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Studies on Chemical Dosimeter

I. Leuco triarylmethane compounds
By

Satomi Hakariya
Department of Radiology, Nagasaki University School of Medicine, Nagasaki
(Director: Prof. M. Tamaki)
Chikara Takei
Department of Radiology, Kyushu University School of Medicine, Fukuoka
(Director: Prof. FL Irie)

As one of the aqueous chemical dosimeters for ionizing radiations, the authors have investigated
4,4 (5-chloro-2-thenylidene) bis (N,N-dimethylaniline], a derivative of leuco triarylmethane compounds.
The authors’ method of synthesis of the compound was described in detail and basic matters related to
dosimetry by this compound were studied:

1. This chemical dosirneter is an aqueous solution which is composed of 10-* M leuco compounds,
10~ M ferrous ammonium sulfate, 10~ M sodium chloride and 7 x 10-8 M of hydrochloric acid.

2. Color change of the solution after irradiation was measured by means of a photoelectric spectro-
photometer of Beckman type. The optical density at the main absorption peak of 635 my increases linearly
with increasing X- and r-ray doses up to approximately 2000 R ; above this, the curve is not linear. The
minimal measurable dose is found to be 100 R.

3. No dose-rate dependency is found to exist between 5.6 R/min. and 126.5 R/min. of 89Co -ray
(2000 Ci). Energy dependency is negligible in the energy range from 40 kVeff. X-ray to 9Co v-ray.

4. The fluctuations of the measurement-data obtained by using the same sample is negligible, while
those from different samples are within 109.

5. Optical density is independent of temperature below 27°C, but above this it is temperature-
dependent. Direct exposure of the sample to the light should be avoided.

6. Since the dye is easily extracted (concentrated) by organic solvents, the dosimetry of the radiation
as low as 25 R is feasible if extraction (e.g. by iso-amylalcohol) is done.

7. Spontaneous discoloration is observed of irradiated or non-irradiated aqueous solution or the
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extracted layer, if left in room-temperature (18~23°C).

Fowever, non-irradiated sample shows no spontaneous discoloration whithin 3 months if kept in a.

cool and dark place. The measurement of its optical density should be done within 10 hours following'

irradiation.

Spontaneous discoloration of the extraction layer is negligible within 1 hour following extraction

and, if the extraction layer is washed with pH 2.2 hydrochloric acid solution, its discoloration can be

retarded.
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BEERSHR I & 2{LERIGOMRLEFTI b
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i, F2fFHlrELT, roRPBLET
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B O LER T T oW T o BRI EE
FIGERRR S LR, Fe't 13 v @
{E™, Ce**tq 4 voofRT?®, Chloroform ¢ X
RILEH © HROOW, o EEBLEY Ok
SHRLF RGP0 L %% ORENB LR
7o, LasLohbo £k RIGHhH w XKifEx

JABLE Lich, RIERPTEETH2ch, ER
BREEET BT e E LTSI fE bR S
RENTEE LTRAEE Thotk.
Ginther® Bz X b X#ROREREC F-bh
= Chloroform 43, Taplin'®, Clark'? &z x
DTREFRIEN: £ CHR Sh, RERTHIOR~
5,000R o HBHYERR RO MIEA 778 5 & L
IZhf-. F7- Quinine®, Salicylic acid9?0 7
F ot X 23to NEN LR E RS DT
EbREIh. SORBGHRMERMTREREZFIB
L7 7#:%, Telephthalic acid®® % fiv % ki
EFD LWHENGRRBESh D IE T, WERH
0.5R ~1,000R D{E#H E O RGEL TR fo e
Leuco triarylmethane (k&40 bt {250
D RERE ER ThB & &k, 19594 W.A.
Armstrong B®WIC ¥ o> T Wi XtAt, o
FE AN RIET, BRRSS I Sbastic
ERHARTHEER X, BEen b0
L2FHT2 J8 T <Ch T, EELDL Leu-
co triarylmethane [{L&ipo—FHikThHD 4,4
(5-Chloro-2-thenylidene) bis (N,N-dimethyl anil-

ine] (LIft Leuco {k&4p &Fr3)

[ g
N _">-—N(CH,),
N m.p. 133~135°C
AKL, ThicksENEY BREFACD &
SLBEFOEBTOWE L HEPIZEL, ZoBK
J B D ATBEMIC W THRE Lz
II Leuco {L&DER
1) 2-Chlorothiophene
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Campaigne, E. 52953k 56> C Thiophene

1008 (1.18 mol) ZiRivbAIgs, WL, HHK
w — bRl N% 500cc D =T 7 5 A2 A
Hu, Sulfuryl chloride 165.3g (1.22mol) %4y
We = 2D LSRN CH#mL, Ak kTS
b 15K L7, 20BARYE 7 54 €
Y7I7ARCHL, KELT, HmEMipo 2-
‘Chlorothiophene# #7- . h.p. 128~131°C, I
56.32 (43%).

2) 5-Chloro 2-formylthiophene

King-Nord 201 ft5C, ZH7 3 2210 2-
‘Chlorothiophene 56.3 g (0.47mol), N-Methylfor-
manilide” 82,32 (0.61mol) %% 5 L Hic
BIEA & % . 30/ Rl U C RIS T #. Kk
BT 1RRIME L 72, %#0#% 4.4 mol Sodium ac-
etate FEYR 500 8 % {RA LT KIEGIEH L,
% Ether THiHI L, 0.5mol $GMeHWE Tk
W, 2w T 0.5mol Sodium carbonate ¥5¥5THE
b, BRI KEE LT 5, Anhydrous sodium su.
hMefﬁﬁLt,m&ﬁELTb&33Mr%§
R % WEZ&E LT 5-Chloro-2-formylthio-
phene % {87-. b.p, 13mHg 103~ 105°C, Ivd:
30.58 (44%).

3) 4,4’ (5-Chloro-2-thenylidene) bis [(N,N-di-
methylaniline)

Mason, C.D. 53¢ HiiofEw, 73 22
5-Chloro-2-formylthiophene 30.5g (0.21mol),
Dimethylaniline 64.4 g (0.54mol) %1% TKIA
E 6 FFRIEDE LicfRic, 7K 200ce% hnx TR L
KL, 77 A2k % Benzene-dil-ethyl-
aleohol (3 : 1) X b s LCAfEERD 4,4/
(5-Chloro-2-thenylidene) bis (N,N-dimethylanil-
ine) %87, mp. 140~134°C, IXE 608 (70
%), DTRAMOREREIUIIRT X 5 i 5l
X —H LI, ERFIRIRA R b A% RE
UTLEERR L.

EEME C: 68.36%, H:6.15%
7.72%

67.99% H:625%

N
AtEME C:
N: 7.55%
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Leuco {41074 mol (07 1mg) * 1 Ntk
IR 6 co I BAR L, ou SHEIE 200ce %
Iz Th & Mohr i (p){,,(gﬁ”ﬂr 16 " mol (39,2
mg), NaCl (BR3EH:AR) 107! mol (5.858) #n
RTCARZ7 AR THBKTI! L, *oif
DOPHA2.20 GEFEEEEE : 7 X107 mol) i3
5 KFHFI Lz, Leuco {b&#i3 pH 2.20 o Hfsok
BRCIET CRBMLILVLDT, b5 LD
BRKBIRC EDBLTHE, pHERE LN
W, 107* mol ¢ Leuco {bE i Bk L
PH 3.5E CHBMT5H, FhllEopfiod Oz
HLTk#ETs.

2. SRR

U228 v it (*°Co 2000Ci, HZHL 102
RIHGHS) ROXER( 180kVp HEMK X C 180
BIRERTRIRE) Th % . HiiZ»" s S D75en
T45R/min., %5138 S D40emT64R/min. T3
5.

3. BB EEHIE

PGBt OWOERERI R 12 AT~ 7 = Ry
KR (erDkEE: 1% Ix 4emd) 2fl
L, $~XTER (18°c~23°C) CHE L. it
BUTRE R B BB EE C 0.005°CCh % . s
AR BEBAT S & ARG Z 2 b
nzh, BEMENECbh YT EoT, ¥
AWBRT T » B Y L, £ =51
VRRE s E iR 2 T, E T
A 3EZEE LIc b oRHH L.

IV ZRERERUEE

L. RIRA7 b v EEEHEEE (pH)

B RCALRR DRk BRI (pH) %2 2 T9Co
# LOORZBYH L, Fhrhoplc, WBixa-~
7 F ARPUTE LT ORI oA ez L 2

IRHTRUBH I 2T BRI A< 7 b b it B
5. TibBFig 1 IR X szt 1 90T
W% 505mu BT R ARITA 73258, pHAs 1,01
LG 480mu Ror 635mp B R LR

ol
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Fig. 1. Absorption spectra of leuco-compound as
related to pH.
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OREEEBE Lic. IeiiklopHidBaHig%T
LT Wi,

2. fECTOLE
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Fig. 2 /@R Lo X S Wil & REE & o M

Fig. 2. Relationship between radiation dose (R)

and optical density of irradiated aqueous solu-
tion of the leuco-compound.
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MTBE O HHIRIC X AL RIEH A L T

BAREZLAA R ML W2TE BE 5
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3. BRFE

b a R E RS (8IR18°C~23°C) T°5
L, FJEFRGRVEL, TRETRUR L bR A B
ARl

JERS Ak AR (635mpu) % FURIFEA
S0P HIBRAB L Ch b T ol Fig. 30

Fig. 3. Spontaneous discoloration with lapse
of time.
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°C) CRME LR 3 AMIZEREAREZRLTY
e,

EtEkhY, JERHREEALT X 5, FHiEc
WET 5 L, BEHES 7D 504 ~604r ¥ C i
L, FoOMIEEIRER LT, HI10MERER L Th
BN EOET # Ra7-. Fig. 3 12 1,000R
BasE o E Ry TiT. a2 BEER
inBEIERT (BEEER, 0°C~5°C) KRETS
L, BaRSrRLRT, SRR T
S, TORRIZ &R LT b E B o ET
FUES. TSV BARKGE L ICIRES
BETAH LRI DVEEINRCHDOTHE EEL
bha . fEoTERIC ARBE L-Hawx, |
EFIBEE 1R SHL10RR LIPS 7o 24X
BEEMETOMEIE LTS L.

—110—



FRA424E11R 25 0

4. HHK

BT OWTIE, FA—aBe M L e
IRV, L LA efiF L oieounT
EHI 105 BE 02 CHIEECE o2k
o, THhEARHBORA L, FclFloopHo
RECRETHLDTHS5. LivnLisx il
CHRAI Lk e hoTd HEE LT %Co v
TR OBEIR Y £ 0o FRET T - D8
R ENS .

5. Fofsmm

Leuco {b&HniEs 3w BRI 5 LT
(RSSO Tl L) FiRteftT 5.
FIREB L 2K B b R oo By 20
5. TIohbRAHRBST % 5 e R & 3R
(20W) A Z ¥ FF30endFHc s\ B0 Ffh
DEALE Fig. 3RIRLI. Zhhstko BAR%
BORER—FTHD O TR OHRFEICHT-oT
HRD I EHEL 235 ks Lkl d
e\,
KEFLIBHBEC I ST o0 X 5 hieFE L
Leuco L& nEMItB#EHA A< vz T e
X DML TE, S0 s» LTRSS
ABhLbcins.

6. RE D

b —ERTORY =7 v vERER L b,
KELMRG LT Fig. 41TR Lk 5 InfE 4
DEREC LTk, BHving, BECKELH
~Nic. REOCHEIL 0 C~2TCETIZES it
2, 30°CLA R s LR TENR LS.

Fig. 4. Temperature-dependency.

8Co 1 ray 600R
0.09F  room temperature 20T

2 E/
20.08} i
=

5007} ,Arﬂ/
Bl e

S0 0 10 2 30 40 5 &
temperature ()

=

=3

e
T

1097

7. fREEO

%Co #H# (2,000 Ci) 725 43.5em~ 200cmic
DD 9 ookl s E, A5 S500R%
Fegt (FRSHRERENIIRD 3 47588, RA864571))
L, @EROI/NC Lo THENELHRT B0
SEPENICE LA, HEIED bR, T
B, ZOHEETRBERKER L o,

8. WHpLE

0Co 7# RV XH(90kVp, 1,0Al, 25mA; 120
kVp, 0.3Cu + 0.5Al, 25mA; 160kVp. 0.5Cu+
0.5Al, 25mA; 180kVp. 1.0Cu4 0.5Al, 25mA)
AuTrhFhoiE o {45 500R »BE
L, BOEEEAWE Uz, Fig. 5137 Dpfic, M

Fig. 5. Energy-dependency.
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9. FIERRH

(1) Leuco {34k Bwatbhczht b b
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R L, NREFIRTONE (o b ERE
L) ORI Lz, Tibs ©Co v
% 500R, 400R, 300R, 250R, 200R,
150R, 100R,75R, 50R H % W25 R S L
T AR Ocen £ 21 % L ¢, 2cc o Iso-
amylalcohol % fn% CIEME, HHEFlootk. =
OHEEOBEE L& (R) & o Fig. 6
WRLICX SRERITH Y, kBT
CLPUTE AT REBLEARE 1 39 100RCH B DI 3 L
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Fig. 6. Relationship between dose and optical
density of iso-amylalecohol with extracted dye.
(Aqueous solution: iso-amylaleohol 5:1 in vo-
lume ratio)
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Bt (25R ¥ T LA SCIEREEE oo
7o
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Bilex Fito 5 1 1(10cc : 20ce) X b d/h&EL L
1A TCTLE 0 TR &y EHEFRY R
Lwot . 9CoT 43 S50 RIBEF Lok ISkt
DD EALRTHE LT HLERE o BEER O
WS Fig. 7R, flaad, KSRk E4R

Fig. 7. Volume ratio (acqueous sample/iso-amyl-
alcohol) as related to optical density.
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EE# 0.1 TH Ao LT 550 R BAHK B
FromXtisiamo.05csh h (Fig. 21w k%), A3
DPERELL Iso-amylalcohol w817+ 5 & s X 2%

HAREEHARE QMR B2T4 H8 5

HTBhC Edbhd . CoFTARNE bR S
hB Lo ATHEEMBIC X BRBERE (MR ¥
THEME) o—HEELLRS.

10. RSB DA

AR IR B O TR B S IR T L B S K B
BAEX D BEOBE e /R LT oY 5
£ UTRICEE o WEFTHE T Todo bR IE O JITE A H
REDTE Dy BT L.

TRGIARERGARE 2 co i@ EMBELKEHEE % 2
ce, 3ce, 4dce, Hcedh BT eek g T
B L Zh oo IRE & DBItRA ¥ Lichr, Fig.8

Fig. 8. Volume ratio (irradiated sample/non-irr-
adiated sample) as related to optical density.
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DA 2 477c\, fhHEEE B IE 2 1778 2.
ER.

12. HAN OB IE

Bt X o THE LRl o AREBEEYIER

— 112 —



FAFN424E11H 25

Fig. 9. Spontaneous discoloration of the extract-
ion layer (iso-amylalcohol)
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Fig. 10. Discoloration of the extraction layer
(iso-amylalcohol) modified by:
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A: washing with water

B: washing with HCI solution (pH 2.2)
C: A and B

D: no washing

CRETHETT5 & Ldied<it. c oty
Mo DHEETHIETE B biE, X bk
MEDIEENE S Winh . o0& kvt DTHE
TR R B F S S h B & RSk o
Clrp Fe'*' A vig ke b LTLE 5 kv e
s TEE L, hlBoklc x> Crhic
FERTVBERUMNOESED LCHBREL L
5 LA, Tieh bty @Kk 2[EL
Tebh D, @pH 2. 200K TR C 2 EZEHE L
bo, OK¥x 2@, %\ THI 2. 200 kKL
RT2EGEHR L0, B OEAEO D &
DECHETOES Y B L (Fig. 10).
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BoHERBERELh, O0BAE O
BEa X Y VREETROE20TH D, ODBL
BMEOWTFHROBE L b bI P B2 Tho
.

EREETh VKB 5 LE L ED
WHRT 5. Tiohbiit e sl e & o fl S 2
DB IR X ARG A TEAIIB 1L T & e
CTh, BELTHEENTEL 2 LA,
SRS DITHRTE I L T\,

V i @&

IREEWE R E2ffist & LT Leuco triarylme-
thame {tﬁ-ﬂiy@—-}%iiﬁ;'&%;ﬁ 4,4’ (5-Chloro-2-
thenylidene) bis [N,N-dimzthy]aniline] oWt
ZDERELRBN, hick 5B ENERSWT
DEEBERY I HI T FEAC BEE L %o 58 278
i

1. Leuco {bAW bt it o 1k Leuco
{A4107* mol, Mohr #f (FEEsE 147 v &)
107* mol, NaCl 10~* mol, HCI 7 x10™% mol
(PH 2.2) TH5. FrheRtaeRoOBRTINEE
i3 635mu Thoix.

2. WRBEELARE & o3y 2,000R % i3
ERERDH 5, Ehbl b ok ik < Fh
5. FIWRETEER/MREIL 100RTHS .

3. MREREKFMN 2,000C1 KT °Cofit
BWoOTHRT, 5.6R/min. ~ 126.5R/min. offi
BT ieh otk BRI BRI X8 5

4. BHECFR—RBCIRRET o 22 Bl
FABLL 72 O Tl L10% Di3 o X i ot

5. REEDMENI~27°CF TIHESL T X B H35
CLLEIR LD EREL 125, FteLTRE
ke SitisiF g e i,

6. BHLC X b ERoHRGESTE S0 TE
EOWE (25R ¥C) 2ukEicicot:.

7. FFREE, FRATKIEWERR RO R &
bR (18°C~23°C) il © FARE D % R0
T, TRIEOWTHR RN oS R, EBRHAE
BERHIBIEFTR TR L3 3 7 Bl
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