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Purlﬁcatlon and its Quantitative Determination of Carbazole
by Fluorescence Characteristics

by Satoshi Iwashima & Tadanobu Sawada

Crude carbazole (C;,HyN), extracted from coal-tar pitch, contains a small’
amount of impurities having very similar lattice constants to those of carbazole.
In order to remove these impurities, crude carbazole (10 g) was heated with boiling:
maleic anhydride (20 g) and chloranil (1 g) in 1,24 -trichlorobenzene (30 g).  Next,
it was treated with metallic sodium in isopentyl alcohol, sublimated, passed through.
alumina column, and refined by zone melting.

The evaporated thin films of mixed crystals containing pure anthracene and pure-
phenanthrene in pure carbazole were prepared in various mole concentration. By
measuring fluorescence spectra, fluorescence lifetimes and time resolved fluorescence -
spectra of these samples, the determination limit of anthracene and phenanthrene in
carbazole was quantitatively investigated. The concentration of anthracene in the-
carbazole could be quantitatively measured to 107 mol/mol by the fluorescence -
spectra, to less than 108 mol/mol by time resolved fluorescence spectra. The con-
centration of phenanthrene in the carbazole could be quantitatively measured to 10°7°
mol/mol by the fluorescence lifetimes, and to 10-° mol/mol by the time resolved
fluorescence spectra.

Therefore, it was concluded that the concentration of anthracene and phenanth-
rene as impurities in pure carbazole are less than 1078 mol/mol and less than 107

mol/mol respectively.
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X0 7 mr7 =0 1g ZRAMBL, BERYFNRTRI0, 20, 30, 4083 XU 50ml v
2.1.10() & FEOER T ENE X0y, FEENTNLR10m! Ligs 2T
HELCEER L, 1HZHE80°C Sl LD bEFR Lic, FIRICKERLT b
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st d o [2MRSCS]) ¢35,

3) &/ b VY AME: ALY~ [IMRSCS) 20g #ERKDA Y X VF LT A2
—b 200m! (4%5%) WIBFL, #FHUELeA b 52 O&EF b U v sk 0.5g To3045
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—Recrystallisation R
i Sublimation RS
—Physical Column chromatography RSCS
& sublimation
—Zone-refining (number of  RSCSZ,
pass 200)
—Treatment with maleic 1M
Commercial anhydride (M)
carbazole— Recrystallisation & IMRS
[COJ sublimation
Column chromatography IMRSCS
_ No solvent— & sublimation
Treatment with isopentyl IMRSCSNa
alcohol & sodium
Recrystallisation & IMRSCSNaRS
sublimation
—Zone refining (number of IMRSCSNaRSZg,
—Chemical & pass 60)
physical— —Treatment with maleic M
anhydride
Recrystallisation & MRS
sublimation
I__Solvent™ Col'umn chromatography MRSCS
& sublimation
Treatment with isopenty] MRSCSNa
alcohol & sodium
Recrystallisation & MRSCSNaR$S
sublimation
_Zone refining (number of MRSCSNaRSZ,

pass 64)

% 9M: 1,2, 4-Trichlorobenzene ; 3M: o-Dichlorobenzene ; 4M: Xylene

Fig. 1 Purification process of commercial carbazole and the symbols of the samples.
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Fluorescence intensity (arbitrary unit)

350 400 450
Wavelength (nm)
Fig. 2 Fluorescence spectra of the evaporated thin films of carbazole

obtained by various physical methods of purification.
: RSCSZyyy, — - —: RSCS, - ———————- : CO

Table 1 The lattice constants of the impurities in carbazole extracted
from coal-tar pitch.

mp Lattice constants
Sample Reference
o @ | w ] e ] x| @
Anthracene 218 8.56 6.04 11.16 124.7 2 2)
Fluorene 114 8.49 5.78 18.97 90 4 3)
Naphthalene 80 8.24 6.00 8. 66 122.9 2 4)
Phenanthrene 99~101 8.57 6.11 18.54 82.3 2 5)
Carbazole 245 7.77 5.72 19. 18 90 | 4 6)

2.1.1 BEAZ ML

(1) SpBATIEELE AT - 1B 2 BB » vV — i1 (CO, RSCS, RSCSZ:zp)
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BAEY LI 7AF VY, 724 VbV Y, TYRFFTEUvEIORYy Y (D) Av -
T & OFRFGHEIHRAL TV AY,, ChBORFGN I AV -2 LERE DL o T
B, WAL AV = (COY iFHEG (R)-H#E (S)-hF60m< b 7574~
(C)- REE (S) 3 X OHHERAER (Z) % 200[@1T 78 - 72D B (RSCSZzo) THAEJGA~Z
FAOBEWE PR AEN, K2 THLM I S BEBREINIEEA E T - Ty,
DT ENLRAT LR OBRFITGENFELD OBEE 3B & L2
%o REDREBEFTOEK= VA VEELERZ LIRF 0L 0 HESD LTWERZD
AN = AT ARG D (RSCS8Zzp) ¢ FBREDHIETHS EEL BN D,
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Fluorescence intensity (arbitrary unit)

s —— =
Lervebv v b
300 350 400 450

Wavelength (nm)

Fig. 3 Fluorescence spectra of the evaporated thin films of carbazole
obtained by various chemical and physical methods of

purification.
: IMRSCSZ, — - ——: IMRS, ———————~ : CO,
——@——: 2MRSCSNaRSZ¢,-Anthracene mixed crystal
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Tluorescence intensity (arbitary unit)

300 350 400 450
Wavelength (nm)

Fig. 4 Fluorescence spectra of the evaporated thin films of carbazole
treated with maleic anhydride in 1, 2, 4-trichlorobenzene (A),
o-dichlorobenzene (B) and xylene (C).

Solvent ; : 10ml, — - —: 30m/, ————- : 50ml
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PG &, BEEAD TR & v o3y — VERIRO 360nm (5 OB HEEREESE  Tr o> T K Bo
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T e Be Licht T EoE AR 2M Rkl 30ml (KR 77%) T,
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47

100

~180
Q
Q
c 60 o
= =
~ 2
- gl

40

—20

Amount of solvent (ml)

TFig. 5 The yield, and the intensity ratio of the peaks of fluorescence
spectra versus the amount of solvent.

O R YA : Ratio and yield vs. amount of
1,2,4-trichlorobenzene
—~+—F—+—, —+ —A— - —: Ratio and yield vs. amount of
o-dichlorobenzene
————— ®---—-, ————-A-————-: Ratio and yield vs. amount of
xylene
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FEWEEH 37— (CO, IMRS, 2MRSCSNaRS, 2MRSCSNaRSZss) o ilse & B2 77
T MBETR IOEERTER~ v 1 VBAE L TERRERITER I 320~340
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Fluorescence intensity (arbitrary unit)

350 400 450
Wavelength (nm)
Fig. 6 Fluorescence spectra of the evaporated thin films of carbazole by
various chemical and physical methods of purification.
—O—: 2MRSCSNaRSZg,, : 2MRSCSNaRS§,
—+«—: IMRS, -——— : CO

ST TENASY P ATOBNEE — 7 B DH B WIEI BN S Wil EAE T
Elie 2-1.1 OYEAAEI X 2 HBORRFMHITRLS, AFERIF&AIv< T
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O AM BRI L, EKT VA VEBAESSIEEA AT - iR (IMRSZ) Lx kBT S
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Fluorescence intensity (arbitrary unit)

350 400 450
Wavelength (nm)
Fig. 7 Time resolved (at 356nm) fluorescence spectra.
(A): 20 n-sec. delay.
(B) : 40 n-sec. delay.
— : MRSCSNaRSZ,, — - —: MRSCS,
———-: CO
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BR O R RE T B CRMEC LS OEMEINE L i 5 HEKXORHISEA <2 b
OPENFEFRCENLTFELLD 5D 2R LT 5,
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nD o, TihbhbiRIEER 20n-sec HOME TESNBEMSFEARZ PRI Y, i
EEDHNT L B A2 P A OESBECEN I i, ZHZEXAXZ A X b LY
OEERELMA LR D, 356mm TH AV —LEEO Y~ 2 BB S,
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BETRTELT Vo viLic, 207 v 35 & vEHIEET 200 BETVWEiME7 v b
5+ vwiGic,

3.1.2 @iy > v Ly

HR7 =7 v L vEREK< VA VBT TERAELZ TV~ VA VEM I & 72 54
WabrE Lice Jie=2 /7 —~ A EEBF P ) v A THIBAEELT, S HIEET DT
hBEL, BES, EERHRTol. T0O7 =7 v U vERAHREIAT 200 BIZ TG
HE7 =+ v b vEHi,
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3.2 IAAY—N—T Vv Ir I VERROILAYV—-N1—T F VU RS

3.2.1 & & {EK '

2.1 TCHEIH LAY~ 100mg OPR2. 1ITEBLET Y S evoRv¥y (B B
#1073, 1074~10"%7 v b S ¥ mol/H N 3V~ mol OEEWID X S5FHEMLI. &K
AR vEVvREBELERESEE, 107 Tor hz 1 KERBHEM LN vEvETL
ChELE, RE12EFE0T7T Vv HARHBTHE-RL, #r YV —A—Tv T2y
BERYER L. ZOREOSEY EG-10B % H\v, 107 Torr eI AIR L%
RENDBRGOHEGEHEEL(ED, 21V —1—Tv 7V GUT C-A BREE
) RBE Lo LAYV —A—7 =2+ vV VRS (T CP BREET) ABLAE

IFluorescence intensity (arbitrary unit)

SR YOS EN SR TR N S | 1
350 400 450
Wavelength (nm)

Fig. 8 Fluorescence spectra of the evaporated thin films.

(A) : carbazole, -———— : phenanthrene, — + — : anthracene.
(B) Carbazole-anthracene mixed crystals
anthracene in carbazole (mol/mol) ———: 1073, — . —: 1075,
————— 1 1077

(C) Carbazole-phenanthrene mixed crystals and carbazole.
phenanthrene in carbazole (mol/mol)’ 1 1073, — . —: 1074,
«———— carbazole. )
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Intensity ratio

Anthracene or phenanthrene mol/Carbazole mol,
and carbazole.

Fig. 9 [Anthracene or Phenanthrene]/{Carbazole]
—————— Ratio of fluorescence intensity of carbazole-anthracene
mixed crystals, 420nm/356nm ;
— - — Ratio of fluorescence intensity of carbazole-phenanthrene
mixed crystals, 371nm/356nm,
Ratio of time resolved (at 358nm)fluorescence intensity
of carbazole-anthracene mixed crystals, 415nm/356nm ;
—..— Ratio of time resolved (at 371nm)fluorescence intensity
of carbazole-phenanthrene mixed crystals, 371nm/356nm.
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3.2.2 BYARIZ b

BEEIALAAY L, BHE72FvIvy, SHMET v VvEAR%E 330nm TR
BLEYANZ P ARWE LLERZR 8 (AR T, HA 1Y =3 856nm &, 7 =
> v Pyt 37lnm T, 7V FFevid 420nm B OBNEANEY R, ik
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MO 356nm O v — 2 RER S, 7V T 2RO 420, 40nm O ¥ — 2 EEE
BT E b HEE RS & 107 25 107° mol/mol F E TREIHA Lz, T
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C-A E&%, C-P ERRELERY 260nm TOFEDOH A, 330nm [Fhig & B LE
HERE OGRS Eocic b2, EEbD -2 WRAE, BRZELOBRRIE
binh o,

HEOMNE) JeeXvEVvEEEL LCHREREORE THREARZ P AR REL,
BT —AFRDT Y kT £ 2 0.006% EF TEEWEELBELTHBY, IUIEGR
e B ASNE L ) 2 ERERS B, Tie, HEDIRT =7 v L vOBELS
XWOTEELY BELTWAY, AECINI-EXD EXTORENRDD T ERH T,
OISR ERERENEVOREELSAEAREL TS E H DIORTY, BEERIETIIS
ISR b= 3 A F—BEHRE LR TV I L RERLTW 2D LEL DD,

.23 B FEH

EIEE N LAY — L, BHETY =TV VY, BHET VT e vRAREALhORE
AP P ADE— 7 BEEMETERHGRIE LEREYE LT T. Wihd BRERF
13 3.0n-sec LI E/NE W, ZLCEBfEIL AL AV~ 17.0nsec, 7 =F VMUY
55.6n-sec, 7 ¥ b F 219, 6n-sec i {Fd () T FRFROSEED HERFNT
HBOTEV). C-A B&, CP BREABIhZhOBREFHIRILCTT. B3 T
BB ESRANAY =L ET VT e VHEOHEMLALPLTED, LORHHROFMD
FRLizdokinh, coEvERCHBTAC LXEELEFLDN S, C-PE&RAHED
BB AIBEARY PALYERELL 7 =7 v P VYORABERTT 5. T
BERBOBRANI PADEDE~ZHETHELTY, 7 =7 ¥ VVRAZOREM
o TT =T v F U VYDBERIESNTL B, ZOFRLY 37lnm RO X OMOWER
CoFEL B 1077 mol/mol FTHAAY—AHFOT =V P VYOERNFTEEFZ LD
NaHe

fods, MERMEIRTWDELEEMEL, HHRWEDH LY — LT 6.7~7. 0n-sec'®,
vy p~FH VvHRTORET 16. In-sec” L ph b, EEZLBAWICAL A N Z IR
2 VERTHIE L & & OfflL 19.2nsec Thoto, T, 7 ¥ F T v OBEIEFHIL
FEFMEOINTWAHELERAETHD, 7 =7V L VOLRIEPOECFHD Lt -7,

3.2.4 HIORHHEEARZ b



Table 3 Fluorescence life-times (n-sec) of carbazole [C), phenanthrene [P],
anthracene [A), carbazole-anthracene [C-A) mixed crystals and
carbazole-phenanthrene [C-~P] mixed crystals.

(C-A]J mol/mol {C-PJ (mol/mol)
Wavelength | [C] [(P) -]

(nm) 10 | 10-5 | 107 | 108 |10-3 | 10-5 | 10-7
346 16.5 — — | 161 | 159 | 16.0 | 16.0 |16.3|16.2]16.3
356 16.3 — — | 16.0 | 16.1 | 16.0 | 16.0 |35.130.4|22.5
361 — | 553 — — —_ — — — =] =
371 — | s6.6 — — — — — |39.5|31.6!19.4
373 17.8 — — | 16.3 | 16.4 | 16.5 | 16.5 — =] -
381 — | 5.3 @72 17.2 | 1720 | 16.8 | 16.1 — =] =
386 17.6 — — | 17.8 | 176 | 17.1 | 16.2 - =] =
393 — | 553 — — - — — |38.8(30.8|22.5
396 17.5 | 57.5 | 18.0 | 18.3 | 18.0 | 18.0 | 17.5 — = =
399 16.1 | 54.5 — — — — — 136.8130.8]19.4
403 - — | 182 | 181 | 17.8 | 17.2 | 16.0 [36.1|30.0|26.7
414 — — — | 18.8 | 18.5 | 18.0 | 16.5 - - =
418 — | 2.0 — — — — — |33.2]28.519.5
426 (14.9) — | 19.9 | 20.5 | 19.8 | 19.9 | 16.7 - =] -
431 — — | 19.9 | 19.7 | 19.6 | 17.9 | 16.5 -] = -
441 — (0.5 | 20.6 | 19.7 | 20.1 | 19.6 | 17.0 |31.7 |28.6|21.3
451 — — | 20.2 | 200 | 20.1 | 19.6 | 17.1 - -] -
461 — — | 20.1 - — — — S P
471 — — | 20.2 — — — — - = =

BHEAILAY — 0, BHET7 =7 v Vv Yy, BHET v 7 2 v OEGORHESEEA
2y b AERE LEEEYRI (A) TR Te A3 — 4R O&ArE Y 358nm, 7
=F VbV vOFRE 37Iom, 7V T Evy0Fiul 420nm B D, Ay —
Wy, Z72FVbVby, TV S5V ENFROBENRARI P LD YD ¥~ 7 {0iE ThHES
FHARZ PARPEL T, FTRLOBEXFGORRRED L OBERBERTHEL TS
BRISREAY FARETEDIh S - 7 BEMERILE & A EEEI R o7,

C-A BRRAPE I NV — LA O 356nm 1231 BEESEARY b ARRIE Lok
FE2MI0(BIZRT, Bibhic 390nm fiE%EEL LT, 7 ¥ 7w VBAEDHEIMCRE
415, 440nm fED A7+ ABAME OMRE X#EIK L, 356nm R0 ZhidEA LT
W5, FLTHERRO 39%5nm FELHA LTG5, ZDiEh, BHETFERAL7 M ARH
ETHEEMELBERBZEL THIITRABROERVBbh, HIN(B)DA~Z T A
I DAY — bR D3BeNmO ¥ — FBERSRT, TV T vEEO 415, 440nm
DY~ 7HER ST s D ENREL YRS, @ELDL (10°~10°) mol/mol HELF
TR LT o e & D 5 % 416nm/356nm #[H 912773, £ L CHErlEl ot
% [Car.) 1277”7, <O 4156nm/356nm D FRFRE LI ERMED X <, %7 10~ mol/mol
Dffid [Car.) OfEs ORICHMDOENS L ENL ALY —AHFDT v+ 52 v DFE
g UCHERTE, FOERMRIZ 107 mol/mol X b it ¥ TRz £2 bitb,

C-P BRRAREZERT7 =7 v } LV EFO 371nm iK1 ZHESEEARZ P A% R
FLICHEREPRIO(CITRT. COALY P VLT =7 v F VVRAESHINT 5 -
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tensity (arbitrary unit)

Fluorescene”in

1
450

Wavelength (nm)

Fig. 10 Time resolved fluorescene spectra (20 n-sec. delay).
(a) : carbazole, — - —: phenanthrene, ————- : anthracene.
{B) Carbazole-anthracene mixed crystals
Anthracene in carbazole (mol/mol)
————— : 1077
(C) Carbazole-phenanthrene mixed crystals and carbazole.
phenanthrene in carbazole (mol/mol) : 1073, — « —: 1075,

: 1078, — . —: 1075,

T, 371, 390nm AFEOBRREEABEM L, 3Eic 356nm AEOBEILRL TS, Lal C-A
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DEB I olc, —JF, BHSAET 5EIERM% 50n-sec &35 &, 107°mol/mol TL7
=3V PV VRO R 37inm R OMES K E B A, 107 mol/mol P ILIRIERF
[ 20n-sec D& & ERABETH oo MIO(CIDARZ P ALY ALY —LiEED356nm
FHECT = v P LB O 371, 390nm E 4T & D HNEE R R, 0 371
nm/356nm ¥ 9 1wiRT, L CHERFToRKE [Car.) KRt 7=Fv L vD
TR » TRENL D ESE X B L TWB A, AENESHLC & & 107 mol/mol O
fEL (Car.) EO{HEIGENT END, HAAS—AHOT7 =25 v v vOERL 10°mol/
mol ¢BWLWHEORALBbLIS, CHILEIN(A)THLR X SR AL AV ~0, T2
FUPVVREORESH -2 FRTHRES N VERER L TW AR EZELDR
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FHEZRE Lice 2ORE, 2V AV—AHOT V5 2 idB ORISR <7 b A
T 107®mol/mol LIFiz, #5227 b AT 10-"mol/mol EERTEERF4 DIt
DEETH 1o VAV —AHRDT o5 v b UL HES T 10mol/mol 35, %0
SRR AR 2 + AT 10 mol/mol 35, #ER<Z b AT 107*mol/mol e B CT& B = &
ﬁ;g‘?-oﬁ:o

PDEDZ&nh, RAEBTECEMEI LY — AR RS E LTOT v Sy
mlW%dhduT,71fybVv@l&hdmdquéécaﬁﬂ%Lto
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