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Fluorometric. Determination of o-Phenylenediamine in the
. Presence of m~ and p~-Phenylenediamine
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(Received September 12, 1968)

‘o-Phenylenediamine reacts rapidly and quantitatively with phthalaldehyde in sulfuric
acid-ethanol soultion -to form strongly fluorescent 11H-isoindolo[2,1-a]benzimidazole .
(I). By using the excited wave length of 320 mu and fluorescence wave length of around
350 mu of I, a fluorometric determination of o—phenylenediamine in a concentration
of 1x10-2 to 6 x 10~? molesin 1 ml 6f a sample solution has been proposed. * Réaction of

- m~ and p—phenylenediamine with phthalaldehyde respectively give 2,2'—(1,3-phenylene)— '
di~-1-isoindolinone (II} and 2, 2'~(1,4-phenylene)—di~1-isoindolinone (IIT). Formation of
1T and 11T is much slower than that of I, their fluorescence intensity is weaker, and the

wave lengths of their filuorescence differ markedly from that of I. By using such a dif-
ference in the optical properties of I, I, and III, the present method of determination made
it possible to selectively determine o-phenylenediamine in the presence of s~ and p—
phenylenediamines,
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ﬁi‘%%gh{uﬂe; Amos 5% ¥ X8 Perlmutter 5% 10X » THED BRI, ‘

—F, m—7 =z -—-,1/‘/:}7 IVBBWNL -7 2 = LV VST IVORFETRETS

-7 = =LYUY I VOERL, CVVECIBREY 5BIET = Y &7 v Y. N
v AKX BBERIG" DS  HBERAMBR T 505, & h b OFECE T, N
Rl 1ml %h pg BOBIRSESIEELTS. :

WEBIE T O ﬁ'ﬁ&%@iﬁﬁiﬁ{ffﬁxmmtfh% I DEREEET 5 00k
FitafAT3 28I T, 7=V VI7 3 /ﬁi&ﬁ%‘*ﬁﬂﬁb ng |D =7z =V VYT 3 /@H‘L\:’ﬁﬁ
ENTETHLS LA L0 THETS.

TEATAFLFE -7 2=y TFT I vED=R 2 ~zvzf“?&ni:m%sﬁ* Eﬁirﬁ%’zajwbj’ﬁ%lﬁu Table I
TR L SR, MEmETL uiﬂi&%?&ﬂhﬂi, B L I O WS L. Tiobbh, BiERL L

D %108 : XEHz, BHEFRST, #ik 89, 164 (1969)

2) Location: Sagisu, F wkushima—hu, Osaka.

3) J. Thiele, K.G. Falk, Ama, 347, 112 (1906).

4) D. Amos, G.R. Gillis, Austmlmn]'Chém 17, 1440 (1964).

5) H.D. Perlmutter, P.S. Knapp, /. Org. Chem., 32, 2350 (1967).

6) L. Barzca, Acta Chim, Acad. Sci. Hung., 41, 91 (1964) [C.4., 62, 46211 (1965)

7) %%Ei&ﬁ??’jﬁﬁf"i, MEERA, HAE, 86, 82 (1965).-

I

NII-Electronic Library Service



2 , . - ' Vol, 90 (1970)

Tasrs 1. Fluorescence Characteristics of o-Phenylenediamine reacted® with
Phthalaldehyde and Isolated 11H-Isoindolo[2,1-a]benzimidazole (T)

Reaction mixture® Isolated I®

edwm 0 Beme® Epa gpry % Bye® B g
my  Abs® M# mu mug  Abs® T# mu
0.5n8 H,S0, in 95% EtOH 292sh. 0.350 321 347 82  292sh. 0.346 321 348 83
305 0,498 306 0.490
318 0.373 . 319 0.366 :
- 95% EtOH 208sh.0.344 321 ~ 344 81  298sh. 0.360 321 343 100
L 306  0.444 o 306 0.480
o319 0.373 ' 319  0.398
0.1x KOH in 95% EtOH 302  0.173 - 327 383 4  298sh. 0.350 321 343 o4
' 323sh. 0.112° - 306 © 0.470
319 0.390

@) To 2 m! of o-phenylenediamine solution (I x 10~7 mole/ml in EtOH) add. 0.5 ml of 10x H,SO,, H,0 or 28 KOH respectively,
and 2 ml of phthalaldehyde solution (7.5 x 10-¢ mole/ml in EtOH). Heat the mixture for 20 min at 60°, and dilute with

EtOH to 10 ml.
&) conen,: 2x10-% mole/ml ' ¢} absorption maximum sh.: shoulder d ) absorbancy
e ) fluorescence excitation maximum, uncorrected J ) fluorescence emission maximurn, uncorrected

g) relative fluorescence intensities, uncorrected; these are relative values of microammeter readings at the same conditions.

WO RIGERFTE 1 OERCEBETH0VREELR L, 20, BEEEPC 8 5 T O&RKRITEA
BRCHTDREE, & IO RBEOENID, BIFERNTIEEELLRB. 7 4 4 U EEWhC s
WL T OEFIRED bl ' '

L o 0T 2 BRI Table 11 IRTERDTH D, =5 2 — RO HHE R 100 235 &
&, Table Il IR L BB AP Isv 5 600V RRE. 76113 ofs@me & b, 1 DRT IR O B

. Tasie II. Solvent Effects on the Fluorescenc

e of 11H-Isoindolo[2,1-a]benzimidazole (I)

Amaxa')

Solven i s - Ezoma® Em.mex® 4

olvent mpu © loge e my : REL
Formamide 320 . 4,26 321 . 348 80
Methanol 318 - 4.30 319 - 342 - 105
Ethanol 319 4.30 320 , 342 100
n-Propanol 320 4.31 320 344 T 89
n~Butanol 321 4.30 320 o343 : 109 .
Isoamylalcohol ©o321 4,30 321 343 111
Pyridine - ) 324 4.29 324 350 85
Acetic acid 318 4.24 . 320 347 ' 76
Diethylether - 321 4.29 321 344 113
Benzene 324 4.28 - 324 1347 85
Dioxane o322 4.30 322 - 346 83
n—Heptane - 324 4.32 324 343 - 97

@) absorption maximum

&) fluorescence excitation maximum, uncorrected

¢ ) fluorescence emission maximum, nncorrected - .

d ) relative fluoresecnce intensities, corrected for instrumental sensitivity,  All measurements were examined at
the same conditions: conen.: 1x10-% mole/mil, wave length width of excitation light: 6 my, and wave length
width of emission light: 5 my.

0 ’ 0 , 0 . .0

g B-CaCu
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No. 1 3
Tasre III. Comparison of Fluorescence and Phosphorescence Characteristics of 11H-Isoindolo-
r2, 1—ajbenz1m1dazole (1),» 2,21, 3~Phenylene)d1—-1—1somdohnone (11),» and . "
2'—{1,4-Phenylene)di-1-isoindolinone (IIN)® in EtOH . :
. Fluorescence Phosphorescence
Arnax®) ° _ ° at ——196°
Compd. . at 25 at —196 N
. mp  loge Eg max® E oz ) RE Ex 1ex® oo Rer) E:a. o) Em.m#d) REL 9
muy my my mpy my  mp sec
I 319 . 4.30 321 342 ' 100 301 324 316_ 436 sh. E )
’ ) ’ 308 341 100 , ‘ 458 : 100 2.81
315 356 481 sh.
. . ) 323 371 sh. R
! o 281 4.43 300 426 1.6 299 393 sh. - 301 436 111 1.06
' s ‘ 406 39 , '
315 4,31 324 450 2.4 330 376 sh. 331 470 2 0. 66
" 338sh. 396 : )
416 32
. 437 sh.
@) conen,: 3 x10~* molefml
b)) absorptioh maximum ) .
¢) Excitation maximum, uncorrected. . Italicized valuies are excitation wavelength maxima at which tabulated emission
maxima are obfained. ) }
d) Emission maximuwm, uncorrected. Italicized values are emission wavelength maxima at which tabulated excitation
maxima are obtained. . . : .
¢) The same as shown in Table I
f Y Relative phosphorescence intensities, uncorrected; rela.flve values of microammeter readings at the same conditions.
Resolution time: 1.5 msec const
£) Mecan lifetime, sh.: shoulder
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Fig. 1. I‘luorescence Excitation and Emission Fig. 2. TFluorescence Excitation and Emission

Spectra of I, IT, and III at 25°

conem: 3x10-*molefml  solvent; EtOH

a : fluorescence excitation spectrum of
T, uncorrected

ﬂuor%cence emnission spectmm of -
1, uncorrected '

0 s——

b ——— fluorescence excitation spectrum of
11, uncorrected
b’ ~—————: fluorescence emission spectrum of
11, uncorrected
& meeemeeenent fluorescence excitation spectrum of
N - III, uncorrected
g smmramanarens ; fluorescence emission spectrum of

RS S uncorrected e

Spectra of I, 1T, and III at - —196°

concn.: 3x10-* molefml  solvent: EtOH
g e fluorescence excitation spectrum of
I, uncorrected
2" m— fluorescence. {total) emission spectrum
of I, uncorrected
fluorescence excitation spectrum of
11, uncerrected
b - ﬂuo::escence (total) emission spectrum
) of II, uncorrected -
‘g mememinmmi fluorescence excitation spéctrum of
III, uncorrected
: fluorescence (total) emission spectrum
of 111, uncorrected

b
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(Ermmex) & 5 IEHR GV RBE (RFY) &, BEOBE .
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TEARNTAFERE m-7 2 = VST I vhBWIL
P73V Enh, FREREREE Lk 2,-
2'~(1,3-phenylene)di-i-isondotinone (II) % 2\ i 2,2~
(1,4-phenylene)di-—1-isoindolinone (FII) @i Jin 50
D ANARERY T LTS L Table IIT 5100 Fig. 1,
2,3 WRTERVTHS.
b, T OER (25°) kBB IT S kT
T 2251 ¢ B7eh. —196° iCdstd B 1 L3td B b
 AKRDERIVIZFECETIFTWHOFTREE TS 5.
LS BRECEHTE, II 88X % 1 ikl
BTh5 32lmu THRHELLEZD 1D W LBAEE
ThD. 342 mp KRBT HFWIBRERRT T 5 1
RHLT 0.1% DFaRLERcEs. Tibs 1%
I 3200 I s A7 b VBT B 2 L 230RET
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Fig. 8. Phosphorescence Excitation and Emis-
sion Spectra of I, 11, and III at —196°

conen. : 8 x 10 molefml solvent: EtOH
a : phosphorescence excitation spectrum of

’

I, uncorrected

@ r—— phosphorescence cmission spectrum of

I, uncorrected

B50DT, 1 OERIISHFBT 2 ABERD BARRL

CTHRERTVEERZFIAT O3 - L3 FHTHILE L

b : phosphorescence excitation spectram of
11, uncorrected Hivh.
o : phosphoresoenoe emission spectrum of . N . . ’
11, uncorrected DEomBiESE, 724740 TeFRELS 0=7 =
¢ el phosphorescence excxtatlon spectrurn of
111, uncorsected =L VST 3 ya)ﬁﬁ%ﬁ:&ﬂéﬁ& LT, 2¥D J: 5 P
Qf memmmmeeeng phosphorescence emission spectrum of |
I1I, uncorrected %%E&%ﬁgﬁ L#.
| mEE

CRB— 7 AATAFEF 100mg B= & 2~ ARED LT 100ml &35,

5‘%{’?&——%}3}@;% 7 — V¥R 4ml & 10~ GEEE 1ml, 3%k 4 ml “e?bﬂx.“ﬁ’ﬁ*ﬂ HiRT 15 ﬁfﬁﬁmﬁé,
2 BRILIRIC 320 mu DEFEEE AV TANT O WIEEARRE S 20 W HBELNETS. 77 v 7 Ey
=L5l%, ﬂﬂ%hﬂ%{ﬁ#fﬂ%&k%ﬁéunk;Zﬂlﬁaﬁﬁiﬁ&:%a{ﬁ%%lﬂ?% ’ '

"‘E%ﬁ:@#ﬁ“‘f . : '

i) Tl VDT I VOEEY—ELL, %@ﬁﬁ%#mﬁﬁéﬁﬁoﬁﬁ& U ERREE &
DEIF LR T Fig. 4 #87z. 0-7 2= v o7 I VERLT, TALTH S0 FUED7 24747 v FifE
HT2 k2 —Eor - ERE LR L. ~%®Hwﬁﬁ§%5xéﬂ§ﬁ§?hb%owa7aw7wfzr

B (7.5 10-° mole/ml) HEREHE L.

- 2 : ’

275 100 £ 4 _ ,

o = i - ':: . °<,_n___¢>—o_....__~_o
= B £ 5
2 60 2 540

S5 a0 $3

g= ol , ‘ EE 20[ N ‘ .

= o 50 100 130 200 o 0 10 20 30

Normality of added H,SO,

ig. 5. Relationship between Concent-
ration of Sulfuric Acid and Fluores-
cence Intensity

[Phtalaldehyde}/( 0 -Phenylenediamine]

Fig. 4. Relationship between Concentration of
Phthalaldehyde and Fluorescence Intensity

[o-Phenylenediamine]=1 x 10~ mole/ml

o)
Q

[6~Phenylenediamine] =1 x 10~7 mole/ml
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i) BREED B —EBA MR T, T R OWE & IR & OBk R T Fig. 5 ¢ 7. Table
I b bBEoRL 5, 1 0FWEEAREBITO=# /7 —ABRCTEL L5 L] mu RERAKBTT
B, LT, RIGHECR - THRMT2RBBEONAL &b, TWERARRIETREEACBT
TBHDTHBH, 1—20x Eh%ﬁ?ﬂﬂ@ﬁéﬁhﬁoﬁéH“z‘:"f:gﬁfﬁﬁi—‘ﬁc‘:%{f;ﬁ" Ep3TED. Licdh-T, 10N

MmN EREAEL L.

i) FigtE—EREMFC ST S, BUCKRHE & GHR-PIcsd 2 TOERRE DEFREYRD DD, -7
= pve7 VB 1x 1077 moleiml D= & /2 — ABRIC DV TERBIER T » RBEEOT WERE (B |
@z; 320 mu, FLHHE 350 mp) F X, [Fl— medium kzovﬁ-a_ﬂ:ew(gﬁ@ Tk 3V RigE BERE -
320 mp, KR 350 mu) Fs L OROBEHRLARIGHMCH LT 7 = » b LT Fig. 6 75:4%11 *5'7&%:*’9’

RISRE 25° s\ T, BUGRRM 10—120 5OHT, —%&
o T OEMEEW EEREDR WIT LWHBRELRL, EEN

o 1 RERE B LaF LA, RIGEE 30—40° ekl T

25° OHE LAROFEREE.

iv) REE—EEFM %H%m%ﬁ®ﬁbﬁﬁﬁm =
BEARECHE L 2HMIIRETH » k.

V) BB —ERAIERNT, -7 2=V T I Vil
5 1% 10-12—6 x 10— mole/ml DFEFCIEE & o SEHREERIC
EREIEAR L. Table IV i [3z MPF-2 HAK
%f%mlafﬁﬁt%ﬁgﬁ%mﬂﬁéﬁﬁﬁﬂﬁﬁik%

ZEERB L &R T

v1) W7 2= L VT IV p—7;-—~ Ly 73 v OFEE) '

— FEBREMHERNT, M7 2= LV T I VE T =V
v 7 IV EREN I E I RERTZ. m-7 2=y
FTIVEBL T 2=V VIT 3 j/UJ%’r' 1% 10-8 mole/ml

[N

N Ca o O

P loo_f_m__@—V—A—o
o

= _ 4

-

=% 9

55

o T,

o 80F

030 80 S0 120
Reaction time (min)

Tig. 6.  Relationship between Reaction
., Time and Reaction Yield

reaction temperature: 25°.

(i o

Fy:

fluorescence intengity (at 350 my, with excitation

- at 320 mp) of reaction mixture {([o-phenylene-
diamine]= 1'% 10-7 mole/mi)

Auorescence intensity (at 350 my, with excitation
at 320 mu) of standard 11H-isoindolof2,1-a]lbenz-
imidazole solution (equlmolar concn, to o-pheny-
lenediamine)

v Tasre IV. Calibration Curves of o~Phenylenediamine.

Concn, suitable for

Regression

Coefficient of

fluorometry : ; variation
(mole/ml) equation® (%)
1% 1079 —6x10° y=10.61%+1.3 1.04
1% 107901 % 10-° y= 9,47x,+0,7 2,05
1x 10" % —Lx 1071 y= 7.21xs+1.3 2.97
1% 10712—1x 107 Cy= 4 6. 64

a ) instrument: Hitachi MPT -2,
v: fluorescence intensity

x: Concn of o-phenylenediamine; x,=(mole/ml) X 10°, x,= (mole/ml) X 101, xy= (1:nole/ml)><1011

=={mole[ml) x 10%%

TapLe V. Fluorescence Characteristics of Reaction Products of m—Phenylenediamine
or p~Phenylenediamine Solutions in Acid Medium

Eomax® Emomax®
Comipd. ”mu- mmn;jx RF1®
m-Phenylenediamine® 308 422 : ©0.7h
oo 309 423 - 100
#—Phenylendiamine® . 330 448 ) 0.99
mor o 328 448 100

2) Experimental conditions are identical to this quantitative method.

b concn.: 4.44 x 10-* molefml in 1.1x H,50,-89% EtOH
¢) fluorescence excitation maximum, uncorrected

d) fluorescence emission maximum, uncorrected

&) relative fluorescence intensities, uncorrected

f) Fluotescence intensity of II was taken as 100.

g) Fluorescence intensity of I1I was taken'as 100.

cong.; 1x10-¢ mole/ml
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PWED =2 7 ~ VBRI D TRERE L B L'Cf%fu@fffwﬁb\)‘f:%l&%, %h’c%’tﬂ— medlu‘ni BTHY
FARED T 3200 1L OV E IR LT Table V 3787,

b, RIEHKOTWHE LB AGR 1T 5 00% IIT o J'[’:@J&ijéﬁﬂ%w‘o, Afr%giﬁﬁ:?/&swé
MT 22 UYOTIVBBNR p-7 = 2V T S VIRLS 11 S B0 T OAEERLL T M4 1% EF
ThHotk. Th, TRTWOREHEEDFEEE 320 my, HL Y E 350 mpu KBTS, RRED o-7 2z =1
VTS y}imgﬁz«_ﬁ?mﬁﬁm BRI EE DI 0.1% LTFTh -7, Licdia T, & é%‘m:m\f E
1 M7 == VYOT IVBBNE P72 = vy T § vREET BT 5’6?-1%’5 <Bf£%g?i§§%@‘§“6:’c7b§

TED.
Lin Lingih, 1o X B Ve 3 mse Mﬂiﬁxwﬁ D,
Loy ‘ IT 4 L0 1T OWILHOTE LD &b i, [T
| PEEFEHED, T O +5 IT & I e x
PHEOEMES LT, T O ko I 2 11 KX 5
FRUIERTERR. TET, -7 2=V VT v

Fluorescent intensity .
(arbitrary units)

50 D=L~ VERL W=7 = = VDT I v DN p-
7a=VYOT S VERMUCERBER Tl ol b &
DEKHIE KD T Fig. 7 »Hr.
wob Tiibb, m=7 22V YVT IVE pTasvv S
351&10 g8 6 4 2 73V, WP h A REES 5 X107 molefml [T
—log (u of m~or p-phenylenediamine ) DEETIL =7 = = vV 7 I vOERE cEL 5
Fig. 7. Quenching Curves with m-Phenylene- %‘73?‘/‘ ZEeRB L. 108 mole/ml L) _F OEEETIL
diamine (m~) or p-Phenylenédiamine (p-) Bl &R R L. k
in Assay of o-Phenylenediamine’ BT

o~phenylenediamine] =5 x 1053 N N L
[o-phenylenediamine] = x 10-5x -T2 R UVOT IV M-T 2 2LV T VR

R PmT ==V T I VERFRFREART 10100 ERETOWINL 8 BRRK No. 1—10 (Table VI) o
T, REREEHALT -7 = =Ly o7 s vOREE ¥y 2k, BOE 2 SEUE v i< o TR
BEE TR - /R AT VHEREL R L ORI AE TR LED 07 = =V VP T 3 VICH LTERNR
it 5% TELVWERELYS2B5C Ll (Table VI). =21, RBHAWE 1ml b)) m— K p-7 =
=Y T IVORN 107 2k I 2 AEARHATERL. ‘

Tase VI Regression Analysis for Assay of o~Phenylenediamine (o—PD) :in the presence ‘
of m~Phenylenediamine (sm—-PD) and p—Phenylenediamine (p-PD)

, Components in 4 ml of mxxltzd sample solution Found
Saﬁple ) (mole x 10°) ' (mole x 10%) .
' o-PD (x) " m—PD p~PD o-PD (p)
1 1.00- - 100 100 . L20
2 2.00 100 100 1.81
3 3.00 100 100 3.01
4 4.00 - 100 100 _ 4.12
5 5.00 : 100 , 100 » 4.79
6 6.00 - 100 "100 ' 5.85
7 - 7.00 : 100 100 6.60
8 8.00 . 100 100 ’ 7.49
9 9.00 1000 - 100 - - 8.57
10

10.00 100 100 9.64

@) regression equation: y=90,9894x—0.027, s=0.28, C.V.=3.25%
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£ B o &

KESIUHE  GuXWECEIES T VIEEN MPF-2 B2 ER L. BEXFIBLF v/ v7
v 7 UXL-150D, SEMITERT v CBRBFHET R 106, A3 FXEH 10mmx 10 mm 0B © L 28
Wiz, —196° ERITHT VLS IV AKOBEIIAED CERLAFEE ARl A7 P ORE
BWTRLRMECMHMTH B,

AW L UNEEE  Phthalaldehyde: BRI, HeSOx HIEMEH, EtOH: % 99.5% EtOH 1 liter wi¥
LT Na 1 10g Z2mx CHEHE. : )

11H-Isoindolo[2,1-a]benzimidazole (I)»%  Phthalaldehyde 402 mg & o-phenylenediamine dihydrochloride
543 mg w# P 50ml wEM L, HEW LR 20 min Pk 10% Na,COp Mz T pHE9 735, K,
T 5 it A KB, 50% MeOH, benzene & L 8 EtOH 2B IERERE R, mp 213° (EAE 210°9, 215°9),
SR G 106 mg 278, Anal. Caled.. Cp,H;N,: G, 81.53; H, 4.89; N, 13.58. TFound: C, 81.38; H, 4.99; N,
1344, TLCY (5 TH52 LR MHETIRDEAR RO TH 32, BEOLDBIE Bf Fo—flerd. K
FTH-TEC) : Bf 0.90, NMR (7)9: 5.21 (2H, singlet, ~CH,-); 2.0—2.9 (8H, multiplet, benzene ring proton).

2,2’-(1,3-Phenylene)di-1-isoindolinone (II)  Phthalaldehyde 536 mg & wm-phenylenediamine 216 mg #
ether 40 ml &2 L, FR T 4br B HHT2@BEFRL, FREERC 7 HEHRE. B4 % iz
ether T CHCL, B¥ & LT ALO; (Merck, standard bg) t7mw< bt 235 7 4 —~%fF 5. CHC TR
BILC, 2 UHOMHI 20ml 5 6 mp 247—249°, $ RS 19mg %7, Anal. Caled. Cp,H, O,N,: C, 77.63;
H, 4.74; O, 9.40; N, 8.28. Tound: C, 77.53; H, 4.66; O, 9.07; N, 8.19. TLC: Rf 0.66. IR »icm~': vc=g
1689. : . : C .
2,2’-(1,4-Phenylene)di-1-~isoindolinone (I1I) Pﬁthalaildehyde 536 mg & p-phenylenediamine 216 mg %
ether 80 ml s L, ZET 4hr KIS, #ili 3 5 ik Bx ether % ko0 CHCl; £ 20ml Ty N,N-di-
methylacetamide #» 5 & F, mp>>300°, #Hik5 60 mg » 4. Anal Caled. CyH,0,N,: C, 77.63; H, 4.74;
0, 9.40; N, 8.23. Found: C, 77.16; H, 4.85; 9, 9.69; N, 8.06. TLC: Rf 0.45. IR »¥¥cm1: yeop 1678.

B Bhoic, MIEELBL - L YTRFFE REE-Bkisrrekk HEtcE #ils LT
TP, ¥k IR, NMR <7 b vORELLCRTRAFT v EL S W YPIER ORI EH L ET.

8) ALO, (Merck, Aluminium oxide G)-CHCL,, 258.7 mu 0RMM T TR, T TLC i F~C oo Rk
X5, o , ‘ o -
9) Varian A-60-% Spectrometer (60 Mc) ® 8/, ¥igs CDCly LA Lik.

NII-Electronic Library Service





