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Spectrophotometry by Isosbestic Point of a Mixture
of Two Sorts of Substances and
Difference Spectrum
Determination of Mixtures of Chlorophenols
Tetsu KasHiMA and Mutsuko YOsSHIDA

Nearly all the absorption spectra have isosbestic points (Aiso), when total
concentration of two substances in a solution is constant and only the ratios of
concentration change. Difference absorption maximum (A4q) of two solution is
easily obtained by the difference spectrum, which is automatically obtained by
subtraction of the absorbance of a solution of a substance from that of the other
substance of same molar concentration, using a recording spectrophotometer.
And we have found the equations that a mixture of two substances is easily
analyzed by measuring the absorbances of the isosbestic point (Eiso) and the
difference absorption maximum (Eaq), if the molar absorptivities of the isosbestic
point (€is0) and the difference absorption maxima (& (A’) d £(B’)) of the two
substances are known.

Mixtures of two sorts of dichlorophenols and trichlorophenols are analyzed by

this method and good results are generally obtained.

EANE

a7 ) = VEOGHDIHDD OV TEREFER THKLLIS, FILURFOERIA
ERATRE, o LIS VCEEBED 2HEOBEYOSTBNBRICTE S Z LICRFE, £
WEEBICYTRDLIILBTEINE SDHENPD Z2EREITR >TOTHRET 5.

A0 HERIVE  (isosbestic point) L\ 5Dk, OXESITICBCT—2oDYWEO—ERED
BEB—2OEBHERFICL > TELT 2 27 bVEREED 5 5T, TO2BREI—RIIRD
BEDRDIELTHD. LiedioT, BRIVETIRZOEHEFIC X » TIRELLAEVELVRYE
2% (molar absorptivity) #H+ 579, MWEOERBIZELFHEIA TS, BKicRERED
pH iR ER TS EMNIC, ZOSERIERILHCLRA TS,

FRIZHLTHLVCRFOBERNEEEX 2. TR 2EOYAVPBRERP THEICEE? RIE

* OB O—HR BALERFITES (1964, 4. 1) TRELK.

1) e 4o, OEE®EH : Ak, 5, 135 (1964).

2) BE o, IHEE : WAERH. 82, 42 (1964).
3) RJEFE—BB: FHAWFEHE, 3, 70~77 (1960).
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EnviE, ZORHBEE—ETEZORALROAPELT S L 21X, —EFMTER D ORIY
A7 POVHRRERI R E O E CHRAEE S L vl (BRIE) ICHEEHERE Y. TOERE
T, BERMOBEM 2YEOREGREBIOBNEZRETNE, TORFHRELZRDLZLNRTE
ZHITThD.

E70, FREFOBRBMICZORARBO—FHORSOH 2 E0EK LY, FUBHALICHETE LR
CEBETVE—FHORSOREEDHEEREBVCTHET S &, 2ROORERLZ br (differ-
ence spectrum) ELND. FOREZRLT M AOBREEFNET T, SFHBEENRDbI - T
WHEDT, 2ESOBERERDHZENTES. DE2HEOREICLY, ~— v OERHT
THHMANT 2HOBARBOZRSDBEN LMD, DEVERTEHIIENTELIDITITHS.

FONHEEREBCERATELNE I DEEID LD, BEOY /e 72 ) — VBT
Voran7z/—n02BoBRERBE2HV TEREITR - 72,

KRB EH SR

24-V a7 ) — N —HREE UL X0 2[EEES, BESHRGE, mp 44.5°.

2,5-V 77 e /)= BEREREF AR —-FL LY 2EIEMES BEARE, mp 57°.

2,6- 77— —HFREEFRHT—F LY 2EFEES B@aSHKS, mp 65°.

2,4,5- ) 7m 7 = /= —fEEREE AW =—Fv X0 2RIEES, BAashReE mp
67°.

2,4,6-F V7T o) — —REREE ) ra A v L) 2EFEER AEEHRS, mp 68°

B OB SRR EKRE L e R,

KEfbT b U 7o REEEREREHBIC L Y ZEBEREELR L 0.

Ao E.Merck, pH #2E&E.

UrER2/KkIFES Y 7L E. Merck, pH #&&E1kH.

pH #&@E#K 0.1M 3HEEe (pH 1.1), 0.1M /Kk#Efk+ v 7 4 (pH #713), 0.02M & v Wik
B GHA D X0 0.02M ) VR 2KkF%E 7 Vv A2 BMEITEA L. 2O pH X pH
R — 2 —CRIE L.

Bt YeoeEst, Bl EPS-2 #.

SRR, BEH QR-50 A

pH x—%—, FHEEHR HM-5AR]

EBRHEFHLUER

REFEE FIUTRILEVBEOABIUOB AR 2WEORERE SV, b 2fx OF|
BTRETWROBIN 227 MVl E —EO &R TRIE T, —ficzh b iR o Sk
PUEOKEE (Nis) £ FORBEICEIT 5 EVRBEE (Ciso) ¥ RODZLNTX 5.

¥/, FICIRED AR XOBYEORENAIRZ B/ EFT oS BA L SRl A TaT &
Rl UG TRE AL PVEHE L. /2. BUCZORIBRKOKE ar) KB T 5AB L
OB o ELVRIEEL €(A) BLW EB) &bz czhZnfEL TH L.

Pl F—42%2RDTH L, RERMOABIUVBORAHREOSHZoED L S5 12 L TR
HLZLENTESL. TORBBIRICEENTVIABIVOBENFROENVEEZXBIVY &
T5. FH5T5LNUMALBLEOREAKLIE Xy Thd. FNH0EBNEOKE (Niw) BLO
TREEARYZ PVORBKOFEE Aar) BT 2REREWAROIEE lecm OWREZRIE Lz &
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%, #h¥FN E BXVW E: Thorb 5L

CisoX (XA F)=Ei coeenneeemm i (1)
ZOXPHRARBEREO AFHEE (x+y) BROOLNDB. £z, > EFORXRIRERIER OB
AU AVACH

Ny X Y B,
E(A) x iy +&(B’) x hy = Xty (2)
EANYXx(x+y)+EMBHY Xy +y)=Ei(x+Yy)

X _ B €BOX(ey) (3

y  &(AN)x(x+y)—Eq

E: 3RFHEORERIBRKOFERICBI 2WAEET, (HX26 x4y) BROLENATVD

DT, (X1 HEBE x/y PHETEXS, LK -T, xBLEOYy LV HIRENRESITKRD
bhs.

RRIBE £7enrT7=z2/7—0013 ) BAERERCEAYEDY I0ml o= ) —LiZEP L

THABAKTERIC 100ml & L 10°M E#kZ->< 0, BBECE UKELIRERTHRL, K
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Fig. 1 Effect of pH upon Absorption
Spectrum of 2,5-Dichlorophenol
(Solvent : 0.5% Ethanol)
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Fig. 2 Effect of pH upon Absorption

Spectrum of 2,4,6-Trichlorophenol

(Solvent : 0.5% Ethanol)
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PEEIEL LTEE 15~20°C THRSH Liz.
(1) pH izX3HINARZ b VvDEAL
Hrun7=z/)—no pH ORLES 10*M 205V, ZORNARY PVERIELZ. 20

5 Fig. 1 B
ofﬁ:ﬁfb, pH A

Table 1
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Fig. 3 Absorption Spectra of 2,5-Dichlorophenol
(a), 2,4,6-Trichloropheno! (b) and Their
Mixture (1/1) (c¢) [Molecular Form]

(New Isosbestic Points)

Wavelength and Molar Absorptivity at the Isosbestic Point of

the Mixture of Chlorophenols

[Molecular Form]

Aiso 1 Aiso 2 Also 3 Aiso 4
Sample & & €3 &
2,4-Dichlorophenol 233mpu 248mu 284mu
+2,5-Dichloropheno! 5,000 200 2,100%*
2,4-Dichlorophenol 255mu 281.5mpy
+2,4,5-Trichlorophenl 300 1,860*
2,4-Dichlorophenol 230m 237Tmp 255mpu 285mpu
+2,4,6-Trichlorophenol 6,000 2,800 300 2,025%
2,5-Dichlorophenol 255mp 284mpy
+2,4,5-Trichlorophenol B 350 2,100%
2,5-Dichlorophenol 228mu 235mpu 2556mpu 285mpu
+2,4,6-Trichlophenol 7,100 3,500 200 2,050*
2,6-Dichlorophenol 2556mp 284mu
+2,4,5-Trichlorophenol 350 1,800%
2,6-Dichlorophenol 255mp 284mpu
+2,4,6-Trichlorophenol 350 1, 800%*
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12 0.5% & L.
(2) 207 a7z )~ WVEBBBEOBINASRZ bVEENDLDOREARY ML

10°M BEO 2O v 7 =/ —VERE 0/10, 1/9, 5/5, 9/1 3 XV 10/0 0EIATE
&L, FNFROBEERDPOAEHEED 10M (/5 X 51z 0. 1M #E % 7243 0. IM Ak@Eeft T +
Y7 nlkETIOFIAIRL, BIESERERTRIE L. TOREIC L VRALOZIZET
BIEICE - TETIERIVEDEE i) &, FOERRICEIT 5 EABBRE (i) 2R
fo. ZOBAEBBHRIROGEE, J e T 2 ) —VESTFH, KT ) 7 AEEEO L

+l,000L
s /\
T A
3
<z, f i
¢
& - 1,000 1
=
“S L 4
- 000 L 1 s 1 1 1 L !
2' 220 240 260 280 300 mu
Wave Zength

Fig. 4 Difference Spectrum of 2,5-Dichloro-
phenol and 2,4,6-Trichlorophenol
[Molecular Form)

Table 2 Wavelength and Difference Absorptivity at the Absorption
Maximum of the Difference Absorption Spectrum of the
Two Sorts of Chloropenols (Molecular Form)

A A A
Sample/Reference ?’Lf t 2”;;‘ 2 %’7: 3 Am’}f 4
2,4-Dichlorophenol/ 225mpu 238mpu 279mpu 294mpu
2,5-Dichlorophenol —1,100 800 -  625% 1,200
2,4-Dichlorophenol/ 238mpu 290mp 2908mpy
2,4,5-Trichlorophenol —2,600 —  875% —1,950
2,4-Dichlorophenol/ 233mpu 294mpu 297myu
2,4,6-Trichlorophenol 800 —610%* —1,100
2,5-Dichlorophenol/ 238mu 290mp 298mu
2,4,5-Trichlorophenol —-2,700 —1,050% 2,450
2,5-Dihlorophenol/ 239mp 280mu 295mpu
2,4,6-Trichlorophenol -—1,200 805* —1,800
2,6-Dichlorophenol/ 233mu 275mp 295m p
2,4,5-Trichlorophenol -5,100 995% —-2,500
2,6-Dichlorophenol/ 230mpu 275mpu 294mpu
2,4,6-Trichlorophenol —4,000 925% -—2,100
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XA A LEELTHEETS. FOWRNAXRY o 14% Fig. 3 T;RL, 2R 6D F L i
FWEEN Table 1 TH 5.

SINEFHOREMA L Z2RAlcEA EREE OB 5 10°M 07 v L7 = 7 — VOFRERME £
TR EMER BV OREARY M EREL, WEEOEDE LRIV, RIEBKOKE
(Amax) & ZOEEICHBIT DREENBGERE (&) 2Rk, FORERIINALT FAro 14
% Fig. 4 T, L ociER) Table 2 TH 5.

(3) 2o 7 en7 =/ — ViBEREO S

BERMOZED 7 a7 = /) — VIRBEREDNTOHE, £O2EO7we V7 2/ —LD
BAWIET 2B SICETERIEADHERICET 2WEE (ED) 2RE L TEFHRE 2K
B, DVTRERIBAOKEICE T 20EE (B 2ELC2ED /w7 =/ — L DRE
HEkDie. ZO2BOREISKE I LT = ) —VOEELRDI.. Fof 7 % Table 3
iIE L. fAlEicizTable 1 BXI X2 *FIORIRAS > FEHWZ.

Kk, 7v 7z — VEOEEITL 10-3M £ TR— L ORISR Lz,

Table 3 Determination of Chlorophenols in the Mixture
(Total Concentration : 2x107*M)
a) 2,4-Dichloropheno!-2,5Dichlorophenol

- rﬁé;mpie | T;;al Concernrtra{ion Mixiﬁré Ratlo
2,4-D/2,5-D E (284mp) Found E (279mp) Found
o0 | oa9 | 98y | o040 | -
1/ 9 0.420 100.0 ‘ 0.455 1.2/8.8
3/ 7 0.419 99.8 0.435 2.8/7.2
5/ 5 0.421 100.2 0.408 5.0/5.0
7/ 3 0.421 100.2 0.385 6.8/3.2
9/ 1 0.422 | 100.5 f 0.360 8.8/1.2
10/ 0 0.422 100.5 0.345 -—
b) 2,4-Dichlorophenol+2,4,5-Trichlorophenol
Sample |  Total Concentration | Mixwre Ratio
2,4-D/2,4,5-T E (2817.Em,u) ‘ Found ( E (290mpu) Found
0/10 0.370 99.5% i 0.535 —
1/ 9 0.370 99.5 ‘ 0.515 1.15/8.85
3/ 7 0.375 100.8 j 0.485 29/ 7.1
5/ 5 0.374 100.5 i 0.445 5.15/4.85
7/ 3 0.371 99.7 | 0.410 7.15/2.85
9/ 1 0.373 100.3 i 0.375 9.1/0.9
10/ 0 0.374 100.5 f 0.360 —
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¢) 2,4-Dichlorophenol+2,4,6-Trichlorophenol
Sample Total Concentration Mixture Ratio
2,4-D/2,4,6-T E (285mu) Found E (294mu) Found
0/10 0.405 100.0% 0.410 —
1/ 9 0.405 100.0 0.398 1.0/9.0
3/ 7 0.405 100.0 0.375 2.9/6.1
5/ 5 0.404 99.8 0.350 4.9/5.1
7/ 3 0.405 100.0 0.325 7.0/3.0
9/ 1 0.405 100.0 0.300 9.0/1.0
10/ 0 0.406 100.2 0.288 —
d) 2,5-Dichlorophenol+2,4,5-Trichlorophenol
Sample Total Concentration Mixture Ratio
2,5-D/2,4,5-T E (284mu) Found E (290mg) Found
0/10 0.412 98.1% 0.505 —
1/ 9 0.413 98.4 0.480 1.15/8.85
3/ 7 0.414 98.6 0.440 3.0/ 7.0
5/ 5 0.418 99.5 0.400 4.9 /5.1
7/ 3 0.419 99.8 0.353 7.05/2.95
9/ 1 0.420 100.0 0.310 9.1 /0.9
10/ 0 0.423 100.7 0.290 —
e) 2,5-Dichlorophenol+2,4,6-Trichlorophenol
Sample Total Concentration Mixture Ratio
2,5-D/2,4,6-T E (285mu) Found E (280mu) Found
0/10 0.411 100.2% 0.302 —
1/ 9 0.410 100.0 0.317 0.95/9.05
3/ 7 0.410 100.0 0.351 3.05/6.95
5/ 5 0.410 100.0 0.384 5.05/4.95
7/ 3 0.413 100.7 0.414 7.0 /3.0
9/ 1 0.410 100.0 0.448 9.05/0.95
10/ 0 0.410 100.0 0.463 —
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f) 2,6-Dichlorophenol+2,4,5-Trichlorophenol

- Sample Total Concentration Mixture Ratio

2,6-D/2,4,5-T ?(2841’11;1,) Found E (275mu) Found
0/10 0.358 99.5% 0.183 —
i/ 9 0.358 99.5 0.202 0.95/9.05
3/9 0.360 100.0 0.244 3.05/6.95
5/ 5 0.359 99.7 0.282 4.95/5.05
7/ 3 0.359 99.7 0.323 7.0 / 3.0
9/ 1 0.361 100.3 0.363 9.0 /1.0
10/ 0 0.362 100.5 0.382 —

g) 2,6-Dichlorophenol+2,4,6-Trichlorophenol

Sample Total Concentration Mixture Ratio
2,6-D/2,4,6-T E (284mp) A Found E (275mpu) Found
0/10 0.358 99.5% 0.195 —
1/ 9 0.359 99.7 0.212 0.9/9.1
3/ 7 0.359 i 99.7 0.250 2.95/7.05
5/ 5 0.359 99.7 0.285 4.85/5.15
7/ 3 | 0.359 99.7 0.322 6.85/3.15
9/ 1 0.358 99.5 0.360 9.1 /0.9
10/ 0 0.359 99.7 0.380 —

Z B /vnTa/—VEEOPH 2ELICHBILT, BRPOIe T =) -V ERER
TR EILFAFT I LEEHT, 2807 e 7 2 ) —VEESRBOSHE LTV 5. 454
FORBESRAL LT, BREBEROGHEBELZ —ER LTV TRAKOZ 2 E{L Lz & S5
EBREETHIENETORS. LhL, 200k 5 cEPEgEOBES I, BFev-Th
IV ECERNEREFETS. EELBEDBEOREARENIOH LI v oEnd, o4y
o Z OHERIMEN 2 RET S, DXICPERELZ LT 552005, SRIEICRT 5E
NWERFARBBRTELRTRECIENEENS. LA LENIBEINMCD » TR E BT RH
MOEEBEZIH DT, SEOFATERVE LAV Fich3b0RE . $72, FOERIL
SATECTEESD LB L COREERSE VB LAV LA E L.

7, BRELWERETSIHAELFR L LI LR EEh 5. TR bDOEMED L Table 3 (C)
DEETIIEFBET £0.2%, BAKD 4% NICH-> TV 38, F— X Z0ERED» -7 hs,
25V mNT =)= b 2,67 u T 2 ) — Lk ORSRBTIXENVEIRENET EC
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FIERSEIMET L, Table 3 (a) of|TixAHEET +0.5%, BEH TR 20% L oExs
ECl. b55A, BAENI/1 X VER 33 —BRMCERENLZEL LY, BAEEOKE
CREBIORERDEVE LR, LN o T, £ 50 2 REORIE K IZ B 5 AVREHHREK
LRI AICBT 5 EVERRBEORXEBLEVES LT NE, I BBOFEID
DFHERE > TERET 5135 BREEER I .

SEOBEIZEL L THRBHEERER T, 2%V 7l T = /) —VOSTFHTTR -7, 5l
MBI T, 220 A A B TR - TORLE S RERBA b hie.

TRNT = ) — VIIKICEEROT, BEL LTEKRTZ ) — AV BEEE 7208, =%/ —n
HRIX0.1~5% O T, BREIIELALEE LA, -, pH BEEOA > Tz 10-3
MoOEKTZ ) —NVEBDO 7 a7 = 7 — MVEEEROEE X 1 AR TH 10% B Lz, &8
FEEERRNML T2 a7 = ) — L EREXDGTELIA FVRICLTRL L, BHREORD
1 BBREICEE -2 VTR L TORBLICRET 52 LA Ly, 2, BARBOR
KHELREELET 20T, BABRTEIRETRIHELE.

OHER, BELHELREY 2L Th, HILYRGFOBRIEOERICIEIT 2 RBHATK
DI &R ZERIARA ORI B T BT 2RE T, i 2EOBLEE LR -
RABBIOSNTES. L2, 20 2EOBBSBBEES TR AT RV RBRROFEA
Th5.

# W

2EOWADEFRE DV —ETEORELDOZ VBT 2WIRORINA S b v eI SR
WEEETIEEIE . 72, BICBED 2ZHEOREANRY MV ERIET S L, BRROED
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