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30—70°C TR T A RHBBBSVEVHBROEEZZOWT
TRHEZASR, HRILL
The association of benzoic acid in benzene solution
between the temperature 30—70°C

Sumi Fukupa, Tapao Fujie

(Received September 10, 1973)

By using vapor pressure osmometer, the molecular weight of benzoic acid in
benzene solution was measured between the temperature 30°C to 70°C, and the degree
of association and the temperature dependency of benzoic acid were examined, which
is known to perform double molecule association (dimer) normally.

As a result, the association rate was found approximately 909, at 30°C and 74%
at 70°C. It is then found that there are still some association moleculars left at com-
paratively high temperature such as boiling point less 10°C.

At the same time, processing the result of relationship between the equilibrium
constant of association and the temperature by the method of least squares, the value
of heat of association was found approximately 10.5 kcal/mole, and the entropy of

association 28.1 cal/deg-mole.

1. #% B
BRI EE bR 2 BEOYWEMEEL DD, ThHREBEOBHIC OV TE OB
BoOBECIBERR L LAZTOREOGFRCER IN D HEL2ED. Ll Ta 4+ viEE
WTIZAF vOBRTED, ThEAHERTREAEKDR TR\ HEMBEYELRELIADIC
X, WALER, BESAET, BEEEAXAETOIS. LA ZHERXRTERTCRERE LEEY
RIBRMETHOBRKIFEE L Zicik, Raoult OB:AIC & » TZhNBEED E /L5 A
B E0D, BREEETOUEC X » THTFEXYRDLZENTE 5.
REBEBROLAEHITOWTIR, F.T. Wall 50® 12 X o T TR LI TV 52, 3ok
WL EORERA D HBIRGBRECROLTH 0T, AERICIL T KRIEF A
A== THOTXVvEVBEBEFORERBOS FREOUEX FTeL 30—70°C & X HiIcii
EHEYOAFEED 10710 mole » EBE ¥ EA T, BE ST TELELXTLI bR T
WARBEBREEOREKRFETOWL TR AR,
2. RBHE
1) REAER; EEly KK, #f%gg% CH,COOH M.W.=122.12
2) ~voa; wEes K.K. B221 TCI-UP  C,H,COCOC,H, M.W.=210.22
3) 7: vV v; BE#%S KK. MP.=108°C C,H,N,O M.W.=231.29
4) a-rz7FAT7 v FHME AEER  CHNH, MW.=143.18
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5) ~v¥v; HEL¥® KK. AEaH CH, B.P.=80°C ZEHLTHER.
3. REREE
1) ZERERFETRAARAETA—X— 7 F4 > Knauer # %
a) FEEFEAAEA—%— Fig. 1
B ERE : 30°C (158), 35°C (192), 40°C (229), 50°C (316), 60°C (420),
70°C (530)
b) RERES
IR T 51 v 2 9359—9381 Rifs A
FREEFES 4 v 11, 2, 4, 8, 16, 32, 64, 128 o 8EkfE, L LT 64 % {FA.

C) —3I ALK —
4 All Solvent =RA 70—130°C
= ” EEA 25— 70°C
-~ Organic Solvent &R 70—130°C
= ” EEH 25— 70°C —{F

d vyvvy #E 1L0ml 6Fx REEAH

AN
IR

/T Eleitronic femperature

measuring Instrument

s T |
D“‘ ¢ rgj 7 Recorder

7

Fig. 1 Osmometer

Syringe placing a drop on the thermisters.
Thermister probe with two matched thermisters.
Guide needle.

Metal-block for Syringe heating.

Vessel in which the Vapour wicks will be placed.
Matched thermistors of the thermistor probe.
Four filters for heat-protection.

Measuring cell (thermostated aluminium-block)
Glass-wool insulation.

WO 00 <3 O U1 = W DN ==

2) ZigEt : BarBifERTEL O56 A Chart Speed 5, 10, 20, 60, 120, 240 mm/min
{HFHEE 5mm/min
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3) HEREF : Mettler 88 H20T
4. B iR
1) AKERTERCIZFTERHE
AERUBEEOFHEEKIX Raoult DEAC X b CHRNBRBEDO EASRICHEITZ 2 &5,
ARRERETZHETSHZLIRLD, RNDOSFEIRDLIS. Titbb Raoult oiEHlR X O
Clausius-Clapeyron oz X b (1) KB Sh 3.

— RTz n .........
=L N (1)

2T T B8XO Lo 3EXS5REBRCOVWCEEDETSHY N »—FrEdhut
RT?/Lv-N=Kb () L8 ENTE, LihisT

4T

AT =Kb# «ereeeee (2) &7hn.
¥/ n=w/M X
- _Kbw .
M=o (3)

2Boh, 2T M RRASTE, w BBEOEEPX CHEAKITIWT 4T BFED=
NEREFITE RIS,

FERICHC “BREAREA - =" KB TULZD AT B35+ — P ORBL LTEDLS
haoTzhrftine, FARRELYRECEY, 2TFERMOBELAG CREE OEE DU
T7 ey bTRIECRIIA—DRER X OBRCOWT—EDHE b EOEBLED, h
XY ROWEDGTELERDLNS.

2) FTEETOVTO

REBRONVEVERCE T, REDLEEREVH DTRELTHARVERELE
E) wn, ZHTEELTHW20002K0 @ 521354, BRPOKESTIX naf2, R
L85TFi2 n(l—a), 2BEBOEALHE n(1—a2) TELIRS. |

Lo CHENNTOGTE M LHOGTE M, Lotk MM X O &EE a 23BLR 5.

(44
“MMQI_=1__.2A ......... (4)
¥, SATTRE G, REEGHSTRE Cu, (LEBREBE C Thobblicd ®, £44FH
E Kz, (5) RcXhRdbhd.
Co —aflloal .. (5)
THOIRERELYE L TERETRVB4DEECKTS K ¥RDhHb (6) Ric k5
TLf# AdH 85X U04ef=v e — 4S #1835.
4S 4H (6)
2.303R°  2.303RxT
EEAC B CikftEhic log K, kEhic 1/T(K) #& -C7 vy F LEOEBOGENS 4H,
YT 2 BCEHN LB S 4S 2RDIVERMEOERELY 75 7 LT 1/T-0 oFslr
7705 LEENKREL L BDT, BPZFET L - TERENLERR (7) OFH A IO
B %kd (6), (7) XKxbvi#vic (8), (9) Rk o T 4H LIV 4S %18 5.
log K=A—B/T wevoee (7) A4H=Bx2.308R -ooev. (8) 4S=AX2.303R - (9)

K=

log K=
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5. REBFELT—5AE
EB 1 ¢

1) FREAAE 2 — & — OEETEM 1 7% ANREREC Hbe TA L » F L AN B.
2) Wk NCHEDFMRELTHA, WK 20ml & AniET 5.

3) SHORE (FLBM) 1075k 5 Ak L OB KL FRRCHFT 5.

4 0.010M

v 0.025 »

-~ 0.050 » 458 5.9000 g

= 0.075 » (EE=VEE)
& 0,100 »

4) KEMNBOO6EADYY v i blACHEY, MICThZhBEORL >TBERY AN
HBEEAAEA—Z2—DTNV =Y AT vy 7 FORICHEATS. 6OV Y YCHARDS B
L ENEERY — I A 2 -, TOMXBERHAY — I 2 2 —LimcEd Byt 5.

5) LENORNMERICET2FTHEL, (BMEBEERC X > T—ETRWLAIBEHILWL
EHTD) ChatAE 2% — EHICHFALCEREGCHERELHL, BEAMEEEL va — X
DAL vFEAND.

6) W — IR x—OWE, BEREMNCHEEOREMTESABH TR, FHFv+— b
R—DOFEDMBEXFEREED A — X —ORFBBIET I 5B LA YA XELELE LD
EIExHEL TR L.

—HEEOWTE xR — I A% —Fic T By 2 — F - LARER TR LCRET ST
BT 5BMY b - CTEBROBROUEDPE ORI L ED 5. BE 3545 ThH5.

7)) A—2-—DR$tLva—F—DORFO—KEHRL, BRMY — I 2 X —RRCHEBR O
HEHET L CNELXBBTS. BCEDEMI LCKEEZE T Lk LT 3—5 EEIEY E
T%. HEXLTHBLHER»OTHRVEBEATE S LCRICHET 25K % 2030 FEET LT
= I AR -DEmEY “LITEV LTHALREXILILD 5.

8) LHEOBIWCOWTORMEKTH, BOMY — I A% —CEEOWEY T CHEALHAN
ChEERT 5.

T — X

Bl REEBBON VXV ERICOWT40°C TRIE LR (Fig. 2ma, b Xt Table
I)

F—DEE EEE/VEE, UTEAL) oW 3ERE2RELI R R LV a2 — F—icEhe
5& Fig.2-(a) o2 L& F+— 1 2ELN S, ThARIIUDHEY — 3 A X —LMICE OIS
O TEDLRELHEREL LTCEThThs+— b ETORBYRDSL. it/ FAxHL
BONCEBEL VIELTRBE TS, REECOWCESY RS (Table 1), z hx#tinc B
B, BEcBEY L T ey FLcs 5 72 Fig.2-(b) T oEHOAELN T LD k TH
5. ERCIBE/NIRIKCX 5T k HERD.

D kEXEECEFR S A—RECS W CRI—EHIR CARYRT DT, L - TH
ZDRIBEEFCOWCHEADRED kb kD> TxTE (Fig.3) chix AL TRmpBoRTF
Y- FOHBHLHICENVRBENRDOONGFELXMBILNTESLITTHS.
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| (44.04)

E(48.80)

(49.04)

11

(37.32)
D(37.20)

L (37.20) k

(25.20)

C(25.36)

(25.12) L
12.68) L ‘ ox

B(72.80) ! Bengoic acid in Benzene
(12.80) k at 40°¢C

_ (5.3¢) Chart Speed 5™ .
A L_ (5.36) Cone. [ A:1x1072
. -2
— : oty
| | pi7sxi02
| E:1% 707

( ) Graduation

Fig. 2-(a) Chart of Recorder

Table I Experimental value

mole Concer}t A B C D E
Taton 1 0x10-?) | (2.5x10-%) | (5.0x107%) | (7.5x107%) | (1.0x10"Y)
Graduation 5.36 12.68 25.20 37.32 49. 04
of
Recorder 5.36 12.80 25.36 37.20 48.80
k=980 5.36 12.80 25.12 37.20 49.04
mean | 5.36 12.76 25.23 37.24 48.96
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~ w EN
(@) (@] o

Graduation of Recorder

o

T

1 L
1.0 2.5 5.0 10 X102
Concentration
Fig. 2-(b)

Table I Gradient Values

(k) of Benzene at each Temperature

Standard
w a-Naphthylamine Benzil Aminopyrine k (mean)
Temp.
30°C 1572 (9377.2) 1502
1612 (9377.0)
1643 (9378.0
35 ( ) 1643
1643 (v )
40 1740 (9374.0) 1796 (9373.7) 1680 (9374.0) 1721
1756 ( n ) 1792 ( n ) 1560 (9373.8)
=0 1860 (9359.4) 1846 (9359.6) 1924 (9360.0) 1875
1843 (9359. 1) 1892 (9359.7) 1885 (9360.7)
60 1992 (9366. 6) 2044 (9366. 2) 2032 (9367.0) 2040
2024 (9366.5) 2068 (9367.0) 2080 (9370.0)
70 2044 (9375.3) 2272 (9378.6) 2217 (9381.0) 2205
2153 (9375.8) 2273 (9380.0) 2268 (9381.0)

( ): Graduation of Resistance
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6. REBERGSIUVER

1) #EECBFIIZIRVEVD kZDOWT !

EH— I AX—BRHANCTEERECRTIRVEYD B #RDDLDICKDERYITL - 1.
THbbRESEYFRbRVWEEE LT a-F7F L7 Iy, XV, 737EY vEED,
30°, 35° (ZOMFIZ~N v LA DAR) 40° 50° 60° 3k 18 70°C kit BHAKERT % 5 EHD
BELOWTHEIEL, TOBOEBOOEERZTNTEPFECTHUELT bk ZRDILETA

= 70°C
. A
200 - " 60T 1onpo
-~ 50°C
---- 40°C
---- 35T
- 30°C
IS
L%}
=
IS
I
(&
9
N
Q
c 100 B 41000
.9
~
$
N
N
G}
0 | . .
1.0 5.0 10.0 x10-2
Concentration

Fig. 3 &’ of Benzene at each temperature
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Table I DR »E7-.
EEZLBAABRELRE LML TW5. o3 Table I wkiF s () HOKELR
EREDFAE A - Z—DEBFOBHIETHH2, I %L 9360—9380 DElicksEF 5T\ 5. %
BDR7YRIROLND I THENNRIFLAEED HEY — I A X — OEEHIC OV 5B
BHORKEZIOWBMA DECILBEFENLOND X 5D T OBREIIZBLEL DI .

2) NvEvo kRELREEOBRE:

Fig. 3 RAREZ L oARLHECF v+ — tOHE (WERERSIVCHABOBE X - TA

ZSOOF
./
2000 |
A
1500 : : ‘ ' ‘
30 40 50 60 70
temp. C

Fig. 4 ‘B’ vs Temperature of Benzene
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F=NF =R —=FTBLLENBHDBIDF v — PORERERI—ETRAENTRT 64" KBELTh
2.), BECBELYELE T ey P LEADTHIXBRPNZRETUELILOTEDREDD T v
y PIRERLTHD. SR DIRE LR S AR X ) BHREC L » bl T DIRED
LIZ—EDOAR k ZRHOERE N VEVEFOROEBEERE LTHCRE, XvEVERE
LTHIEL 5 2B RAWBEOGTEDOBIEN AL bl TH 5.

IHhicz o k Exfthic, BEXHEECE > T ey FLELEC S (Fig. 4) &R 30°C i
B THEPDOTHE R MUINISITERINC £k EEAEZRLE. ZOZLIXEAYy— I A% —
A CBRIAE KR 25—70°C Y THHEZAMD, MEHBROEEOBRICHL — I A&
— DL LTHEEYAE UL DEELLRS.

3) RABEBHOLEIZONWT : .

¥FTREEMHD 107°—10"" mole ~X v ¥ vEKICOWTEIEDHEIC Lich o TEKERT %
WEL, BROEBIECX )RS vEVYD b EXAG (10) RicLicti- T “Bhdos T8
M” #HEHL,

e

DX (4), (5) RT LN -TLEEE a BIVLSETFHEEK K Rkoicd oat Table II
TH5.

Table I Degree of Association of Benzoic acid in Benzene

Temp. °C Ben};ene Benzoi}f: acid M « K
30 1592 884 220.0 0.89 205. 8
35 1643 893 224.7 0.91 310.0
40 1721 965 217.8 0.88 175.7
50 1875 1068 214.4 0. 86 122.5
60 2040 1240 200.9 0.78 49.6
70 2205 1388 194.0 0.74 34.3

ks (5) X C RRBOBEY HFEELTORVERELALROBETH IR EFERD
BEEDBEEZOWTLRELF +— F DEHEEL OO 7 7 7 ITEREL L D R EEFIBI R BT
LTWBDT, EOREYE - THLIVhITH22, HEE C=0.1 2#,CHELLLDON
Tablell © K TH 5.

@ a DEELFHEITDOWT

EEOEAE LTREDO ER L EICENFTOFTFE M B3P LT 508, ThilsyTEE)
NERCIL DI ONTEDOBEER = 2 NV F - DL /DD OKEEEDO=XALF L h LD
LD FOEEGENBIT IO THURDERTHS. L TELAE a L ERICLDIZ
EWRLT 30°C AHEIRBWTIR 0% DG FERANTiebhTHhaZ Eikied. L
Fig. 5 THHAL T &K, TOLEERXREL L R ACE LAY, 30°C ff:820 90%
BB 70°C fHED 70% BE X TP Len AR Y OERZ#GTTRL TV .

@ K Dfils X0 dH & A4S izonwT
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a ® K
4300
1.0F 1200
05 4100
0 ! L 1 ! 1
30 40 50 60 0 °C
Temp.
— i P
Q---:K

Fig. 5 Temperature vs. @ and K of Benzoic acid in Benzene

SEE a LRAREEO LA L LI K OB L5, ChIZSEEEENBED LS
EEDBREDEELRBT DD TURDERTH 5.

ieiiic 1T (K) %, #ithhic logK #& »C7 =y b Lich st Fig.6 Thrzanzos
7 7 EEERYRLEOERYBERTCHE LR E log K (ftlh) Lo 0Bk sI0T
DEROHARL D &EGH AH inbNCef=y i vt — A4S R RDBENTESLD. 1721
FEREZTRSTERDL LA EFRU EOEENSEERE T/ 70 L CMET 2 2 LizEx
HREL I TEBEEEL TRV DOT, B/PNITRECY 5 TROESEY (7)) XoRALT
(7) %fB%. zhat Fig.6 OEHTHY Thbbai B 13 2295, B4 A 13 6.14 Th5.
Thibd (8), (9) N Lt CatER T iR, &&8 4H=-10.5kcal/mole, £&
&=yt e — 4S=28.1cal/deg. mole. %7, AR DEILT — 2R LOFDMEL bz
LCEBEEbRB 30° 40° 50° 60° X8 70°C O5 Sx ko TRDLDTHS.

log K=6.14—-2295/T -........ (7"
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2.9 3.0 3.1 3.2 33

x1073

VT
Fig. 6 1/T vs logK of Benzoic acid in Benzene

. # R

NV EVERFCRBWT IO TFEEXTL) 2B~ abN TO 2 REBTRCOWTED
EBERIVLETFHEEENEEBC L - T ED X 5 etk L2 R THBRE LN 5 BAYT 30°—
70°C [H oD 6 BOMREI DWW CTER YA HEE, UREEHACSLTULRE 70-90% o4&
AERALI. BRREKREHRCOVWTRRE LA ONTEEEORE AN T IZITE
BMERL TR VBRI TOTFEELRBLTOSIEENS ZOKER/REGXTFEU LICHBE RS O
ThBEEZLND., ThIOBEDOLSEEILH —10.5kcal/mole. &&=V F » ¥ — (3§ 28.1
cal/deg. mole. TAHAED® P —9000cal & i2iT—FKLic. 7ol ARERITEA LRI
LR O LA DIE Yy FRBTRUTOFEBR TRELEZZEETIIX ) X SERREFY
RL, Lich o CTHIGHEROTMEEL OTHIX D LAUREE L BN S.
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