MLHEEEREOCS
BB EAREREET 2L EIETH 5.

URICERAFE AL JREE 2 X 10 ~°mol DUF Tia#5Ek
WHERFHIREL 5P LT oTh, dBEAHT
EREME RS, A4 B IEEE10 ~4mol DI
TIXREDET & KR T 5.

INRBEEBERKRTH B & BEEATIR L
ANVX - HEHCFEEI DR, BREXLES
NTCHBEZFIAX—D—WINAB LEX
MZEFEHERS . IS XHRAC X bk Lz
I ER O S bIB LB E0RKACHER
DOEIEDEZIR U TITL & TR B BEM T D
BB R TR LRSS T3 L D BEOES
THERT 2EHEOENREL B RTHSS L #
Abns.

W DAL FeSO0s JkBWE % Fiv- 72 =&
Tk 5 PEELUT o FEM0 7 T B AR L5
WM 2R BEOMBERRLTUES.
LEIEER VT Tl 72401 { MR o H
Diphenylamine 41 ¥ 72 BERs 72 U1 28 4 B AT
H U TR 2 R BSR4 F v IRE DB %
BET2ALEXS.

BREZMARERVE 52l #1005

B2 BRPROERIIOWTTH S, Bk
FIRE L7k 4 VIR GRS 7 AU H A
DRPEPWRD L, TR 1 F v IRE OB
A% e T YREERD B BEH R O PR E N L R
L0 TH & ) DOEMEMNEITT 2.

FATE T, BRI O 4 v RO
DRBEHEHEEOBERITEVIERT 25T
PRAJEE D PR T L 72 2 O BAERRo%
HETFELESEBOR T 3. SBEREIC
DERFIBEREL 23D TH 30 HBEREIC L
D P O RIEEEEEEIE O 8 R & h-1E 2
PEEOT\3,

REW X PR L oBEEhicging
BROBE I LALNTED, FofmER
DT —URAN R Ll IS D B 42 R
ZLERIVB. BEOREEBMENDL D Z ompE
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