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1-1 &8

BEAMRE2 228U ELOBHAHMBNICREIE AL EIRLETIMET,
WL YA~ dHERE, RERT - YREBORFICERAVWON ST
wDTEL, HRPORSSFHOMEERICERICHMELTWLIOT, B
OWE, REICHLEELZLOTH . BEROMEBRZLUMILSTORTRTINVWS
B, EOB 2R RBRICHTLSIDHOTHS.

AWETIE, 7ERZFUN, PLA-N3E8U2RABHOBERB LU
NEPOHMREINEIRTRBBOREGHE2CRVWLICTHELE. FRHL
ﬁﬁuu—x~9®947ﬁ,hmnéw%ﬁmbﬁgﬁﬁm@xuu-x_@
LELSOTHD , NagataKazund he KD BMIESRESDOTHS. cOATY
— XA - OB EROICT - YE2BELMTE, T-FYOHEDBRWATS
3., REREBOBREICE, RELRCALWLATWAERY Y Y-y JUAFY
FREHWT2CTHW, HEORWI L 2BRBELAE., 20%, UTOBHOR
ST -y 5Bk, WELE2RARBROIARTHS.

[No. 1] Acetonitrile(l)-chlorobenzene(2) at 25 °C

[No. 21 Acetonitrile(l)-chloroform(2) at 35 °C

[No. 3] Acetonitrile(l)-ethyl acetate(2) at 35 °C

[No. 4] Acetonitrile(l}-methyl acetate(2) at 35 °C

[No. 5} Methanol(1l}-acetone(2) at 25 °C

[No. 6] Methanol(l)-chlorobenzene(2) at 25 °C

[No. 7] Methanol(1)-chloroform(2) at 25 °C

[No. 8] Methanol({1)-tetrachloromethane(2) at 25 °C

(No. .9] Ethanol{l)-chlorobenzene(2) at 25 °C

[No. 10] Ethanol(l)-tetrachloromethane(2) at 25 °C

[No. 11] Methanol(l)-acetonitrile(2) at 25 °C

{No. 12] Methanol(1l)-acetonitrile(2) at 35 °C

[No. 13] Ethanol(l)—acetonitrile(z‘) at 25 °C

[No. 14] Ethanol(1)-acetonitrile(2) at 35 °C

[No. 15] Ethyl acetate(l)-cyclohexene(2) at 25 °C
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SRR RDIZRTHS.

[No. 16] Acetonitrile(l)-chloroform(2)-ethyl acetate(3) at 35 °C
{No. 17] Acetonitrile(l)-chloroform{2}-methyl acétate(3_) at 35 °C
[No. 18} Methanol(1)-benzene(2)-tetrachloromethane(3} at 25 °C
[No. 19] Methanol(1)-chloroform(2)-acetone(3) at 25 °C

[No. 20) Ethanol(1)-benzene{2)-tetrachloromthane(3) at 25 °C
[No. 21] Ethanol(1l)-ethyl acetate(2)-cyclohexane(3) at 25 °C
[No. 22) 1-Prppanol(l)-ethyl acetate(2)-cyclohexane(3) at 25 °C
[No. 23] 2-Prppanol(l)-ethyl acetate(2)-cyclohexane(3) at 25 °C
[No. 24] Methanol(1)-acetonitrile(2)-benzene(3) at 25 °C

[No. 25] Methanol(1l)-acetonitrile(2)-chlorobenzene(3} at 25 °C
[No. 26] Ethanol(1l)-acetonitrile(2)-benzene(3) at 25 °C

[No. 27] Ethanol(1l)-acetonitrile(2)-chlorobenzene(3) at 25 °C

1-2 EBHE
EBREXEOEMEAFie. 1-LIcRY. KREER, REFBALRARELZR
BT 58— RIEEW B, »6TETWS. B REREMB, /-Yrra_y
FEWR, B~ REBHOBEARERTHLOORANKERGTHEZDICHITS
hTws. ERECEEHEZ, BEaY -5 F,F, RTEDTbRTWS.
2k, MAOBEATW A~ T 5D, HiEZAVS. B-REAMOR
i, 73— YUY —F X~ (Hewlett-Packard®, 28048 ) ZAWT SN, B
wﬁﬁkﬁtfimwl@MW@ﬁETﬂﬁénrwézt&mﬁLt,it.
HEENOBRER, -3 X9 (ZREFH, NSLB) ZAWTREENFRS A
YTYY G rHEE H £EoT, La-¥ (RATHESY, 3056) I, iR
ahs. '
BHRERGLER, RBZHETSEDR, REEEROL - I~ ARORHE
ERELERFES (HAERY, 2553) IroEREFRG6N, EOEBRRME
ERMETHRDOY AT -~ EKWERKEINTWE, &%, 7-YVTEYa- NI
&, EEARES (X bo=y AW, 5920) LABEEhTW3, BEREND
BEBBICRY-S XY (ZHETFH, ISLB) 24W, KMZRELEAROEE
ZiLzlLa-¥ I, KRBT 5. AEKERTOL/100 CURAOBERELI L2
—YORT - NVEDSGBUTEL LS L EZ>TNSD,
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G, Gy
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Fig. 1 - 1 Schematic diagram of apparatus

A
E

calorimeter; B1,B2 = water bath; C];C2 = stirrer; D = pump;

cooling unit; F],F2 = temperature controiler; G],G2 = wheat stone
bridge; HI’H2 = amplifier; I],I2 = recorder; J = D.C. voltage current

standard; K = timer; L = D.C. current supply
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1-2-1 B&akE
BaEBoHMMB4Fig. 1-2() IKRT. REXERX, Yya7-HA, EB,
EIRSBERC, KEFTHBD X byalby FPERGHBRIATWS., &2
LEHR, 7IVVHMET, HlAMNT, 2BFMERRZO TWS., £k, o2&
BEOHEXKICE, PAIaA-Mh, ZERZbYN, TAFNERTLTARESELE
h, BROAZNWO -1 ¥ (Dupond B, Karletz)dfEbhTWn3S. '

Yay-BrEORMEAFig. 1-2(b) IcRY . H#d, Tanaka 633), Nagata
&hmﬁﬂkﬁéﬂThéwT.ﬁﬁtﬁﬁTé.?n?—ﬁﬁ,ﬁ?%ﬂ?.

ML RO, EE_EEII 2o TBIHRECREH Ay I VEEINTNWS.

B, MEREHNE C, LENREERRILTYTFUADOF IRV THS
RTWa. 2, Blcit, - 9yHs0nWiY -3 X5 (ZHETFH, NSLB) DA
D EHBWSBUEV, 7-Y Y TEPa-AP, BEIJORWAHBRHERI &
ZhEERABK, WBUL, KBE2E LDy MY, BIFF6HRTNS.
E- Y BB L TERAE DD ENWT YT VBEN SRS EDIRDO
THRTB), HEABRRHSHREATREZRTWS. ¥ - AYOERR, 25
CT#I5 KQT, Y-S XY QHCMBEOEEFRBALERILIORY - AY K
WRABHRETEBEIINELLE, KBHy TOKRE, BIAFTEHB2KS
PAESBLTWS, Va7 -HAROBRAERT 52D PARINBYE %
BT THEIETWE., b2, BFEEZOKREVWEARICALTRERE:
BLTAEDLREEHMAIENTWS.

1-2-2 #®EFE
BREEBAEANTEE, Va7 -~ BAKERICHFRL ZH 203 (60 cc )
EREEARTOBEAL, BRACERYESRZVWLIICEEZT S, B1IRS

BEORIKEEANEO LIS IHALEALTRET S, &1, KEIHE

KBEMAS. 20K, BAREA=HWIEEL CHAMANICRETS. ELT

Va7 -BAOBRENHTEEICRALSCHEL, BE-EOREE LI ¥

FleRBT 5. CREATEIAVEBAZ LICT 5. MBOBREREZ, ATL

ESLTIRABBHRMRT IBSLRBTEIBALTRRLEYD, ThEAL

BB TRT.

I 24 5 38

LR R4 EEXY, ChRiCEDET 2B BZEI-YTET2 - MITLD

RELTITHHELESEBNOBE2ERITOERI A v Ic—REN S,
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PP e

AT A A AR IR R

Fig. 1 - 2(a) Schematic diagram of calorimeter

-
n

Dewar flask; B = Teflon plug; C = feed bulb for second component;

o
H

mercury reservoir; E = piston burette
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U or V—l

Fig. 1 - 2(b) Schematic diagram of calorimeter

Dewar flask; B = Teflon plug; F = Viton O-ring; G = Kalrez O-ring;

baffle ; I = stirrer paddle; J = Teflon-coated magnet;

stainless steel stirrer frame; L = stainless steel. stirrer support;

= =" T >
n

feed tube; O = stainless steel heat

i

stainless steel mercury cup; N

sink; P = cooling module; Q = copper cooling plate; R = copper cooling
rod; S = Teflon washer; T = air vent sealed with Bakelite screw and
Teflon needle; U = thermister; V = heater in brass tube; W = glass or

Teflon joint; X = brass collar
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BANAFY VAN NEZE- TV 27 —MAREAShBAEN S, EAE
EEREASEAOBESEY LI -YieEbh20TBELLIAEL<ZERV
L lmEd 5. '
SENOEARIELEBL-FORL v FEAD, KENY TOKBERED
EMEE T E LY THEAZLEDS. '

I L -5 L BBLTWEFYINTIL LAY Y —lckD -y DBEEMt %
BEL, mEQERRICEDES. |

Q = I°rt | (1-1)

coT, TR -YORKHE, rixt -y OERME
SESEBNOBENEET A VIZRIL S Ick - Y THELER, BAZRE
£1RAOE n, RARTBOKBORIBEINKDOONE. MELD, BEK
HRRITEDRDBEN B, :

h = @/, | (1-2)

BM AW

1R AR EEXY, BRBLREAIETBORLOE-YDASI v FEAR
TBEL. COPEBREE - Vi kaBLE Y - VU TET2a - MICE>THTH
BMLUEESA Ve —-REH5.
DEEN—KLER, BIESEEA, BESES. ARKHEPLHARTS
- VDAL F RN EOEDIE B 2%, BEK L 3RMRET
B O EOLENOBAEEAHABT S, 20K, RATEROBERY» L -
FicEbh 3D THERLSAEL 2E6ZWEICMHET 5. |
LEMDEARICELEBL - IDAA vy FEAR, KBHY TOKBERED
HEMWMETH &L, BAXLEDS. |
40013, BMBED 4.,.5.,ALTHS. REL, EMBRETRDEIS.

1-3 PsEE

2B RBMORE ML, BRRS 5 VRERRCEL THBORELTED
BOELSERAEMEZTHRMLITE, Yo7 - BANRSBET Koz
BETHETS. 510, BIRDLBIRAL FAhB I TAROWEETD
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SLIREDSEREHEICDES TRAREBIILNTE S,
IWARBBROBEROATSR, ROV 27 - ERRB2KHBER (A, B,
C) #Ah, CThicHMEIEZMX T AEIREIDTbh A, Fig. 1-3izi%, &
FANTIACHKOERETRLE. SITL, 2, 3k, 3SRD%MET 5D
£%%FbT. A, B, CEAIZ, RO2LHMAIPERIB2HRAOBREWERL
Twa., £7, SFAYLERAKICb R LI, R2AIREWOUMBER
F2DENDET0.75,0.5,0.25 L LA, SKORDESGHROBER, KOHE
BoMEIL 3.
a1 KRR :
 H2HORAMAZWELT, Va7 -FRAKLANS. ThiB1RIEH
FORDT L EZMRATITL. Fig. 1-3BWTA->1RECH-TA>1OF@EIKR
HEUBRETHS. E1BRIYRTISNI, RBETENOBRAICHESTIRATD
5. LED-T, 3SHARREAWD, 1ENF, B L, x, ELERI2 LR
AILOW2HARBEWA(LxVENLERBAELABHTRE N, 3RS RE
AMOREGMIEROEDIIRD.

b = (W y)p+ (1= x)p b, (1-3)

22T, (B D R2RARBEWALBES I LEZB2HARORERTS
5. RoRARBAMAORSRTHS. BEDIX, SHARRAWD 2%
bLTWw3a,
B oEIEE, %53 B

BEOLD, B2RABEWALCHKS 1 2MATIRSRRAWERZHANT 5.
82, SRRORARUSIBBRORAKIZETHSED, TORSWEDH
RRHEMTRTLEADE I RS LOEAFETIELZELILTE. 2O
REWEZNELTY 27 -BABAKANS. ZLT, BIRITEFOMES
1%MRTIT<. Fig. 1-83IcBWTA-» 18 EICH->T, E->FICHEURBETH
5. BoBRIRTTIAE, ROBSBOSHEOBRRIHEETIAFTSHS. L
EHoT, 3SRIREBESHFE, LEME, BRI L1, 3 ENERS2, (X)) %

VERBRAUERBBETTREh, SHORBROREGRIRDOL>CRB,
E E _
hp = (B p + (1= x))p By + (1 - xp) By g (1-4)

zoT, (E ), BEREOMEICINBONBRER (), Bl
BEOMEICLNBONIRARTSS. Xy B2 BBOMEICENEAZR

19~



Fig. 1 - 3 Experimental procedure for ternary systems
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PErZbPUYIN, RELEE, BEAFN, JuaRyEy, ¥y 70nFH
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%, HEEEICIVREY.
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HMAKTHBLE., TLT, WABKEEF YT ATEKE, MERETHN,
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BUEEHBICEKEBRAY Y LM BR) HEEEIC LD MY, |
REEBIEREEONBROERTAMEETSD, REIhIHEFIRIAES
o, BAL2OFTIAMABCTETEN, TEWIZWE R T vV AHEDNcKahon
N F U7 ERANWE.
EHPBOBEOHEIIR, FYINF Y F 4 A—% (Anton Paar$, DHA40)
EBWT5CTHN, BEOMTEILME LB —KLE, ZORBOHES
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1-5 PEBREOBME ;
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BIA (BAEZ+4Imol™) T—HLE. 37, BRICEEENSERVE Y-
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%%%f&éauu&yfy—bw;y%(%%»%$Tﬁ—uwmd4)T.

BAERIZE0.5Tm0l THY , BEORWT LEEREL .

1-6 HMESHR :
1-6—-1 2HRORBBROBREH
CBRARBBORGHBRDOMEL R, . (1D OKEBIHERX K LD X A -
Zitahz. Table 1-1 cHEME, 260, HrOMEHEIBIII5EELD
EEFRLE.

R _ i-1

B iz& Ai(xI xJ)
IJ © 1 - k( (1-5)
Xy = xJ)

2T, Ay, KRBAZRERIDREENRENTIA-FTHS. k=00FK,
Eq.(1-5)i&, Redlich-Kistersic2 3., £7%, k0O, Ea.(1-5)i&, »% D
BB ELEETETS 5. Table 1-2(@ICNATA-FOHELERFEE %
FLE. BREZRRRPSHHIRE,

a® = \/igl (h§,ex_ptl - h?,calod)zl(m - n) (1-6)
2T, miAEF - YO, niENIXA-FOHTHS.

BEOEL kBT 320z, Figs.1-4~1-12iC 2 OEREERL . AWAT
BERABRTF - VYOKEIIE, BOMEFBCLIMLRBRBEOCERATIER -~
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Table 1-1. Experimental excess enthalpies for binary systems.

x, hE ohE x, o ShE x,  h° &hE
-1 -1 o -1 -1 _ -] -1

[—1(Jsmol “][Jd'mol "] {—1[J'mol “}[J'mol ~} [—I][J'mol "}[J'mol ]
[No. 1] Acetonitrile(1)—chlorobenzene(2) at 25°C
0.0412  91.56 -1.0 0.5635 574.0 0.8 0.8207 380.5 0.1
0.1148 222.7 -0.2 0.6180 562.0 3.7 0.8696 303.0 -0.4
0.2081 383.3 -0.7 0.6868 519.1 ~1.3 0.9172 212.86 0.6
0.2980 465.7 1.4 0.7207 492.5 -1.1 0.9565 121.3 0.3
0.3886 531.7 -1.8 0.7689 445.2 -0.8 0.9845 46.9 1.0
0.4790 568.0 -1.7

[No. 2] Acetonitrile(1l)-chloroform(2) at 35°C
0.0175 -63.7 6.0 0.3563 -778.7 1.1 0.6355 -B15.0 -4.6
0.0550 -203.4 4.4 0.4068 -~785.9 3.9 0.6900 -527.8 1.1
0.1181 ~405.6 0.6 0.4756 -760.4 10.5 0.7645 -400.8 3.8
0.1989 -601.4 -3.8 0.5577 -711.0 -5.0 0.8766 -205.8 -0.1
0.2863 -734.6 -6.2 0.5861 -878.4 -3.9 0.9558 -70.6 -0.5
[No. 3] Acetonitrile(l}-ethyl acetate(2) at 35°C
0.0876 17.2 -=0.1 0.5218 56.5 -0.1 0.7702 44.3 -~0.0
0.1991  32.9 -1.1  0.5773  56.7 0.2  0.8239  37.0 -0.1
0.2473 41.5 1.8 0.6171 55.9 0.3 0.8713 28.2 -0.0
0.3321 47,5 -0.3 0.6280 55.2 -0.0 0.8150 20.5 -0.1
0.39887 52.1 -0.3 0.6750 52.9 0.1 0.9587 10.8 0.2
0.4601 55.0 =0.3 0.7157 49.9 0.1

{(No. 4} Acetonitrile{l)-methyl acetate(2) at 35°C
0.0644 -12.4 0.1 0.5124 -58.5 -0.1 0.7566 -45.1 -0.1
0.1575 -28.7 -0.1 0.5662 -58.,1 -0.1 0.8071 -38.7 -0.1
6.2279 -38.8 0.0 0.5892 -56.7 0.3 0.8579 -30.7 -0.0
0.2974 -47.0 0.1 0.6274 -55.6 0.1 0.9000 -23.0 -0.0
0.3627 -52.8 -~0.0 0.6667 -53.83 -=0.0 0.8320 -16.3- 0.2
0.4470 -57.3 =0.0 0.7097 -49.9 -0.1 0.8722 7.1 0.1
[No. 5] Methanol{1)-acetone(2) at 25°C
0.0391 122.1 -2.9 0.5772 652.4 0.9 0.7854 421.5 0.1
0.0782 234.8 -0.6 0.6155 £25.5 1.7 0.8271 354.0 0.8
0.1349 373.4 2.1 0.8375 607.1 2.4 0.8590 287.2 0.7
0.2183 520.7 0.4  0.6381 603.1 -1.1 0.8893 238.1 -0.9
0.3060 627.7 0.0 0.6485 582.9 -0-.5 -0.9194 177.8 -0.7
0.3818 875.9 -0.8 0.6869 552,1 -1.9 0.9510 112.1 0.8
0.4484 690.4 -1.0 0.7345 494.1 -0.8 0.9811 44.3 0.3
0.5173 680.4 -0.3
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Continued

~24-

Xy hE 5hE Xy hE dhE xy hE §hE
[—1t0+mol 1[I mol™ ] [—11mol [T mor™ ] [—11d mol ™} [T mo1 ]

[No. 6] Methanoi(l)mchlorobenzene(Z) at 2500
0.0264 | 305.1 12.8 0.5137 474.0 2.5 0.7512 236.5 0.7
0.0750 507.6 -12.7 0.5875 402.5 -2.4 0.7869 198.3 0.9
0.1513 808.4 5.6 0.6327 358.4 -3.4 0.8277 1565.9 0.2
0.2187 631.7 3.7 0.6848 307.2 -0.,9 0.8659 116.5 -=2.0
0.3174 615.6 ~8.1 0.7220 267.2 -0.4 0.9111 73.0 -1.7
0.4309 550.6 4.9 0.7260 267.0 3.7 0.9574 32.1 2.7

[No. 7] Methanol(1)-chloroform(2) at 25°C
0.0173 142.0 7.9 0.4640 -228.2 -4,1 0.8008 -583.0 2.4
0.0609 330.4 -=1.5 0.5562 -407.0 6.8 0.8687 -484.7 -1.1
0.1313 382.6 -=2.9 0.6196 -528.1 -4.8 0.9317 -287.4 0.4
0.2237 277.8 0.6 0.7021 -608.1 5.2 0.9847 -69.3 1.3
0.3007 130.4 4.6 0.7480 -630.8 -5.6 0.9965 -17.6 -1.2
0.3836 -53.0 =2.7
{No. 8] Methanol(l)—tetrachloromethane(Z) at 25°
0.0306 238.6 18.2 0.5609 141.5 -1.6 0.7833 7.8 0.7
0.0702 286.4 -5.8 0.6239 99.6 _—0.9 0.8299 -11.7 -~0.5
0.1203 321.8 -6.6 0.6780 g4.6 0.1 0.8799 -24.5 -0.8
0.1777 326.5 -0.8 0.6881 53.0 -0.4 0.8031 . -26.5 -=1.4
0.2896 297.1 2.9 0.7075 46.7 2.7 0.9437 -23.3 -1.1
- 0.3538 268.8 3.0 0.7382 31.9 1.8 0.9719 -14.7 ~1.1

0.4664 202.9 -1.1

[No. 9] Ethanol(1)—-chlorcbenzene(2) at 25°C
0.0308 325.6 5.1 0.5255 548.3 -1.6 0.7438 256.4 0.9
0.0868 566.6 -~6.8 0.5783 487.3 -I.1 0.8040 173.7 1.3
0.1652 691.5 5.2 0.6074 453.4 2.1 0.8620 104.4 -0.3
0.2648 731.2 -1.9 0.6217 427.4 -5.0 0.9172 49.2 -1.9
0.3713 683.9 -2.3 0.6451 396.1 -4.1 0.9664 14.3 2.1
0.4581 625.2 4.4 0.68905 332.8 ~1.7

[No. 10] Ethanol{l)-tetrachloromethane(2) at 25°¢
0.0206 230.4 18.5 0.3921 327.2 -2.0 0.7101 41.3 0.6
. 0.0389 303.8 4.6 0.4728 258.4 -2.1 0.7645 0.9 -0.4
0.0624 353.3 -7.1 0.5344 200.8 -1.9 0.8201 -28.7 =0.5
0.1024 402.0 -=7.5 0.5822 154.8 -1.8 0.8790 -43.3 -0.1
0.1705 430.0 -1.0 0.6204 121.7 1.6 0.9107 -42.6 0.0
0.2243 426.,0 2.7 " 0.6364 106.5 1.4 0.9503 -32.1 -0.2
0.3313 378.0 5.4 - 0.8737 72.3 1.0 0.9799 -15.8 ~0.2



Continued

E E E
Xy h Sh Xy h

-1

ShE X, hE

1

[—1[Fmol ™ 1[J'mol™ 1 [—]1rd-mol Y1[F mol 1] [—1(J+mol”}1[J

{No. 11] Methanol({1l)}-acetonitrile(2) at 25°C

0.0236 139.6 -0.3 0.3705 1020.8 0.2 0.7533 761.2
0.0478 269.1 -0.6 0.4300 1097.1 -0.1 0.8470 528.4
0.0730 391.4 0.1 0.5326 1068.0 -1.0 0.9338 252.2
0.1261 607.5 0.6 0.6042 1006.6 1.1 0,9781 88.5
0.1998 827.5 ~0.3 0.6542 940,99 0.3

[No. 12] Methanol(l)-acetonitrile(2} at 35°¢

0.0222 132.5 -0.1 0.4736 1146.6 -0.2 0.8167 642.5
0.0603 334.3 -0.8 0.5548 1104.9 -0.1 0.8988 391.9
0.1091 553.3 0.5 0.6188 1038.1 0.4 0.9328 271.4
0.2204 902.4 0.4 0.6574 983.3 0.5 0.9663 142.1
0.3486 1104.9 -0.4 0.7362 837.5 -0.4

[No. 13] Ethanol{(l)-acetonitrile{2) at 2

5°C
0.0230 178.6 -2.2 0.4288 1500.6 -1.5 0.7301 1158.2
0.0683 488.4 -0.9 0.4711 1509.0 0.9 0.8180 884.8
0.1336 841.2 1.4 0.5062 1498.1 -1.2 0.9152 477.0
0.2253 1184.3 1.1 0.5603 1463.7 1.8 0.9585 248.6
0.3263 1405.5 -1.0 0.6441 1348.8 1.1

[No. 141 Ethanol(l)-acetonitrile(2) at 35°C

0.0168 135.5 0.0 0.2988 1414.8 -0.9 0.8018 997.3
0.0375 288.5 -0.7 0.3969 1552.7 -0.3 0.8827 665.0
0.0731 527.2 -0.4 0.5057 1574.1° 0.6 0.9231  462.3
0.1205 796.9 0.4 ¢.6015 1488.4 0.1 0.9618  241.6
0.2058 1162.2 0.9 0.7003 1301.7 0.1

[No. 15] Ethyl acetate(l)-cyclohexane(2) at 25°C

0.0464 314.6 3.1 0.4683 1367.5 -0.5 0.6786 1156.1

0.1207 692.8 -1.8 0.4898 1367.8 1.2 0.7535 978.7

0.2030 992.7 -1.1 0.5061 1360.8 -1.0 0.8143 793.2

0.2915 1206.9 .0 0.5434 1341.9¢ -0.1 0.8758 569.8
1 ]

1
0.3835 1331.6 1. 0.5922 1295.1 -0. 0.9377 306.3
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Table 1-2(a)

Coefficients of Eq.

{1-5) and standard deviations

System(1-2) Temp. Coefficients [J+mol "} Standard Ref.
[°c] deviation
Ay By Ay Ay A kK (gmol”
Ag Aq _As =1
Acetonitrile- 25 1776.29 629.42 238.09 -37.85
benzene 1.6 23
Acetonitrile- 25 2295.42 253.98 138.79 68.80 305.22 :
chlorobenzene : 1.6 This work
Acetonitrile- 35 -3024.256 1381.29 226,07 -107.36
chloroform 5.3 This work
Acetonitrile- 35 225.42 38.66 22.03 -13.76
ethyl acetate 0.8 This work
Acetonitrile- 35 -233.54 -17.79 1.01 -16.58
. methyl acetate . 0.1 This work
Methanol- - 25 2742.91 -483.34 131.61 -22.28 :
acetone . 1.4 This work
Methanol- . 25 4344.82 -826.48 781.85  -230.57 33.61
acetonitrile 0.7 This work
35 4555.11 -813.61 680.72 -113.21 67.53
0.5  This work
Methanol~ 25 1935.42 -1796.61 2016.04 ~1744.54 -3697.74
chlorobenzene 3737.13 7232.80 -7396.14 7.1 This work
Methanol- 25 -1202.27 -4705.87 -1965.98 -1194.11 2335.09 -0.4301
chloroform : 5.1 This work
Methanol- 25 732.77 -588.62 -811.73 -465.11 -0,9284
tetrachloromethane 5.6 This work



—Lz_

continued

System(1-2) Temp. Coefficients [Jemol~l] Standard Ref.
[°c] deviation
Ay Ay Ay Ay A5 ko rmer™y
Ag A7 Ag [—]

Ethanol- 25 6006.93 -731.43 1034.30 -200.45 273.02

acetonitrile ' 1.7 This work

35 6302.37 -673.91 1071.47 -96.25 127.63 '
' 0.8 This work

Ethanol- 25 2310.79 -2129.62 1436.67 -2424.80 -2414.78 ’

chlorobenzene 4038.10 5634.93 -6450.23 5.1 This work
Ethanol- 25 25640.22  2059.50 586.16 472.64 -0.9761

cyclohexane 0.8 14
Ethanol- 25 5069.42 -580.27 1188.85 -523.07 7

ethyl acetate ' : : 12.4 15
Ethanol - 25 941.37 -997,.33 -1234.53 -387.81 ~0.9333

tetrachloromethane ) _ 5.8 This work
1-Propanol - 25 2328.89 1197.37 -298.37 286.81 -0.9853

cyclohexane 2.6 14
1-Propanol- 25 6034.21 -880.55 960.17 - 93.10

ethyl acetate 6.3 7
2-Propanol- 25 3199.56 2086.92 -338.32 155.562 -0.9760

cyclohexane ' 2.2 13
2~Propanol- 25 7102.33 -341.47 1046.44 -93.98

ethyl acetate 6.9 5
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continued

System(1-2) Tgmp; Coefficients [J'mol_1] Standard Ref.
7Cl deviation
Ay Ay Az Ay Ag ko emel™l
Ag A7 _Ag [(—1]
Benzene-~ 25 460.05 21.26 37.49
tetrachloromethane 0.2 23
Chloroform- 25 -7660.51 -2390.43 923.65 876.96
acetone 2.0 22
Chloroform- 35 -765%.29 -2110.91 1113.63 644.08
ethyl acetate ‘ 5.9 25
Chloroform- 35 -6296.50 -2101.20 566.50 574.50
methyl acetate 1.7 25
Ethyl acetate- 25 5455.13 -578.37 563.60 -484.78 348.01
cyclohexane ‘ 1.5 This work
Table 1-2(b) Coefficients of Eq.(1-8) at 25°C
System(1-2) Coefficients [J_l'moll Ref.
) H ¥ H ¥
Al A A A AL A
Methanol-benzene 4.0084 2.4775 -0.2986 0.4673 -0.0729 0.0560 11
Ethanol-benzene 3.2733 2.1376 0.2564 0.6895 -0.0321 0.0388 11
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Fig. 1-4

Experimental excess enthalpies for acetonitrile(1)-chlorobenzene(2)

at 25 °C
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Experimental excess enthalpies for methanol{1)-acetone(2) at 25°C
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Fig. 1-6

Experimental excess enthalpies for methanol(1)-chloroform{2) at 25°C
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Experimental excess enthalpies for methanol(1)-tetrachloromethane(2)
at 25°C
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Experimental excess enthalpies for ethanol(1)-chlorobenzene(2) at 25°C
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at 25°C
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and B. ethanol(1)-acetonitrile(2) at 25°C
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Fig. 1-11
Experimental excess enthalpies for A. methanol(1)-acetonitrile(2)

and B. ethanol(1)-acetonitrile(2) at 35°C
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Experimental excess enthalpies for ethyl acetate(1)-

cyclohexane(2) at 25 °C
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Table 1-3. Experimental excess enthalpies for ternary systems.

Xy Xy —hE 3 X —hE Xy Xy -hE

(=] =1 Wml™] (=] (=] w1 (=1 (=) [gmer”l

[No, 16] Acetonitrile(l)-chloroform{2}-ethyl acetate(3) at 35_00a

xé = 0.2526 xé = 0.4972 xé = 0.7491

0.0408 0.2423 1118.9 - 0.0264 0.4841 1836.4 0.0542 0.7085 1505.5
0.0813 0.2296 1010,7 0.0876 0.4636 1707.5 0.1244 0.6559 1413.7
0.1464 0.2157 900.2 0.1097 0.4427 1583.2 0.2609 0.5537 1205.3
0.2009 0.2019 798.5 0.1529 0.4212 1461.0 0.3756 0.4678 1005.7
0.2580 0.1875  £958.6 0.1970 0.3993 1338.3 0.4465 0.4146 877.0
0.3143 0.1732 606.4 0.2526 0.3716 1197.1 0.5057 0.3703 768.0
0.3705 0.1590 520.8 0.3085 0.3438 1059.0 0.5561 0.3325 675.1
0.4260 0.1450 442,72 0.3868 0.3049 879.5 0.6000 0.2997 594.2
0.4875 0.1295 362.3 0.4639 0.2665 - 716.7 0.6383 0.2709 537.4
0.5475 0.1143 291.4 0.53100,2332 586.6 0.6806 0.2393 462.1
0.5968 0.1019  238.9 0.5843 0.2067 491.3 - 0,7177 0.2115 397.56
0.6293 0.09836 207.1 0.5994 0.1992 465.8 0.7418 0.1934 356.4
0.6601 0.0859 178.5 0.6492 0.1744 383.9
0.7178 0.0713 131.0 0.6884 0.1500 310.86
0.7508 0.0630 107.0 0,7343 0.1321 260.9
0.777% 0.0561 88.8 0.7662 0.1162 219.2
0.8015 0.0502 69.2 0.7870 0.1059 193.8

10.8222 0.0449  57.9

[No. 17] Acetonitrile(1);chloroform(2}—methyl acetate{3) at 3500b

xé = 0.2505 xé = 0.4827
0.0737 0.2321 864.2 0.0715 0.4575 .1402.3
0.1619 0.2099 745.7 0.1311 0.4281 1275.2
0.2224 0.1948 670.3 0.1858 0.4012 1164.5
0.2837 0.1794 5988.6 0.2421 0.3734 1055.3
0.3442 0.1643 532.0 0.3070 0.3414 935.6
0.3996 0.1504 473.8 0.3742 0.3083 817.6
0.4476 0.1385 ~ 426.3 0.4364 0.2777 713.2
0.4945 0.1267 381.7 0.4955 0.2486 619.4
0.5472 0.1134 333.7 0.5474 0.2213 540.3
0.5798 0.1053 305.1 0.5833 0.2053  487.9
0.6134 0.0969 276.8 0.6141 0.1901 444.2
0.6617 0.0847 237.1 0.6698 0.1627  367.7
0.7014 0.0748 205.5 0.7148 0.1405 308.6
0.7340 0.0667 180.5 0.7494 0.1235 265.1
0.7626 0.0585 159.1 0.7792 0.1088  228.9

0.7902 0.0525 138.9

.0395
.1039
.1871
.2641
. 3485
.4335
.5055
.5580
.5952
0.6515
0.6947
0.7292
0.7574
0.7813
0.7988

SO OO0OOoOO

xj = 0.7426
0.7133 1337.0
0.6655 1288.2
0.6037 1206.6
0.5465 1115.4
0.4831  999.0
0.4207 872.5
0.3672  757.4
0.3282  670.8
0.3008  608.9

0.2588 516.0

0.2267 444.7

06.2011  388.4
0.1802  343.0
0.1624 305.1
0.1484  277.7

aValues of hE were obtained by mixing pure acetonitrile with

{(xé)chloroform+(l—xé)ethyl acetate} .

bValues of hE were obtained by mixing pure acetonitrile with

{(xé)ohloroform+(l—xé)methyl acetatel.
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continued

*1

[—]

%

[—] [Jemol™

hE

1

]

S

f—1

X2
[—]

hE

[J-mol™ 1)

E
%y x2 h

[—] [—] (Jemo1”}

]

[No. 18] Methanol(1)-benzene(2)-tetrachloromethane(3) at 25°C°

Xé = 0.2512 xé = 0.5085
0.0185 0.2466 280.9 0.0352 0.4916 428.3
0.0313 0.2433 357.8 (.1883 0.4135 602.3
0.0584 0.2386 430.0 0.3708 0.3206  545.6
0.1287 0.2190 489.3 0.4979 0.2558 451.4
0.2409 0.1907 488.8 0.5497 0.2294 405.6
0.3817 0.1553 422.1 0.6106 0.1984 346.7
0.4731 0.1324 357.3 (0.6589 0.1738 298.2
0.5434 0.1147 299.3 0.6948 0.1555 261.6
0.6157 0.0965 237.6 0.6965 0.1546 .259.4
0.6202 0.0954 233.8 0.7120 0.1467 243.1
0.6725 0.0823 187.3 0.7448 0.1300 210.0
0.7257 0.0689 141.5 0.7808 0.1117 173.8
0.7712 0.0575 104.9 0.8094 0.0971 145.7
0.8036 0.0493 80.6 0.8313 0.085%9 124.7
0.8247 0.0440 B5.8 0.8476 0.0776 108.8

fNo. 19] Methanol(1)-chloroform(2)-acetone(3)

xé = 0.2489 xé = 0.4999
0.0513 0.2361 -947.2- 0.0384 0.4806 -1682.3
0.0832 0.2282 -821.4 0.1009 0.4495 -1407.8
0.1315 0.2162 -649.3 0.1742 0.4128 -1160.1
0.1906 G.2015 -470.9 0.2380 0.3810 -988.4
0.2579 0.1847 -306.8 0.3165 0.3417 -816.5
0.3005 0.1741 -218.5 0.4002 0.2999 -669.2
0.3699 0.1568 -100.3 0.4805 0.2597 -552.86
0.4306 0.1417 -18.1 0.5571 0.,2214 -457.2
0.5064 0.1228 57.1 0.6017 0.1991 -405.3
0.5738 0.1061 102.8 0.6283 0.1858 -379.6
0.6135 0.0982 119.3 0.6783 0.1608 -329.6
0.6698 0.0822 132.7 0.7143 0.1428 -294.1
0.7272 0.0879 134.0 0.7401 0.1300 -269.0
0.7566 0.0606 131.3 0.7649 0.1175 -245.0
0.7879 0.0528 124.4 0.7885 0.1057 -222.2
0.8068 0.0481 118.9
0.8159 0.0458 115.8

-
Xy = 0.7508

0.0261 0.7312 376.3
0.1060 0.6712 610.0
0.2865 0.5357 ° 670.7
0.3953 0.4540 622.9
0.4918 0.3818 552.4
0.5451 0.3416 504.8
0.5966 0.3028  453.6
0.6372 0.2724  410.6
0.6701 0.2476 374.2
0.6716 0.2465 372.5
0.7234 0.2076 312.9
0.7609 0.1795 268.8
0.7903 0.1574  234.2
0.8141 0.1396  206.0
0.8330 0.1254  183.6
at 2599

xé = 0.7503

0.0098 0.7429 -1522.6
0.0496 0.7131 -1325.0
0.1178 0.6618 -1098.7
0.1911 0.8069 -952.0
0.2482 0.5641 -876.0
0.2989 0.5260 -825.4
0.3482 0.4880 -787.3
0.4006 0.4497 -754.5
0.4701 0.3976 -7186.5
0.5509 0.3370 -674.8
0.6004 0.2998 -644.3
0.6063 0.2954 -640.0
0.6345 0.2743 -621.1
0.6570 0.2573 -603.3
0.8807 0.2321 -574.0
0.7217 0.2088 -543.3
0.7436 0.1924 -518.3
0.7702 0.1724 -484.4
0.7920 0.1560 -453.9

“Values of hE were obtained by mixing pure methanol with
{(xé)benzene+(luxé)tetrachloromethane}.

dValues of hE were obtained by mixing pure methanol with
{(xé)chloroform+(l-xé)acetone}.
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continued

1 X hE Xy X hE Xy Xy h

Yor—1 =] emor™y (—1 =3 [3emol”ly

E
X

[—] [—] {J*mol”

[No. 20] Ethanol(1)-benzene(2)-tetrachloromethane(3) at 25°c®
xé = 0.2503 xé = 0.5007 xé = 0.7504

0.0395 0.2404 416.2 0.0305 0.4854 437.6 0.0201 0.7353 345.8
0.0774 0.2309 508.6 0.1185 0.4414 667.6 0.0763 0.6931 627.8
0.1315 0.2174 569.3 0.1607 0.4203 706.6 0.1207 0.6598 723.1
0.1947 0.2015 593.4 0.2291 0.3860 1728.9 0.1720 0.6213 785.0
0.2523 0.1871 588.9 0.2995 0.3507 715.3 0.2230 0.5830 814.9
0.3321 0.1671 552.4 .0.3967 0.3021 653,1 0.2861 0.5357 800.6
0.4050 0.1489 497.7 0.4662 0.2673 587.3 0,3437 0.4924 781.2
0.5404 0.1150 359.8 0.5628 0.2188 474.8 0.4331 0.4254 738.6
0.6014 0.0998 289.8 0.6123 0.1941 411.7 0.5057 0.3708 665.0
0.6432 0.0893 241.4 0.6461 0.1772 367.3 0.5691 0.3233 587.8
0.6565-0.0860 225.6 0.6805 0.1600 321.8 (.6083 0.2939 535.5
0.7011 0.0748 175.3 0.7215 0.1395 267.6 0.6293 0.2781 506.1
0.7367 0.0659 136.3 ~0.7555 0.1224 224.0 0.6350 0.2739 498.6
0.7713 0.0572 101.7 0.7864 0.1068 186.0 0.6855 00,2360 425.4
0.7983 0.0505 77.8 0.8088 0.0952 158.5 0.7315 0.2015 356.9
0.8212 0.0448 89.5  (0.8280 0.0861 138.0 0.7656 0.1758 308.0
0.8282 0.0430 - 54.0 0.8447 0.0778 120.0  0.7009 0.1569 268.7
' 0.8118 0.1412 238.0
0.8288 0.1285 213.5

0.8400 00,1201 197.6

®Values of hE'were obtained by mixing pure ethanol with

{(xé)benzene+(I—Xé)tetrachloromethane};
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Continued
Xy X, hE Xy X, hE X4 Xy hE
(—] =) Wemol™l (—1 (=] mel™ [—1 (=] (Jemel ™l
[No. 21] Ethanol(1)-ethyl acetate(2)-cyclohexane(3) 25°ct
xé = 00,2476 xé = 0.4983 xé = 0.7518
0.0258 0.2414 1335.6 0.0221 0.4872 1497.2  0.0161 0.7397 1085.4
0.0628 0.2321 1441.3 0.0544 0.4712 1648.3 0.0529 0.7121 1275.7
0.1119 0.2199 1531.7 0.0950 0.4510 1771.7 0.0939 0.6812 1438.8
0.1764 0.2040 1569.7 0.1431 0.4270 1854.7 0.1359 0.6497 1560.6
0.2399 0.1882 1558.7 0.2099 0.3937 1891.3  0.1849 0.6128 1655.3
0.3024 0.1728 1517.7 0.2892 0.3542 1861.7 0.2579 0.5580 1721.7
0.3818 0.1531 1432.5 0.3756 0.3111 1766.7 0.3294 0.5042 1725.0
0.4767 0.1296 1294.3  0.4608 0.2687 1624.9 0.4158 0.4392 1663.3
0.5574 0.1096 1150.8 0.5385 0.2299 1461.6 0.4947 0.3799 1557.2
0.6185 0.0945 1023.4 0.5983 0.2002 1317.2 0.5697 0.3235 1418.0
0.6254 0.0928 1013.4 0.6443 0.1772 1195.1 0.6057 0.2965 1339.3
0.6714 0.0814 912.8 0.6478 0.1755 1186.1 0.6260 0.2812 1291.5
0.7178 0.0699 804.9 0.7038 0.1476 1025.6 0.6729 0.2459 1172.2
0.7652 0.0582 687.8 0.7558 0.1217 866.9 0.7245 0.2072 1026.7
0.7998 0.0496 598.3 0.7932 0.1031 747.1 0.7676 0.1748 894.0
0.8213 0.0890 653.6 0.7969 0.1527 797.6
0.8418 0.0788 583.6 0.8194 0.1358 720.9
0.8700 0.0648 485.7
0.8893 0.0552 416.8

f.

{(xé)ethyl acetate+(l-xé)cyclohexane}.
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continued
N x, %X, b x; %, b
[—] =] Umol™l [—1 (—] (Jml™'} (=] (=] (I moi™')

X

[No. 22] 1-Propanol{l)-ethyl acetate(2)-cyclohexane(3) 25°¢8

xé = 0.2491 xé = 0.5008 xé = 0,7632
0.0076 0.2472 1180.9 0.0140 0.4938 1457.5 0.0125 0.7438 1069.9
0.0362 0.2401 1352.1 0.0411 0.4802 1604.3 0.0438 0.7202 1245.8
0.0890 0.2270 1511.8 0.0766 0.4625 1738.3 0.0881 0.6868 1454.4
0.1603 0.2092 1586.8 0.1253 0.4381 1856.6 0.1386 0.6488 1620.9
0.2442 0.1883 1586.1 0.1868 0.4072 1928.3 0.1934 0.6075 1744.2
0.3402 0.1644 1505.2 0.2590 0.3711 1935.9 0.2566 0.5589 1820.1
0.4456 0.1381 1353.7 0.3386 0.3312 1880.2 0.3256 0.5079 1843.7
0.4956 0.1257 1264.4  0.4053 0.2978 1790.7 0.3961 0.4549 1816.9
0.5374 0.1153 1182.2 0.4688 0.2660 1676.8 0.4652 0.4023 1745.1
0.5629 0.1089 1131.5 0.5131 0.2438 1582.8 0.5185 0.3626 1663.2
0.5691 0.1074 1116.0 0.5508 0.2250 1494.5 0.5386 0.3475 1626.4
0.6141 0.0961 1018.5 0.5740 0.2103 1429.6 0.5573 0.3331 1588.4
0.6558 0.,0857 921.2 0.6163 0.1894 1317.9 ©0.5845 0.3130 1531.2
0.6898 0.,0773 838.7 0.6606 0.1675 1192.8 0.6341 0.2756 1411.8
0.7289 0,0675 740.8 0.6995 0.1484 1076.0 0.6822 0.2394 1279.8
0.7652 0.0585 653.0 0.7272 0.1347 989.3 0.7189 0.2117 1167.5

0.7502 0,1233 914.7 0.7528 0.1862 1056.3

0.7798 0.1087 816.6
0.7993 0.1005 749.3
0.8256 0.0873 657.0
0.8518 0.0742 563.8
0.8707 0.0647 494.9

Byalues of h were obtained by mixing pure 1—propanol with
{(x ethyl acetate+(l-xz)cyclohexane}
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continu
b 4
1

[(—1

ed

X

[—1 [J mol™ ]

hE

%1

(—1

X

KE

%

(—] [Imol™l) [—]

X2

hE

[—} [J mol™

1

]

[No. 23] 2-Propancl(l}-ethyl acetate(2)-cyclohexane(3) at ZSOCh
x2 = 0.5021

0.0100
0.0443
0.0947
0.1456
0.2115
0.2800
0.3548
0.4194
0.4809
0.5369
0.5781
0.5982
0.6091
0.6528
0.6946
0.7389
0.7738
0.8033

) -
Xy = 0.2487

0.2462
0.2376
0.2251
0.2125
0.1961
0.1790
0.1604
0.1444
0.1291
0.1152
0.1049
0.0999
0.0972
0.0863
-0.0759
0.0647
0.0562
0.0489

1200.2
1412.2
1682.5
1670.9
1721.5
1722.0
1676.9
1604.5
1510.9
1405.8
1317.3
1271.3
1245.2
1135.8
1023.3

802.9

789.5

696.2

[ o oo B e B i B e L e B o B e B o I o Y i i e D o I o L o e DY e [ Y o Y oo}

.0179
.0483
.0906
.1423
.2024
.2623
. 3336
. 4092
.4756
.5318
.5374
.6156
.65051
.6975
. 7387
. 7688
L7715
. 8068
. 8360
.8617
. 8818

p

0.4931
0.4779
0.4566
0.4306
0.4005
0.3704
0.3346
0.2967
0.2633
0.2351
0.2323
0.1830
0.1732
0.1519
0.1312
0.1161
0.1147
0.0970
0.0823
0.06%94
0.0597

1478.4
1640.5
1807.1
1833.1
2011.1
2037.17
2016.7
1343.1
1839.4

1725.7

1713.7
1515.3
1401.2
1264.0
1124.5
1033.2
1006.7
869.4
7561.1
643.0
558.9

SCCOOQCOOOO0OCOoOO0OO0OCOOO0

0.
.0439
.0755
.1155
.1611
.2089
L2677
.3342
. 4026
L4724
.5525
.5415
.5548
.5808
6346
.6860
. 7298
.7578

0161

xé = 0.7573

0.7451
0.7241
0.7001
0.6698
0,6353
0.5991
0.5545
0.5042
0.4556
0,3996
0.3540
0.3472
0.3371
0.3099
0.2767
0.2378
0.2046
0.1834

1085.
1264.
1434,
1612.
1758.
1874.
1966.
2011,
2005.
1947.
1858.
1840.
1817%.
1743.
1636.
1487.
1341,
1238.

e A= N N NOO = oW OoOm

hValues of hE were obtained by mixing pure 2-propanol with
{(xé)ethyl acetate+(l—xé)cyclohexanej.
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continued

0.8248

Xy Xo h-E X4 Xp hE X4 Xy hE
[—1 [—] [Fmol™l} {—] [—} emel™) [(—1 [—) (3-mol”}]
[No. 24] Methanol({1l)-acetonitrile(2)-benzene(2) at 25°C
'xé = 0.2500 x; = 0.5012 x5 = 0.7496
~0.0178 0.2455 421.0 0.0170 0.4927 553.0 0.0135 0.7395 478.3
0.0379 0.2405 54%9.9 0.0406 0.4808 680.4 0.0367 0.7221 609.2
0.0720 0.2320 706.8 0.0728 0.4647 818.2 .0.0769 0.6820 1782.5
0.1456 0.2136 894.6 0.1137 0.4442 946.4. 0.1121 0.8655 901.6
0.2421 0.1895 984.5 0.1588 0.4216 1044.0 0.1708 0.6215 1040.0
0.3032 0.1742 983.0 0.2261 0.3879 1128.1 -0,2359 0.5727 1140.9
0.3719 0.1570 972.3 0.3061 0.3478 1161.7 0.2897 0.5324 1185.7
0.4525 0.1369 915.4 0.3885 0.3085 1141.7 0.3677 0.4740 1203.4
0.5208 0.1198 848.3 0.4579-0.2717 1080.4 0.4540 0.4092 1166.8
0.5750 0.1062 1782.3 (0.5324 0.2343 1008.0 0.5179 0.3614 1109.5
0.6188 0.0853 722.0 0.5963 0.2023 917.1 0.5667 0.3248 1049.4
©0.6462 0.0884 681.2 0.6385 0.1812 847.3 0.5760 0.3179 1037.5
0.6886 0.0778 613.2 0.6571 0.1718 814.3 0.6144 0.2890 979.7
0.7385 0,06851 525.6 0.7025 0.1491 728.5 0.6580 0.2564 805.3
0.7798 0.0550 451.7 0.7301 0.1353 672.8 0.7029 0.2227 818.9
0.8125 0.0469 389.6 0.7593 0.1206 616.7 0.7395 0.1952 741.0
0.8406 0.0398 334.3 0.7890 0.1057 549.9%9 0.7699 0.1725 671.6
0.8564 0.0359 302.8 0.8171 0.0917 484.2 0.7872 0.1585 630.2
0.8392 0.0806 430.8
{No. 25] Methanol(1)—acetonltrlle(Z}—chlorobenzene(3) at 25 CJ
= 0.2499 2 = 0.5004 2 0.7502
0.0207 0.2447 578.5 0.0326 0.4841 765.3 0.0302 0.7276 630.8
0.0677 0.2330 808.0 0.0940 0.4534 995.6 0.0840 0.6872 852.3
0.1631 0.2091 990.¢ 0.1871 0.4068 1164.9 0.1485 0.6388 1028.4
0.2721 0.1819 1016.86 0.3169% 0.3418 1204.3 0.2239 0.5823 1154.6
0.3873 0.1531 952.0 0.4310 0.2848 1125.2 0.3062 0.5205 1211.6
0.4858 0.1285 848.2 0.5282 0.2356 1002.3 $.3800 0.4652 1210.6
0.5807 0.1048 718.6 0.6024 00,1990 884.7 0.4603 0.4049 1163.8
0.6465 0.0883 616.1 0.6376 0.1814 821.5 0.5263 0.3554 1095.3
0.7140 0.0715 503.7 0.6694 0.1654 760.9 0.5808 0.3145 1020.7
0.7383 0.0654 459.4 0.6997 0.1503 700.2 0.6257 0.2809 946.4
0.7801 0.0549 386.1 0.7429 0.1287 609.0 0.6454 0.2660 913.5
0.8096 0.0476 334.1 0.7816 0.1093 . 523.2 0.6930 0.2303 822.6
0.8320 0.0420 2%4.7 0.8112 0.0945 455.9 0.7392 00,1957 723.5
0.8507 0.0373 261.7 0.8366 0.0818 398.9 0.7736 0.1698 644.3
0.8633 0.0342 239.7 0.8483 0.0754 366.7 0.7987 0.1510 583.2
0.8701 0.0325 227.7 0.8136 0.1397 544.8
0.1315 516.6

*alues of h ‘were obtained by mixing pufe methanol with
{(xz)aceton1tr11e+{1—x Ybenzene) .

JValues of hE were obtained by mixing pure methanol with

{(xz)aoeton;trlle+(l—xz)chlorobenzene}.
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continued

Xy X hﬁ Xy Xo hE X X, hE
[—] - [—] (Fwol™1 [—] [—] Wmol™ ] [—1 [—) [J-mo1 L)
[No. 26] Ethanol(1)-acetonitrile(2)-benzene(3) at 25°CK
x} = 0.2504 xj = 0.4998 x} = 0.7500
0.0133 0.2471 413.7 0.0143 0.4927 556.1 0.0124 0.7407 489.6
0.0506 0.2378 684.3 0.0497 0.4750 789.4 0.0325 0.7257 640.7
0.1177 0.2210 962.8  0.1027 0.4485 1039.5 0.0654 0.7009 819.3
0.2272 0.1935 1156.1 0.1746 0.4126 1246.1 0.1026 0.6730 996.5
0.3165 0.1712 1194.5 0.2629 0.3684 1370.9 0.1470 0.6398 1162.9
0.3852 0.1540 1177.8  0.3394 0.3302 1402.6 0.1963 0.6028 1298.8
0.4497 0.1378 1132.% 0.4133 0.2933 1382.9 0.2368 00,5724 1380.2
0.5208 0.1200 1054.6 0.4716 0.2641 1337.8 0.2678 0.5492 1426.6
0.5703 0.1076 985.5 0.5270 0.2364 1273.5 0.2999 0.5251 1461.8
0.5943 0.1016 947.8 0.5529 0.2235 1236.6  0.3330 0.5002 1486.0
0.6315 0.0923 883.9 0.5929 0.2035 1171.4 0.3795 0.4654 1500.3
0.6839 0.0792 783.8  0.6395 0.1802 1083.8 0.4110 0.4417 1498.9
0.7305 0.0675 685.8 0.6775 0.1612 1002.7 0.4613 0.4040 1474.8
0.7644 0.0590 609.8 0.7107 0.1446 925.3 0.5094 0.3680 1436.4
0.7936 0.0517 541.4 0.7472 0.1263 833.2 0.5216 0.3588 1422.5
0.8156 0.0462 488.1 0.7739 0.1130 761.5 0.5634 0.3275 1370.2
0.7903 0.1048 715.5 0.5937 0.3047 1323.9
0.6233 0.2825 1272.0
0.6528 0.2604 1213.8
0.6817 0.2388 1150.3
0.7135 0.2149 1073.4
0.7197 0.2102 1057.4
0.7472 0.1896 983.8
0.7582 0.1814 952.4

kValues of hE were -obtained by mixing pure ethanol with
{(xé)acetonitrile+(l—xé)benzene].
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continued

E _ ' E : E
x1 x2 h Xy Xo h Xy Xy h
1

(=1 (=) w1 [—]  [—] 0wl [—]  [—] (Jrmel )

[No. 27] Ethanol{l)-acetonitrile(2)-chlorobenzene(3) at 250(3l

xé = 0.2500 xé = 0.5003 xé = (0.7499
0.0256 0.2436 629.1 0.0302 0.4852 785.7 0.0252 0.7310 642.1
0.0795 0.2301 919.2 0.0771 0.4618 1031.8 0.0738 0.6945 916.8
0.1628 0.2083 1115.2  (,1509 0.4248 1262.5 0.1347 0.6489 1158.2
0.25671 0.1858 1180.6  0.2487 0.3759 1394.1 ~ 0.2249 0.5812 1372.5
0.3682 0.1580 1144.6 0.3187 0.3404 1411.0 0.3146 0.5140 1470.7
0.4491 0.1377 1067.4  0.3998 0.3003 1376.0 0.4003 0.4497 1482.4
- 0.5237 0.1191 967.0  0.4777 0.2613 1296.0 0.4756 0.3932 1439.9
0.5798 0.1051 876.3 0.5531 0.2236 1184.0 0.5317 0.3511 1380.3
0.6095 0.0976 823.1 0.5859 0.2072 1124.7 0.5766 0.3175 1314.7
0.6431 0.,0892 751.4 0.6074 0.1964 1083.5 0.5938 0.3046 1287.0
0.6883 0.0779 657.1 0.6501 0.1751 994.8 0.6481 0.2639 1181.2
0.7313 0.0672 566.3 0.6927 0.1537 897.5 0,6870 0.2347 1094.8
0.7660 0.0585 493.1 0,7338 0.1332 1796.3 0.7266 0.2050 998.7
0.7949 0.0513 431.9 0.7647 0.1177 715.5 0.7591 0.1807 909.7
0.8164 0.0459 386.4 0.7905 0.1048 645.6 0.7842 0.1618 835.3
0.8275 0.0431 363.0 0.8079 0.0961 596.3 0.7927 0.1554 808.8

lValues of hE were obtained by mixing pure ethanol with
{(xé)aoetonitrile+(l-xé)chlorobenzene}.
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hyag = by * hyg + hog + XX Xgh 0g (1-7)

zzv nh, b, H 3, SHAREMEMRT 5 2RARBHOBEMT,
IFARICBITBEK LTable 1-3 KRBTSR TWENI A -5 ERHWTEL(1-
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M, = — 172 — - (1-8)
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e . 2 2
B13/RT = By = Boxy ~ Baxy — Byxy = Bexy = BgX %,
3 3 2
- Bpxy - Bgxy - BgxyX, (1-9)
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Table 1-4 Coefficients of Eqs.(l—Q),(l-lO) and standard deviations

1 : B By By Standard

System 2 Temp. Bo Bs Bg Ji deviation

3 o B3 Bg Bg 1
[TC] [—1 [—] [—] [—]1 [Jmol ]

Acetonitrile- 2.8017 -2.5140 :
chloroform- 35 3.3289 -4.8706 4.0
ethyl acetate 5.1476 -7.5227

Acetonitrile- 0.9669  -0.6460
chloroform- 35 . 0.0236 5.9127 2.5
methyl acetate -4 ,6954 1.8132

Methanol- 1.2541 0.1811 0.9475
benzene- 25 -0.3988 0,0145 ‘ 6.6
tetrachloromethane 0.5713

' Methanol- 5.0816 4.5085 -2.5960
chloroform- 25 -1.8120 -85.2967 66.1970 11.2
acetone 36.0952 15.7927 ‘

Ethanol- 1.7445 -1.5830 0.9442
benzene- 25 -0.7396 1.4330 6.7
tetrachloromethane 0.8529

Ethanol- 18.6432 -174.3727 85.2314
ethyl acetate- 25 97.8738 64.4918 -66.8938 20.0
cyclhexane 5.1867_—122.2402 141.6855

1-Propanocl- 16,1518 -123.3684 65.6668
ethyl acetate- 25 72.2868  32.1540 -37.9141 13.9
cyclohexane 9.6072 -73.7800 72.0037

2-Propanol- 18.7402 -158.1244 101.2761
ethyl acetate- 25 83,0621 -5.9769 -18.4769 12.4
cyclohexane 30.8709 -95.2383 103.98213

Methanol - 9.0417 -59.0197 28,4109
acetonitrile- 25 38.4109 16.4077 -18.0337 5.1
benzene 3.6644 -36.9350 35.6508 '

Methanol - 11.7070 -97.1229 49,6718
acetonitrile- 25 56.8692 31.6511 -32.5468 8.7
chlorobenzene 4,1123 -66.1805 78.0587

Ethanol- ' 11.1056 -92.7566 . 49,5652
acetonitrile~ 25 53.7053 24.0925  -25.2383 5.7
benzene 4,6385 -55.2985 66.3208

Ethanol- 11.3568 -92.3285 ] 49.0254
acetonitrile- 25 52,8849 31.5321 -31.6533 6.4
chlorobenzene 2,9098 -57,6831 77.4061
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Acetonitrile

l .AV \A\A
% AVA\‘"I\

.6 0 4 0.2
Ethyl acetcte Chloroform

1-Xy=Xys —]

Fig. 1-13
Curves of constant excess enthalpies for acetonitrile(1)-chloroform{2)-
ethyl acetate(3) at 35°C

Methanol

hE L [3emo1™Y]

0.8 0 6 0.4 ) 0. 2
Acetone * Chloroform

‘l "X'I "XZ, ['_'_]

Fig. 1-14.
~ Curves of constant excess enthalpies for methanol (1}-chloroform{2)-

acetone(3) at 25°C
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Methanol

0.2 /

OWANNANLTNS
EALILFEN
Acgtzonitrile

0.8 0.6 0.4
Chlorobenzene
'I-x] ~Xos [—]

Fig. 1-15
Curves of constant excess enthalpies for methanol({1)-acetonitriie(2)

chlorobenzene(3) at 25°C
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AWEEAVA 1909 600 7600 7
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Chlorobenzene -
] -X-I -X2 Y [_]

Acetonitrile
Fig. 1-16
Curves of constant excess enthalpies for ethanol(1)-acetonitrile(2)-

chlorobenzene{3}) at 25°C
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5.

-51-



1-8 ARSI

Nomenclature

Ai = coefficients of Eq.(1-5)

Ai = coefficients of Eq.{1-8)

Bi = coefficients of Egs.(1-9),(1-10)

hE = heats of mixing, excess enthalpy

I = electric current

k = coefficient of Eq.(1—5)

£ = coefficient of Eq.(1-10)

‘m = number of experimental data points

n = number of parameters

n, = number of total mo;es

Q = heat

R = gas constant

r = resistance

T = absolute temperature

t = time

X = mole fraction

x! = initial mole fraction of pseudo—binary mixture
Greek letters

£&23 = funiction defined by Eqs.(1-9),(1-10)

& =B < Boalea

ohE = standard deviation
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Subscripts

A,B,C,= points shown i
D,E,F

caled = calculated
exptl = experimental
I,J = components

1,2,3 = components

12,13,= binary systems
23
123 = ternary system

n Fig. 1-3
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Table 2-1 Equilibrium constants and enthalpies of complex
formation between unlike molecules.

System (A-B) Temp. KAB —hAB

(°c1 [—) (kJ'moi-1)

Acetonitrile-acetone 50 2.5 7.5
Acetonitrile-benzene 45 0.2 5.2
Acetonitrile-chlorobenzene 55 0.2 4.3
Acetonitrile-chloroform 40 2.8 11.0
Acetonitrile-dichloromethane 25 2.7 8.5
Acetonitrile-ethyl acetate 25 2.4 6.5
Acetonitrile~-methyl acetate 50 2.3 6.9
Benzene-tetrachloromethane 25 0.215 5.28
Chloroform-acetone

1:1 complex 25 0.967 10.5

2:1 complex 25 1.117 13.2
Chloroform-benzene 26 0.36 4.0
Chloroform—ethyl acetate

1:1 complex 35 0.83 9.5

2:1 complex 35 0.84 12.6
Chloroform-methyl acetate

1:1 complex 35 1.29 9.6

2:1 complex 35 1.58 11.0
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H5. AMAETH, ChoDEZFOFEHEICERALE,
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1Mheknko .
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& = 2lhy ner By careal /™ (2-40)
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Table 2-2 Binary parameters and absolute arithmetic mean deviations as obtained from excess enthalpy data

reduction.
System{A-B) Temp. No.of Parameters Absolute Ref.
[OC] data arith.
points C C D D a,., mean
BA AB BA AB deviation
[J-mo1~1) [Jemol-1-k-1]  [—] (J'mol~1]

Acetonitrile-acetone 25 19 992.86 1013.59 8.6843 15.6340 0.3 1.2 16

Acetonitrile-benzene 25 16 3320.51 -181.94 21.6210 -7.8097 0.3 1.3 15

45 16 3519.78 785.04 19.3932 -3.3768 0.3 2.3 19
Acetonitrile-chlorobenzene 25 16 6419.89 161.80 27.5282 -4,3432 0.3 3.3 This work

Acetonitrile-chloroform 25 15 3424.18 -3103.38 4,5703 -7.4791 0.3 6.8 10
35 15 7248.21 -6606.05 20.1384 -22.8484 0.3 7.0 This work

Acetonitrile-dichloromethane 25 17 3097.12 -1020.686 3.9194 0.9578 0.3 4.9 15
Acetonitrile-ethyl acetate 35 17 252.61 921.56 -10.6307 16.2959 0.3 1.3 This work
Acetonitrile-methyl acetate 35 18 983.46 1041.02 -6.6272 14.0409 0.3 1.4 This work

Acetonitrile-tetrachloromethane 25 15 8786.35 -189.35 25.7713 -6.8688 0.3 1.3 15

' 15 9% .4526.95 8287.08 0.5440 23.3628 0.3 3.2 3

Benzene-tetrachloromethane 25 16 -138.97 4074.74 -5.7676 15.2612 0.3 0.3 i5

. 45 5 540.63 4320.64 -3.0901 15.2925 0.3 4.6 5

Chloroform-acetone 25 21 0 0 0 O 0.3 9.5 16

Chloroform-ethyl acetate 35 16 0 0 0 0 0.3 6.9 i8

Chloroform-methyl acetate 35 17 0 0 0 0 0.3 14.4 18

Chloroform-benzene 25 22 377.52 1984.21 -0.3981 i2.1007 0.3 1.6 16

‘Dichloromethane-tetrachioromethane 25 16 1821.00 1798.80 1.7244 0.2810 0.3 1.1 15

*Smoothed experimental data, which were obtained at equally
equation whose constants were given in ref.7.

spaced mole {ractions from

the Redlich-Kister
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Fig. 2-1

Excess enthalpies for acetonitrile(1l)-tetrachloromethane(2)

at 45°C
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Excess enthalpieé for acetonitrile(1)-benzene(2) at 45°C
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Fig. 2-3

Excess enthalpies for acetonitrile(1)-chlorobenzene(2) at 25°C
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Fig. 2-4

Excess enthalpies for acetonitrile(1)-chloroform(2) at 35°C
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Table 2-3 Predicted results for ternary excess molar enthalpies from binary parameters alone.

System Temp. No.of Abs.arith. Ref.
[OC] data mean dev.
points  {J'moil-1]
Acetonitrile-benzene-chloroform - 25 65 18.2 16
Acetonitrile-~chloroform—acetone 25 58 14.1 16
Acetonitrile-benzene-tetrachloromethane 25 54 19.8 15
45 26 23.2 5
Acetonitrile-dichloromethane-tetrachloromethane 25 45 24.8 15
Acetonitrile-chloroform-methyl acetate 35 46 12.9 This work
Acetonitrile-chloroform-ethyl acetate 35 47 19.8 This work




2-5 FRARESLSBENR

Nomenclature
A,B,C = acetonitrile and non-associating components [—1
Ay = parameters of Redlich-Kister equation [Jemol™1]
Cey = constants of Egs.{2-20),(2-37) [(Jemol™ 13
D; = constants of Egs.(2-20),(2-37) [3-mol 1k
F = objective function (3%-mo1%3
GIJ = NRTL coefficient defined by exp (-O&JTiJ) [—]
13 = binary energy parameter [J-mol-ll
h = molar enthalpy [Jomol™ ]
hA = enthalpy of formation for head-to-head dimerization -1
of acetonitrile . {J*mol "]
h = enthalpy of formation for head-to-tail chain association
A . -1
of acetonitrile {Jemol 7]
hAB’hAC = enthalpy of formation of chemical complexes AB,. -1
and A,C; [Jemol "}
hps = enthalpy of formation of chemical complex B,C, [J'mol-l]
hB C = enthalpy of formation of chemical complex Bzc1 [J'mol—l]
2
KA = equilibrium constant for head-to-head dimerization
of acetonitrile : [—1
KA = equilibrium constant for head-to-tail chain association
of acetonitrile (—]
K,.,K,. = equilibrium constant for formation of chemical complexes
AB'TAC
A.B. and A.C (]
171 171
KBC =z equilibrium constant for formation of chemical complex
B,C {—1
171 :
KB c =z equilibrium constant for formation of chemical complex
2 B,C [(—1]
271
n = number of moles ‘ {mol]
m = number of experimental data points [—1
R = gas constant - [J’mol-l'Kpll
S = stoichiometric sum (—1
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T = absolute temperature

X = liquid-phase mole fraction of component
Greek letters

a = NRTL nonrandomness parameter

T3 = NRTL coefficient defined by (gIJ-gJJ)/RT

ShE = absolute érithmetic mean deviation
Subscripts

Al,Ai = acetonitrile monomer and i-mer

AB,AIB1 = 1:1 complex between acetonitrile and component B

A,B,C =

AC,AIC1 = 1:1 complex between acetonitrile and component C

B1 = monomer of component B

BC,B,C, = 1:1 complex between components B and C

BZC’BZC =z 2:1 complex between components B and C

C1 = monomer of component C

caled = calculated

chem = chemical

exptl = experimental

f = formation

I,J,K = components

phys = physical
Superscripts

E = excess

¥ = pure acetonitrile

(K]

acetonitrile and non-associating components, respectively

head-to-head dimer

infinite dilution of component A
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TVI-NVE, FFFOKBMECIDKRKREGEZRILTWA I LY, F8%
B, BAVWEBBAKXBICLIOLUF »E»D AN ET WS, 7, ah 2%
FHEICEOTOMBIRTET WS, StokestOht, 24/ - -y 2o~z Hy
REBOBANFERNTHEE, THREOENE, 62 RBEESEH B Y / —
NVWOHFERGTTOBHIIOWTIY / ~NVOLEX2EEBELTERFLTWS, Ly
Ladb, StokeslZ X 22 h 5 OBNENFEEORTIX, =9/ - LOFEY
SOEBIIEERTWE, ZOBERE LT, Stokes S OB TIREBLTEF I
AFOWENFEIC—FEN T H BScatchard-HildebrandXpiEFbh T W3 20
EROBELSTFHEELERRODWITRBERATEETH B IR E S, KHETERD
RoLEIZBROEVWRSZECERIIBIIZ2E4BOBRTHEERE 2 9F
MELEBIZOWTI, :ﬂ%%ﬁ'ﬁ'éﬁ?ﬁ#:%b‘ét%i%ﬁ%. TR X,
Scatchard-Hildebrand® & D MK E L TREH 22X LB LR -TL 3L
ZZbh3, E2ETRLATEIZFPILZETHSICIE, €EA%OS FHIE
EfAENRILE egn Lk,

AETR, 27/ - VO Z6TAMBTRIESZLI-LBEREIZBWT,
TARI-NOLBEGERICHEDBRDZENSHEES, 272, OXRENERELLE
Rugadb0edshe), F2ETRENARIBAVWOER LT, €805 F
BEERAERULE b T 2 IckD, Stokesl L AR BBRMEF N ABET
5, 25T, COGEBRETNVIZLD, 7}b3—1b&:@1§§£5}29%ﬁ‘&3ﬁi
DHREROREGHROEENER 28453,

HEOMRIILARGERT - Yk, BI1ETRELAZRSBRT -y X#» 5
MATEZAMETF -9THSB.

3-2 SEABHBETFLIESWAESHEBERA
3-2~1 2HORBHEOBRESBMEFRIA
StokesOhg, TH ) — -y I UAFH Y REBOREDOGT, 29/ - b

MRE S OMANFEEE GRFEGibbs HBEIAVF-, @My AE-) ,
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REEEY, FERELBET 5D, IV / - LOBEBEAROVWTY AT —,
FYw—, HUT = (DHORERKEY T -2y T - EOBEBRFEY T - DH
FENTET 5L LEAERAGEFLERELR. &6lc, Stokesk French 21
I - N-p-F YV U RBROBIFTLIY - NLep-FY L UMICEHES FMA
BHEOEKERELE. AFETD, Stokess 04 izse o, 7 a- iy
LTRDED BEARRERET 5.

(L ERKRYV 2 -3, BREBRR L2 THEET S, Y43 -, PUv—-, FUYT
- EBETABOTEHERK, , K3 , KiZ, SFHOELIZ+ AW TEHX
ns.

2

By T AL F Ay Ky E XXy
OH + OH = OH-++ OH
B K B R
. + = =
AL+ Ay = Ay, Ky = %, /% %y
OH + OH-*» OH = OH'++ OH:*+ OH
K E R E R R
Al + Al = Ai+1 3 K = XA1+1 xAi Al , {i>3)
;OH + ,OH ooooo ‘OH = fOH ooooo pH . ( 3- 1 )
E R R R R
i i+l

() Ry -LEOBRRERF) 2 -dEAFCFETS. BRREY -R@R2¥9<T
~PEOERF Y- EEHzHD, FHERISEGE (CHRLEWENK O %
AwT&Zbhzhs,

Ai(linear) = Ai(cyclic) ; Kcy:G/i: XAi(cyclic)/xAi(linear) y (104)

. . R . LN .
Jo: CERER OH = 'OH OH

cyclic (3-2)
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B 7ra-NrBEENTIEERSHEICBEWTIX, @RicegaLETLD - L
DFEOEBOKBELBERIDSFLOMT, il ORES FRSENERX
hs. |

A.115 + B, = A.B, , K iy

i(linear) * By = A;By v Ky p = X4 g /Xa; ¥, ¢ (121)

OH**+**+ OH +B = OH "o OH:* ‘B {3~-3)
R R R R

BEDESCEEENATLI-ILOHECSEORHEERB LU T LI -LEE
HERAHORESTFHSGOTHEROBEHEFMEIZ, van't HeffOHIZK S D
D& LE,

o Ko = ~h,/R on B3 = —{2h,-h,)/R 8nK . -h, /R

3(1/T) 277 a(1/m) A2 ' a(1/T) AT

3ln 6 °ln KA'B

=07 - p R, . 2% -
2(1/T) A 8{1/T) P4387F . (3-4)

SHAROBEMIT, 2 LA LENTFEL AN OB 2 EEERIC
IAMBHFEO20OFSFOMTELLENS.

E_ . E E
K = byem * hphys (3-5)

C¥HES L3 ERBRALEE, 2QLINFLIERINESFEEED
BREODHOLUIINE-DLHEBESHIOE7ZLI - NREIZBTZ2Z /I %
Bl Lick D EHENS.,

E
hchem =h

REBROBROF DLV INE-, SFEOENRLERI IV -OWT
KDESILEDLEING.

- b
£~ Xl | (3-6)

hf =.[h2(nA2 +.nA2B1) + hA{l'_Z (i- l)nA (linear) * 25111 {cyclic)
¥ (i-1 +h B,/ (ny * 0p) (3-7)
v IO gt R 2 !

TIT, hy BFAA-NYALAT-BRBORKRLI>YME -, h @Y7~
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BEDHRE EURREEDETRTOKY T - ORI ¥ ¥ &= by pid S0
KU v~ b BHERA L REATFHRAOBRI VIV -Th S, RO,
ng RRSA, BOELVKT, g THOELEONMPS,

Y i§1'inAi(linear) + Zln (cycllc) + 1211nA1B1 (3-8)

H

n Zn

B l1131 i=]1 AiBy

TH5E 2605, Bg.3-Nid, FEERBLRIDE/ T-DTNTEZHWTER
T5E,

3
K2K3xAl (3-2Kx, )

2 Al
= [(1 +K Mh K, x, + }
A;B°By’ 2" 2%a, (I_KxAl)z
25
h,K K Kex »
(1-Ex, : )
K K. x _
f(x, +Ex2 4 25BL L, 4 1/8
Aq 27A¢ (I_KXA]_) AiB AinBl _ (3-9)

25, AROSRBEAZOFFEOLERRONTHY KX TRENS.

3

S = (1+K Jix, + 2K.x2 + T2y Al)}
= = X X
A;B"By A1 A (1 KXA1)2_
2 5 : 3

23 A Ly R (3-10)
¥ (l—BxAl) 218781 ¥y * H2%ay (1- Kx "By
Eﬁﬁ@ﬁ?»j—»@ﬁ?1&@»8—%,ﬁﬁkib?:tﬁ?%é.

ConoX *5
hAK2K3 A {3 ZKXA]_) hAKszK Gx

+
T Y 1-Kx¥ )
(1 KXAI) | ( A1

= hlpy A1, /gx (3-11)

AP OSNIH TN - NREBTOLEEROIMTHEDY, 703 - LRETIZEg

*3
2 3 A

x +(1Kx*)
{ 1_KXA1 )2 Ay

‘ 2, (3- zxx* ) KK, Zex*i’
X _ X *
S* = xAl + 2K2 A

{3-12)
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ﬁé%ﬁoﬁﬁmf/v—oﬁwﬁﬂm.$ﬁﬁ&ﬁﬁﬂ&6ﬁ,&mm&@
AN~ G- OWERTOME AR I LicED@BORE . APITOENTEE,
ZFRENRDLOIICERBIENTESD.

Xy = n,/(0, + ng)

KKx3

) " 2Ka¥y, (3-2Kx, )
= [+ KAinBl){xAl + 2xA1 + 2 }
(1-Kx, )
2. 5
K., K26x
KM ™A o (3-13)
(1K, )
xg = g/ + np)
3
(x. +K {x. + 2+K§ﬁm}vs (3-14)
= x —_— -
XB1 AiBXB]_ Ay KZ Al (I_KXAI)

$5 MERIEEERITARTOATFEOENAEOMIZITHEEDS,

ZxAi(linear) + i535’%&1(c},rclic) + 2 X By + XB]_

i=1 izt A
3
(1+K .x )(x, +Kx2 + A
= X X —_—
A{B"By" A 27A1 (1-Kx, )
1
B0 kx ) e e+ x, 1272 + (R, /8 + (Bx, )/a)
K3 Ay Ay A Al Ay

+ xB1 =1 {3-15)

BED LS. BEHOMT NI -~ LRETOZ LI~ VDOE) 7 - DENFTER,
KENSROHNB.

3

K. K, x*

o ® 2 37A
s x* (linear) * % x* (eyelic) = xk +K x*z *1
i=1 A 125 Aj Ay 27Ay (1-Koc} )

K,K,8
273 _wack oo ¥ x 2 x 33 x 4 -
i {In(1 KxAl) + KxAl + (KxAl} /2 + (KxAl) /3 + (KxAl) /4} =1

(3-18)
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REMEZDLIPHNFSOEIL, B2HOT L, PYLARORIFOBS
CARZ2EBHPONRILATEDLINZIDBDELE., LEN-ST, 2HIRBED
BABOWENFSIL, Gidbdbs-HelnholtzdME» 6 /T BEDO LK TE XS
THELBEZILHTES.

'] ; ]
E  _ T5a%4 Tap%AB
hphys = RxAxB[ G + G
Xa t ¥glgy Xt Xp0pp
r y ]
X2 5453 T XpTapCan 2B
- a1 + 1) (3-1T)
AB (x, +xG)2 (% + x.G. )2
B“BA *g T ¥a¥aB
oo,
Tga = (gBA gAA)/RT s Tap = (gAB - gBB)/RT
GBA = exP('aEATBA) , GAB = EXp{-athhB) | (3-18)
, J TBA , 3%
T = ' T =
BA ~ 3(1/T). AB 2(1/T)

THo5., TANF-NT A~ megm)mmg%)mﬁﬁkm#?éémtb
NGA=-5C, DERAVWTREC—KMBTEX6NDB, £, NTA-¥ap,
(zayp) OERIRZETHWABEALL, 0.3kLE.

DBA(T - 273.15) (3-19)

Bpa " Bap T Cpa *

Z4p - Bpp = Cap * Dup(T - 273.15)

2700 RNL-FTEM R, RV -WELLREER, 700K L L -2
VRO2HSBRIIHLTIE, E2HEOBFSEICHKIDBDET S,

3-2-2 3MARBABOBLBERR

SHABBELTZ NI -V EBBERDI 2D (ZJUDRALETELY) %28
CIRARBREERS. 7L -AOBCLEBLUT LI - L EEBHRASM
OREFTHELAEIE, E9s5.(8-1) ~(3-3) TREANS., JuohilLu(B) -7
Fo@) MORBAFHMEAI, F2ETHRLAZ2HORE BIC) ,BC1 THRD
Eh3. 572, SHROMTOEEERICOWTIR, B2HOBRNEWERL <,
BRARDT - E2ZMAT - Y OANEEDTILEEMLLEZLEDEE
HFRBALE. SKORDEBEMIE, QA LLALENBTSLAENTS D2
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DDEFEENHMICEDNE.(3-5TEALNS. &i%%%ﬁ&éﬁﬁﬁAW@Q@
BOBO2LUINE-—DETEREN, B.G-HOTERbINS. SEHOBEBRD
ﬁ?l/@Wt—ﬁ,2ﬁﬁ%®§ﬁﬁ®$$bﬁb<%6n6.

hy = thylng, + nyp, * Naucy!

+h § i-1)n i + E in |
A{i=3( } Ai(llnear) i 25 a; (eyelie)

+ 3 (-1 +h +h 0, -
* 1§ (i-1)ny g, + 2,0 npcyd * Base 1 ZMaiBy T MAiC 1217440

+ Ry oy + PayciBacy /et B M0 (3-20)

”:T,h2m7w:—wﬁ4v—%&ﬁ®%ﬂ1y9»5—,hAm§4v—
urmﬁﬁﬁ;Uﬁﬁ%ﬁwt?&rwﬁUv—@%ﬂxv@we—Tﬁé.ﬁ
q’d) n rnB!n i, ¥kit1?5:i‘511%5.

«©

nA = Z lnA (linear) * :ZsinAi(cyClic) + 2 1n AiBy + igzlinAiCI
+ 2 '
Pp = nBl iz 1 "A;By nBch nBzcl (3-21)

nC = nC1 + nBlcl + nBzc1

THERLE/ T -DEADELEAWS &, Eq.(3-20) 13Eq.(3-22) i3

h K.K x {3- 2hx )

2 A2 37A4 Al
= [(1 + K + K ) {h K + }

A;B*By T TA;C%Cy’ M2f2a (1t 2

2. 5
K2K K GKAI
(1-Kx, )

A

1 K,.K. x3

2 27374

¥ {XAI * KZXA1 ¥ (]—KxAl)}(hAiBKAiB#Bl ¥ hAiCKAiCXCI)

2 -
¥ hBCKBCxlecl ¥ thCKBzckleCII/S (3-22)

22T, R OSRILEBEROAMTRATEINSD.
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5
S=(1+K + K Jix. + 2K x>+ K2K3XA1{3-2KXA1)}
= . AinBl AiCxCI Al ZKZ Al (l-KxA )2
1
2.5
R KK 0x p

+

3
K, x. Hx, + K xz + izfgfél——}
A;CTCy A1 27A1 (1_KXA1)

+ 3KBzcx§1xc1 + g Xo) + X, * Xgy (3~23)
ﬁ?»:-mﬁETQIVQWE—HEm@dUEiU%iBﬂé.Ltﬁo(,
SEKORERDLENTEIE, B (3-6)1cEes. (3-11),(3-22) 2RAFT B I LIS
ENnEDLENS. -

ﬁﬁ@%/?-@%w%ﬁm,¥ﬁi&ﬁ5i6nt&6&,&®haﬂdn
~@BMNTRENZIWERIOMENL{ELND.

Xy, = nA_/(nA + np + nC)

+ (K +

A;{B*By

3

) ’ ) K2K3xA1(3-2KxA1)
= L1+ Ry gxp + Ky X Xy + 2K ¥ 1ok, 2 b
1
K2K3K29X21
¥ —TI”E;*_7_}]/S' (3-24)
Al
xp = ng/(n, + ng + nc)
= [xBl Kchlecl KBszBl Ci
| KyKqkp
2 [ 23/ _
+ KAinB (xAl 2¥a; + e )}}/S (3-25)
Al
xC = nc/(nA + nB + nC)
- 2
= [xg, * Kpo¥p ¥cy * KBoc*Br¥cy
3
KoKax,
. 2281 98 (3-26)

¥ KAiCxC1{xA1 ¥ szAl (l-KxAl)
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ELT, BHRPIEEN B TR IO FREOELNSZEDORTE I THI D5,

o

>x : + S, $
i Ai(llnear) le (cycllc) EEXAiBl + iEHxAicl

+XB]_CI +xB201+xBl+xC1
3
K K.x
- 2 23A
= {1 +K i
( A;8"By * Kayc¥e, ) Xy * Bpx, i (l-KxAl)}

K36 . 2 3 4
3 {n(1- Al) + KxAl + (KXAI) /2 + (KXAl) /3 + (KXAIJ /4}

K
2
* KﬁzCXBl * KBCxlecl * xBl * Xcl =1 (3-27)

TH5. PV~ VREBTOT /Y -DELFER, FHERPEL BN AR
BiE, Eq.(3-16) M BEHI LHFTE S,

SHEARBRINT IRABROYBINES 1212, 2&ﬁ¥®£ﬁﬁLﬁbnf
mnimﬁthé.Sﬁﬁ%mwwxoLﬁbéné.

(o]

% 2 T IGJI 5 2 Xye 2Gyy)

B c. J=A A1/T) J=4 Kz=a & A 1/T)
phys: ~ RIE;%I[ $6 x ) (3 )2 :

AL K:AGKIXK
(3-28)
T,

Ty = (B5p ~ gyp)/RT (3-29)

Gyp = expl-ay;7yy)
iqam aJI{:'aIJ)‘i 0.3(‘:%3*1!7‘::- l*)b#_}\oﬁ)(‘yh(gJIthI)’(gIJ
g55) W, 2HAROBELATL, NFX=FC,, Dy #RWTEED— %
METEhIhS.

€51 ~ 8yy = Cyy + Dyp(T - 273.15) (3-30)

-86-



3-3 HEEELER

5 ~

CENFELHET 22D ESI 7N I - VOHCRAOTEHERL L BRI Y
FNE-BEU7LI -~V EBRRAMORBS THLCORHER L BRL >
FLE-FRELE., KEBA LB A -LOVIT -BIUOKYT -0
MLy y e -k, BRER, hy=-21.2 kJ'mol ', h,=-23.5 ki-mol " %
Wi, Zhe oz, Stokess0 ) ey~ Lo IERAWEELELTS
D, StokeskBurtitt' HSEMUALY - b - BB ARBROLY / ~ 1
DEBHEFRICB T IRGRITEE-RLTVE. AWMR TR IS ILHERIY 2L
-2, PLa-V(RA¥ /-0, %71, Tun/-)L) OBES L UE
BICHRERETIS, —ETHELEELE. PLA-VOEELEOREEROME
%, Table 3-1 {TRLZ., CThGOFEERICOWTIE, 7N - L efampEil
KRPORD2HARBROBEME LU ERCibbs HHI AL ¥ — (CBE Gibb-
s HBHI AN F ~-OXRA L oppendix II2RT) 2742 —~VOLEMERICD
EoTRSERTESEDIC, PHEROMEASDEZRALEDOKR, TOES
BELE, B2, AWETR, 29/ -N, 1-70 - LOB 2SO LR
ERARDBR, PV - N -BNECKERBBEICBEA371L3 - LOKRE
OFABBMANYT MVF -5 EREALE, TH /- A= 7 0~FH > RER
DHE, Sassaé:l{atayamase)b:cl:?) s FRLI-ZaN/ - —-n-ATH Vﬁﬁ?ﬁ@
Be, Lien® LD MEENT VS, CORNBBRIRY FLF - 558 3
L, HERARMEL TWBLWARRKBEOK 27V - LEFORBKIH
THREE (PLO-NOBAHABEDOIE) LLTEDT LN TES (PAD
—VOHHKBREOR &IN5 REX £ Avvendix II I27T) . FOEHEL
DROFEE, StokesH Ly /) ~ NOBIFTIT-> =Rl -7, 29, 455
TLR2-NOHELAOREERDOS S, BREYT-OLEERAH50 00
EELT, ThESLTERKY Y - OREEL £ 2L e, MEF-9%5%
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LWESEEROBAEhEEELE.
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‘Table 3-1 Equilibrium constants of alcohols at 25°¢

Alcohol‘ K K

5 3 K e
[—] [—1 [(—] [—1

Methanol 70 120 100 90
Ethanol 40 110 45 85
1-Propancl 35 90 40 75
2-Propanol 35 85 30 70

Table 3-2 Solvation equilibrium constants and their
enthalpies of complex formation.

System (A-B) Temp. %m —mm
(°c3 [—1] [kJ mol~1]

Methanol-acetone 50 15 21.0
Methanol-benzene 55 3.0 8.2
Methanol-chlorobenzene 55 3.5 6.5
Methanol-chloroform 50 28 24.5
Methanol-ethyl ether 25 15 22.0
Methanol-methyl acetate 50 10 17.0
Methanol-tetrachloromethane 25 1.5 5.5
Methanol ~tetrahydrofuran 25 25 20.0
Ethanol-benzene 25 3.6 8.2
Ethanol-chlorobenzene 25 4,2 6.5
Ethancl-chloroform 25 20 24.5
Ethanol-ethyl acetate 25 15 15.0
Ethanol-tetrachloromethane 25 1.4 5.5
Ethanol-toluene 25 3.3 . 8.3
Ethanol-p-xylene 25 3.2 8.3
1-Propancl-benzene 25 3.0 8.2
1~-Propancl-chloroform 55 i2 24.5
1-Propanol-ethyl acetate 25 13 15.0
1-Propanol-p—-xylene 25 2.5 8.3
2-Propanol-benzene 25 2.8 8.2
2-Propanol-chloroform 50 8 24.5
2~-Propanocl -ethyl acetate . 25 12 15.0
2-Propancl-toluene 25 2.4 8.3
2-Propanol-p-xylene 25 2.3 8.3
Benzene-tetrachloromethane 25 0.215 5.28
Chloroform—acetone

1:1 complex 25 0.967 ~10.5

2:1 complex 25 1.117 13.2

1:1 complex 50 0.698 12.3

2:1 complex 50 0.668 13.8
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(B) 1-propanel-n-heptane(2)

Experimental data of Lien®

(A} ethanol(1)~cyclohexane(2)

Experimental data of
Sassa and Katayama:m

B, ["_]

L L L

1 1 I 0
0.0 0.05 0.10 0.15 0 0.05 0.10 0.15 0.20

Mole fraction of component 1 , [—] Moie fraction of component 1 , [—]

Fig. 3-1

Infrared spectroscopic data for fraction of free OH groups for (A) ethanol(1)-
cyclohexane(2) and (B) 1-propanol(1)-n-heptane(2). (A)Calculated(—,this work
;—-—,Stokeéof. Experimental data of Sassa and Katayama?s)Note that the ordinates
for 25 and 35°C curves are displaced upwards by 0.2 and 0.4, respectively, to

avoid overlap, MW, Data at 35°C reduced by 10% to adjust for suggested extrapolation
error. (B) Calculated(——). Experimental data of Lieng)Note that the ordinates

for 25,, 35, 45 and 55°C curves are displaced upwards by 0.2, 0.4, 0.6 and 0.8,
respectively, to avoid overlap,
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Experimental {4, 6.7°C; @, 25°C; m, 45°C),
data of Stokes and Adamsont)
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0.0 0.2 0.4 0.6 0.8
ﬁﬂ
Fig. 3-2

Molar excess enthalpies of ethanol(1)-cyclohexane(2).
Calculated( ).
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Mole fraction of component 1 , Xy [ |

Experimental (O, 13.3°C; @, 25°C; &, 35%;m, 45°%C),

| data of Stokes and French“) i

Fig. 3-5

Activity coefficients for ethano](])-p-xy]ene(Z);
Calculated( ). Experimental data at 13.3, 35

and 45°C are shown at only very diluted concentrations
of ethanot.
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Mole fraction of component 1 , X [—1

0.0 0.01 0.05 0,1 0.2 0.4 0.6 0.8 1.
1 1 1§ 1 1 B ¥ F L} L) 1
Experimenta) (4, 13,3%: e, 25°C;l, 35°C; v, 450.(2)
data of Stokes and French“)
15F .
'Tv-
2
2
L 10+ -4
-
-
m“-.
<£= 5_
0 1 1 1 1
0.0 0.2 0.4 0.6 0.8 1
'y
‘ 1
Fig. 3-3

Molar excess enthalpies of ethanol{1)-p-xylene(2).
Calculated( ). Note that the ordinate for the
13.3°%C curve is. displaced downwards by 1 kJ and

those for the 35 and 45°C curves are upwards by 1 and
2 kJ, respectively, to avoid overlap.
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Mole fraction of component 1 , X [l
0.0 0.01 0.05 0.1 0.2 0.4 0.6 0.8 1.0

Experimental (@, 6.7°C; o, 25%C; m, 45°C),

s data of Stokes and Adamson39) N

Fig. 3-4

Activity coefficients for ethanol(1)-cyclohexane(2),
Calculated( ). Experimental data at 6.7 and 45°C
are shown at only very diluted concentrations of
ethanol.
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Table 3-3 Binary parameters-and absolute arithmetic mean deviations as obtained from binary excess enthalpy
‘data reduction.
System{A-B) Temp. No.of Parameters Absolute Ref.
[°C] data arith.
points C C D, D . mean
BA AB BA AB deviation
[Jemol-1} [Jrmol~l:k-1]  [—] {J'mol-1]

Methanol-acetone 25 22 -1762.97 2170.56 -7.6350 6.1596 0.3 8.0 This work

50 20 -2218.90 -2218.49%9 -8.9775 -6.0330 0.3 7.6 i2
Methanol-benzene 25 100 -5332.94 3711.11 -8.2463 -12.0038 0.3 5.4 13

35 10 -9168.58 470.89 -31.5925 1.5479 0.3 2.7 13

45 10 -10659.10 275.87 -37.3338 1.9839 0.3 5.7 13
Methanol-chlorobenzene 25 18 5702.33 5141.71 25.1245  34.9752 0.3 8.5 This work
Methanol-chloroform 25 15 7262.22 965.31 ~-12.7532 19.5736 0.3 21.1 This work

35 9 8979.71 3012.68 -6.6929 23.9245 0.3 20.5 11

50 36 7535.55 -740.17 -23.1900 14.3361 0.3 18.4 12
Methanol-ethyl ether 25 19 2890.49 -493,72 2.0247 1.4%99 0.3 10.7 2
Methanol-n-hexane 45 17 11408.30 3827.16 28.2364 3.6452 0.3 7.8 37
Methanol-ethyl acetate 25 16 14569.00 2831.04 64.2601 10.7244 0.3 10.5 22
Methanol-tetrachlorcemethane 0 18 -6751.22 5940.68 -22.9142 24.5063 0.3 3.5 32

20 i4 -8010.75 7574.45 ~26.7144 26,9177 0.3 5.9 32

25 19 -713.70 9037.98 2.0021 43.4497 0.3 3.1 This work

35 13 -8360.83 '8293.72 -27.4832 25.3150 0.3 7.4 32

50 25 -8194.42 9046.20 -30.43486 27.4275 0.3 10.2 32
Methanol-tetrahydrofuran 25 19 12696.70 512.86 53.3860 4.9052 0.3 8.1 3
Ethancl-benzene 25 10 120.96 69Y86.55 4,6172 37.8916 0.3 1.7 i3
Ethanol-chlorobenzene 25 17 7005.98 3913.31 34.9408 37.1529 0.3 6.3 This work
Ethanol-chloroform 25 29 7986.24 4817.31 1.1679 38.6312 0.3 17.9 17
Ethanol-cyclohexane 25 21 6904.29 2622.38 24.1327 4.4041 0.3 0.8 19
Ethanol-ethyl acetate 25 13 8382.00 . 3024.86 12.9677 0.3 6.0 21

35.5601



_Ls...

Continued

System{A-B) Temp No.of Parameters Absolute Ref.
{ C] data arith.
points C C D D mean-
BA —_AB BA AB deviation
{J-mol~1]) (Jrmol~l-k-1]  [—7] [J-mol-1]

Ethanol-tetrachloromethane 25 21 -6674.87 -9155.59 -20.5074 ~32.7237 0.3 3.5 This work

35 14 5993.85 4581.52 29.7800 36.4454 0.3 7.7 32
Ethanol-toluene 25 10 4462.02 5281.62 19.8420 32.9334 0.3 1.8 13
Ethanol-p-xylene 25 16  7909.29 4248.70 31.4175 27.5858 0.3 6.9 20
1-Propanol -benzene 25 10 -9940.33 4944.27 -32.3402 16.7461 0.3 7.9 13
1-Proranol-chloroform 25 18 7888.27 6233.72 -6.4841 39.2615 0.3 14.9 17
1-Propanol-cyclohexane 25 18 2076.75 8825.71 4.4276 34.0759 0.3 3.0 19
1-Propancl-ethyl acetate 25 23 13272.50 2255.24 57.9231 7.6835 0.3 6.2 5
1-Propanol-p-xylene 25 16 -4301.72 4063.38 -19.6686 36.0334 0.3 8.8 20
2-Propancl-benzene 25 17 -9128.92  4032.49 -30.7181 6.2906 0.3 7.0 16
2-Propanol-chloroform 25 22  T107.90 9225.03 -5.7016 - 47.9968 0.3 1il1.5 17
2-Propanol -cyclohexane 25 18 -5104.25 6720.19 -22.3718 35.9533 0.3 9.1 15
2-Propancl-ethyl acetate 25 19 -2580.33 2670.42 -10.5771 5.4994 0.3 13.86 4
2-Propanol-toluene 25 10 -6462.50 4354.58 -15.5777 -9.4738 0.3 3.6 i3
2-Propanol-p-xylene 25 17 -5946.40 4639.70 -10.0472 -19.0478 0.3 2.9 20
Benzene-cyclohexane 25 23 -387.62 -4879.50 -11.8441 -18.1458 0.3 2.2 19
Benzene-tetrachloromethane 25 18 -138.97 4074 .74 -5.7676 15.2612 0.3 0.3 28
Chloroform-acetone 25 21 0 0 0 - 0 0.3 9.5 27

50 17 0 0 0 0 0.3 6.4 i2
Ethyl acetate-cyclohexane 25 15 3064.03 4049.85 -11.4516 5.5445 0.3 5.7 This work
Toluene-cyclohexane 25 12 1127.62 -1034.15 -13.0536 1.7853 0.3 3.3 6
p-Xylene-cyclohexane 25 19 1609.44 -956.63 -11.8524 2.6662 0.3 2.6 20




Excess enthalpy , [J'm01'1]

203 B : \
l o : Savini et al.(1965)37
—: Calculated N
--- : Chemical contribution \
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Fig. 3-6

Excess enthalpies for methanol(1)-n-hexane(2) at 45°C
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Excess enthalpies for 1-propanol(1)-cyclohexane{2) at 25°C
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Excess enthalpy , [J'molnl]
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Fig. 3-8

Excess enthalpies for methanol(1)-tetrachloromethane(2) at 25°C

-100-



900 , :

—————
- -~

600k /
N | [
T ,’
S !
= !
-~ !
N !
" !
!
z |
ég !
!
g I
Q
5]
>
[WH ]

¢ : This work
—: Calculated
—-=: Chemical contribution

0 ) et ) -

- 1.00 | | | 1
0 0.2 04 0.6 08

Mole fraction of component 1 [—]

Fig. 3-9

Excess enthalpies for ethanol{1)-tetrachloromethane(2) at 25°C
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Excess enthalpy , [J'mol']]
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Fig. 3-10

Excess enthaipies for alcohol(1)-chloroform(2) systems at 25°C

Calculated( 17)

). Experimental data of Nagata et al.
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Table 3-4 Predicted resulté for ternary excess enthalpies at 25°C.

System No.of Abs.,arith. Ref.
data mean dev,
points [J+moi~1]
Methancl-benzene-tetrachloromethane 45 16.8 This work
Methanol-chloroform-acetone 51 28.3 This work
_ 123% 20.3 12
Ethanol-benzene-cyclohexane 18 14,1 38
Ethanol-benzene-tetrachloromethane 54 27.0 This work
Ethanol-toluene-cyclohexane 8 26.7 38
Ethanol~p-xylene-cyclohexane 59 17.2 20
Ethanol-ethyl acetate-cyclohexane 51 26.8 This work
1-Propanol-ethyl acetate-cyclohexane 55 26.5 This work
1-Propanol -p~xylene-cyclohexane 42 10.9 20
2-Propanol-benzene-cyclohexane 67 16.7 15
2~Propanocl-ethyl acetate-cyclohexane 57 19.4 This work
2-Propanol-toluene-cyclohexane 56 11.9 18
2-Propanol -p-xylene-cyclohexane 55 17.9 20

*at 50°C
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3-5 ERESLSELH
Nomenclature

A’B,C

o O >

<y

KBC’KBZC

"

alcohol and non-associating components
parameters of Redlich-Kister equation
constants of Eqs.(3—19),(3-30)
constants of Eqgs.{3-19), (3-30)

NRTL ccefficient defined by exp ('051151)

excess Gibbs free energy

binary energy parameter

molar enthalpy

enthalpy of

enthalpy of

enthalpy of
and AiC

= enthalpy of

AiC=

"

and B201
equilibrium
equilibrium

equilibrium

equilibrium

formation of alcohol dimer

hydrogen-~bond formation for alcohol i-mer

formation of chemical complexes AiB

formation of

constant for
constant for

constant for

constant for

as defined by 6&/i, (i>4)

equilibrium
AiB and AiC

equilibrium

constant for

constant for

3101 and BZC1

number of moles

gas constant

stoichiometric sum
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chemical complexes B101

dimer formation

[J'mol ]

[J-mol-ll

1

[(Jemol "~}

4

(J*mol™

1

(J-mol'_]

1

(Jemol "]

[Jemol™ 1]

[—1

open-chain trimer formation [—]

open chain i-mer formation, (i>3)

[(—1

cyclization of open chain i-mer

{-f]

formation of chemical complexes

(—1

formation of chemical complexes

{(—1
[mol]
[J-mol'l-K'l]

{(—1



T = absolute temperature
Xy = liquid-phase mole fraction of component I

Greek letters
«a = nonrandomness parameters of NRTL equation
B = coefficient as defined by Eq.({3-A5)}
¥ = activity coefficient
e = constant related to-Kcy
751 = coefficient as defined by (gJI-gII)/RT

Subscripts
AprAy = alcohol monomer and i-mer
AiB'AiBl = chemical complex between alcohol i-mer and component B
A,B,C = alcohol and non-assoéiating components, respectively
AiC’Aicl = chemical complex between alcohol i-mer and component C
B1 = monomer of component B
BC,BIC1 = 1:1 complex between components B and C
BZC’BZCI = 2:1 complex between components B and C
C1 = monomer of component C
chem = chemical
f = formation
phys = physical
I,J,K = components

Superscripts

E = excess
L = pure alcohol
o = infinite dilution of alcohol
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Appendix I

BEGibss BHEIANF-DXRER

AEGibbs BRI ANF -B LIUBERERIE, £6IC& b FESE L WESD
HEERICL AWANTSOMCLDIERDEINS,

E_ E E {3~Al)
€ 7 Zchen * gphys

Prigogine & Defay S hz & ) BBEDOLERIDUERTF vy v VEE/ 7 -
DILEEF Y VEELWI ENREIATNWLIOT, BEEGibbs HAHI A NF
~ORENTSICLIRR, BRLAWBERICETCL,

E Al 21 (3-A2)
Echem - xAln(x: X )+ xBln(x )
1A B
TEibh3d, RPOEF/ Vv -DENSTER, Egs. (3-13)~(3-15) 6 RKD H T

3. MENESIcLIIE, AXFEALCESE»S, MRILKXTEA6NhBELE.

T 7.3
E - [ BAGBA + ‘AB "AB ] (3-A3)
Ephys ﬁﬁx + %G x. + x,G
A T *g¥Ba B T TAAB
buafibudiy G
GBA = .ex_p(—aBA'rBA) ' GAB = exp(—aABrAB)

Appendix II

EABBW ARSI bR F =ik A7 NI - N OHBKBEECRNSKAT IR
BR
FALA-AOEELEELAHMAZ LI TENITHERERDEI LT ESD
®T.$ﬁﬁvm.i9/-w.bTUN/-»@EB%é@ﬁﬁEﬂ%*@%
B, 70— - BMHAECKEREHICER 370 - VOKBEOFARRR
2RI MAF-FEHELE, CORNBRRARI FLF-FERVDIL. B
E%étﬁ%bTh&héﬁ&*ﬁ%@&%?»:—»ﬁ%wﬁﬁﬂtﬁ?éﬂ
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A (FRLA-AOEEKMEDODE) L LTELTCEHNTE S, MARLKAE
BTOT NI - VOB BKBEEDDEIL,

E xA (linear)

ig:‘,l-ixAi {Inear) +i__§_;51xAi (eyclic)

xA1+Kx +K2K3x /(1KX1)
- 2 2
xAl + szAl + K2K3 A [(3- 2K‘< )/(1—Kx

2
ay)" R, )7/ (KR, )]

(3-A5)

T%bsné.it,7»:—»%/v—mm&@4®~@d®®%Ewiﬁ%
BeortickhBehad, LAEMST, EB.(3-45) OFILR7NVI-IVOEHER
EDEHEROAELONNIIHET LI I LYK TES.
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5 4 =
I — & T = kU JLEET
vE AR oD iR &S B

4-1 #S
%23&%3??@,%ﬂ%ﬂ,7tb:hUm55u@7wa~w0856
P-FHASUBROBSBIIOWTERNE>TEAE, TOETR, 72t
METLIA-NEAHFELEUCBEROBR/BIIOWTORTERAD.
CHOEOBKTHWALABHMETFNVIE, F2ETRENETELIZFIALD
EOLALEIETRENATAI-NVOECRERMAT, 7 b=V LE
FALI-NEORESFHEALZH L ERETBI LI, IEEFTKFRLT
XESAABEFNE—DREHELE., FLT, 7ha-NEe7E b bV %
SEUBRABRTF - Y L2BBHETFNMICLAHEELA2UBT I LIZED, FE
THRHETAL2GBREFTIOZEEIT O VWTHHTS.
AHRTHRLLABEAT - YR, BI1ETRLEMET -FICO20WTTH
2. EEL, PhIA-NERVEUDOHBSHSRBBROBREHRT - S0,
MNrazek ¥ Van Ness“@z‘ﬂﬂ% LAEF-%%2RAnE.

4-2 LABRETFNVIZESTVWEREGHERA
4-2-1 2HORBBORGHREREN
:@ﬁ?ﬁ,7»:—»87th:hU»%%Uﬁﬁhﬁbf,mwAﬁﬁﬁ
EFNAREET L. BIBTRINALDI, PLa-LIRKEEIIXSZKES
é@t&)féfﬁ*'@iﬁﬁﬂf‘}?-E&U:htﬁﬁib:ﬁ%ﬁﬁﬁ']?—%&if’;ﬁit‘a‘é.
Fr, B2ETRERELSI, TEFZMIAB 7RI PYULSFRONRE
FRENERRY A -LEHRR) T -%2EEI L., FLa-LEA, P b= b

UNZBTERELTERODEDIZETFINILENRS.

- - 2
_A1 + Al = AZ , K.2 EN /x At
OH + OH = OH-'+ OH
R R R R
Al + A2 = A3 3 h3 = X, /XAzxAl
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R R R R R o
A1 + Ai Ai+1 ; K= xAi+1/xAixA1 s (123)
OH + OH':++: OH = OH-++ OH
R R R R R
i ~i+1
Ai(linear) = Ai(cyclic) ’ Kcy=9/i: XAi(CYclic)/XAi(linear) y (1>4)
R\' . e .

,OH' R pH = CH ,OH . (4-1)
K R " K,

1 cyelic

e

- H - . - 2
By * By =By Ep = X (cyelic)/Xy,
H

H H H-C-C=N
H-C-C=N + N=C-C-H = H ™
i i S
N=C-C-H
H

By + By = Biy1 0 B 7 ¥p BBy, (124)

i i A i i
H-C-C=N + H-C-CE3N +++ H-C-C=N = H-C-C:N +++ H-C-caN  (4-2)
H H i H i
i i+l

XEZ, FLa-Ae7E b bYLMIZE, 7L2-NVOERKEY T -DORE
DKEEET LRI MY VOBEREY T -2 RIDHLWHEDNTEL I L b
MTESD, 7La-Le7E b b LEOEESTFHEIEROERICIE, WD
LNSERANELLNEY, AEMICHELEFLEEXLEHDS6, 7142
~WETERZPUAEERROEIZH LW 2 ODEEERET HLREL 2.
TORESFHEEEOERIIODWTR, ChUBTRERDZIEFLIHBOGER
EnHREND,

A;(linear) * By = A;B, Kyp = xAiBI/xAixBl , (i>1)

H H
QH®vo s OH + NEC—Q*H = ’OH ..... OH - 'NEC-¢-H
R R H R R H




Ai(linear) + Bi(linear) = AiB.j ) KAiBJ' = xAiBj/xAixBj y (121,322)

H H
OH'*++ OH + N=C-C-H +-:*-NZC-C-H
R R H H
i J
H H
= OH:vvve OH +*+N2C-C~H +- -« +N=C-C-H (4-3)
R R _ H H
i J

:h6®$ﬁﬁﬂ@,%%ﬁ@%Wﬁﬁ%ﬁhTiﬁéhé.Eﬁ,¥&ﬁﬁw
BEWFEE Zvan't HoffD =tz S .

8ln Kz 3ln K3

8in K
= -h,/R ’ = 2h ~h R = - s
2(1/T) 2/ 2(1/T) - 2}/ 3(1/T) hy/R
aln O _ 3ln Ké : 8ln K
———— = =h./R = =h!? = =h.
a(1/T) a/® 3(1/T) hg/R 3(1/T) fg/R
ln X, . °ln K, .
—A% L R, ABj m (4-4)
3(1/T) AiB 2(1/T) AlB

REMT, WEETORHETEDIATWEL B th?ﬂ?%%t%fiﬂ‘lﬁ‘é@
2ODHFEOMTEDLARS,

E_.E E _
- hchem + hphys ' (4-5)

?Eé‘ﬁ?&d){hﬁﬁﬂﬁ’é—lifﬁéf%@ﬁﬁ@%)’).I‘/’}"JI/E— LRERMOHE7 Lo -
ARBOBROG DL U YA - BEUHT 2 h= b Y VWREOBHEO DL
FVE-DEICEDEHEIN S,

E - - ¥ _ X
chem - D¢ *ahe, ~ *phey (4-6)

h

h

RABODBEBOL DI LY LE -3,

he = [hylny, +nyp + 531 g8y * Bl 2 -1y (linear)

+ EslnA (CYCllC) + 53(1—1)HA1B1 +.~2 f‘-‘znAiB}
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0 . g o« .
3 .
" Pagp 2Byt Pasej 25308, ¢ May(evelic)

" Pl Jzi(j_l)nBj ¥ igﬂjgﬁ(j"l)nAiBj}]/(nA + ny) {4-7)

C:?,ny% B2 A, BOELYT,

n, = 2n i + 3 + § n + 3 3 (4-8)
B T Tpglovelio) T ;2005 T 5 iy * i3 50 s,

?5%.$ﬁﬁﬁa%/v—®%w%$%ﬁﬁzat;0,mwvnm,

2 3
K, - K h K K.x© (3-22)
AiBy BXB1 2 AT2737Aq
h, = [{1+X + 2t = Sy ey +
f (L ‘ A]'_BxBl (1-w) H ZKZXA (1_2)2 }
2.5
+.hAK2K3K % 5y
(1-z)
K x3 'xz
+ {1 +K (x, + K.x% 2% Al)}hBKB Ce!
AiBj Ay 27A1 (1-z) (l-w)z
o2
+ h];,’KBxB1
2 K2K3X§1 | hA-B-KA'B-KBxgl
+ - + Kxi + ———}{h, K +—l 1 }1/8
Pay * Ko (1-z) = AjB A;B'B (1-0)
‘ {4-9)
IIT, z=KxA1,w=KBxBl‘C“2‘> N, BwAOSRKRATEL6N 5.
2 3
K . KK x. (3-2z2)
A;B:EB*B 2K3%s
S={l+K, x, +—29-""Lo Lokx? . 1 5 }
_ AjB By (1<) Ay 274 (1-2)
2.5
KKK 0x
(1-~z)
K X2 (2-w) K K x5
+ (X + AR BBy bix, +Kx2 + —SA1
A1B™By (1-w)2 Al ZAL T (1-g)
;-zxé 2, "B (4-10)
‘ )'cBl (1_W)2
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BEAIO®KT7T LI - VRECKEBROF>I VI ILE -,

h - ¥3 (o o % 2, %5
£2 AK2K3XA1.(3 2z%) hAKZKaK &xAl .
+ VA (4-11)

+
2 27A1 (1_2*)2 (l—z*)

ChL. EF. MTERZ P LKBOBROEOLY Y LY -1,

%2
hBKBgBI]/S*
4-12

(l_w*)z B ( )

¥ = v ) *2
th = {hBKBxB1 +

Tﬁézﬁﬁ&mﬁﬁ%ﬁﬁn,iﬁﬁsm,ﬁﬂ?»:~wt7tb:buw
KRBT, TheEh, KRALB 5.

3 2. x5
L K x¥° (3-22F K. K _K“x *
st = x* + 2Kx*% 4 23 A1 . + 23 exAl (4-13)
A T *ay 2" Ay (1_2*)2 (1-2%)
X
¥ - ,2 xBl
Sp = 2Kpxp, * (1t (4-14)

Lf2ioT, Ea.(4-6)ic Egs.(4-9),(4~11),(4-12) 2 KA T 5 LR GMOILER
HEE542bTRVELIL, BEPOBBREASOENTEREAET /T -OFTN
AEHBRITIOGNTNS.

Xy = ny/(n, +0p)

3

2 .
K K K. X.x. (3~2z)
A;B; B*B 5 2°3%A
= 1 + K + i S Bl § 1
E AinBl {(1-w) }{xAl ¥ 2K2xA1 * (1*2)2 b
2. 5
K KoK QXAll/S | (4-15)
(1-z) '
ﬁ=nymA+%)
K 2 (2-w) K,x
- [K < + AiBjKBXBl }x ¢ R xz . K2 374
A;BBy (1-w)2 Al ZA1 0 (1-2)
2 By
+ ZK!x + 1/8 : {(4-16)
B"By (1_w)2
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TE, BRBPIIBEETIAINTOSFEOELSEOMT I TH 2D TIRHK DA
nio.

Lo o [+ - T - -]
X i + X ; + I x + 3 ZTx
1517 A  (Linear) * 2% (oyelio) * 2% im) ¥ ;2 2%A;B;

+ XBz(cyclic) + ‘j:?le

J
2 3
K K‘B K K., x
A;B i B B 2°3%a
R R R I L o e
iB"By (1-w) Al Ay {1=2)
K.K. 8 _
- L g (In(l-z) + z + 22/2 + 2°/3 + z%/4)
K
2 *B1
+ K! + — = -
KBxBl 1w 1 (4-17}

HERETOT LI -ANETEFZPUNLDE/ T -OELFRE, EhEN,
RADS/BBEZLHTES.

z x5 {linear) * i__%"‘:i'(cyclic)

i=1 Aj
3
B TR ¢
= x¥ 4+ K. x* + hthXAl“—
N | M (1-z%)
K K., @
- —g—%—{ln(l-z*) v ¥+ 2*%2 4 2803 4 2ty = (4-18)
K
3
o 2 By
. = Rlak =1 (4-19)
Xp, (cyelic) * J-'Z-‘IXBJ- BgXey * (1)

WHENTEIL, SETOSETELNTRENMILKIIEINDEZDENS.

¥
E . T54%R4 TaBCAB
Bohys = RXa¥p! + %,G + %,G
*a T *g"Ba X T XpYap

H '
X 2 '8a%pA A X5 7ABCAR AR
Ao { — = g - }] {4-20)
AB tx‘+xG)2 (x +>:G)2
A B BA B AT AB
27T,
GBA = exp(—aBATBA) , GAB = exp(—aABrAB) {(4-21)
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T , . _2%B_
Ba © I/’ A8 ~ 31/T)

2, ald 03CEFEEINSE, TAALF-NIA-Fi3, BEO—-KMAK L KE
LTI A-%C, DERWS E

E,p ~ ZpB :ACAB + DAB(T - 273.15)
TEDHhINIZHDLT S,

4-2-2 3HIRBROBREHRREN

FLaA-AQ EFEFFYLEB) KEERSC 2MAAIETRERSE
E25., cOBE, SBNIT Egs. (4-1D~@-3) MR T, TLa- L&t
BAMOSEES LU 7E MY AL LBHRIMO#EEYFITMAGNS. T
T, L2 - LEeBHRSMB LU T b)Y M eEER oMo BE SRR

W, B2, 3BETREANEE(2-3)EQ.(3-DIcLD, ThE¥ENEDLEINS.

Ai(linear) + C1 = Aicl ) KAic = xAicl/xAixcl y (121}
Jo: CERER OH +C = OHe'rr» OH:*+C (4-23)
R R R R
i i
By +Cp =BGy v Kpo = *pyc;/*Bi%cy
B H
BC-C=N + C = HCCzN -+ C (4-24)
H H

2EL, SROMOEEERICHELTE, ¥ TOZXBEORNEWEARSEA
MEEZRWHOE LT, IRIRBALPIIRGHRLIMORBROBS L
FI{bEFELPBENFTSOME LTER.U-)TRRETED. LENFER,
Eq. (4-B) TERX N, RABROIRIBHEOD O LYY ML —IFE.(4-25) TH
RBZENTES, - '

he = [hz(nAz + DyoBy + DaoCy + J_‘:_:lnAzB‘j)
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3 (i- + 3 (i-1 + 3 Z‘.(J. -1)n }
124 maey * B0 T 2% A1Bj
0o 0 ol [

+ h zn
thyp 3ot Paje B0 T asB; 12155 A1B;

+ hBCnBlclll(nA + ng + ng) (4-25)

:CT.ny%m 1%, S A, B, COENKT, Eg.(2-26) TEZXHN 3.

(-] [--] L]
+ Eln + Xin + X Zin
217 AiB1  iZ17ACr o iz15227 AiBj
w o

Hg = anz(cyCliC) + nB + iz 1 A1B1 * igﬁjzéJnAiBj * n3101
= 4-26
I 1zﬁnA101 "B1C o)

X650, Eg.(4-25) 13, EHEREE/ VDT NDELAWTIEET S L,
3

K h K K. x, (3-2z)
;B 5B B, A2 3 A
= [{1+K + K + 2l (b K x }
hf [t AinBl AiCxcl (1-w) H 2Kz Al (1_2}2
KZ 5
KZK ax}:\1+{1+K (x -er2 + 23A hBKBxBl
+y — 5
(1-2) A3B; AL . 2°A1  (1-2) (1_w,2
+h"2 + {x + K x° +%)
BKBxBl Al 271 (1-z)
hA-B-KA‘B-KBxgl
1) “a-) S
xthy gKp B¥By ¥ Mascfaico; T (1-v) b+ hp Kpexg Xe, 1/
{4-27)
&b, ZC ",‘Z=KXA1'W=KBKBIT!60. ftxgiosERATEILANS.
K 2
AijB; BBy
= {1 +K + K ¢ —2l -
{ AinBl AiCxCI (1-w) J
(x, + Ko + gy 22)}
XX X
Al ! (l-z)
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2, 5

. KZKSK BXA]_
(1-2)
K 2 (2-) KK
i AiBJ'KBx'Bl K 2 N 37Aq
+ (B, p¥p, * Kaycep Y (12 ATV o ST
*B
+ ZKéxgl + {1-w;2 + 2yexg X * %oy (4-28)

BEHORT LI - LEBBITHT7E P PYLRBTOBROD DI YL
P -izzhEh, Bgs. (4-11),(4-12) TREN D, LEFST, ITBERDIE
ABOLENTSILE. (4-27) 2Egs.(4-11), (4-12) 2E.U-B)cRRAT B L
Hbh b,

BEEOBREAOENFELRIE /T -OELVFEOMRI, KATHFX
L.

X, = Dp/in, + ng 4 ng)

2
K bd
AiB KB By
1+ K + K. .x. +————2)
A A;B*By © "AiCC (1-w)

3 2.5
K. K. x. (3-2z) KKKGXA
23M —) + 23 Plyy /g (4-29)
(l_z) : (1"'2)

i 2
x{}.Al + 2K, x

2A1+

»
"

g = /{0y + npg + ng)

2.
K 2
AiB‘jKBXBI( W)}{x + K, x +

(1—w)2 Aq 27A4 (1-z)

[{KAinBl *

*B1
(I-W)z

1.8 -
+ 2KBxBl + + KchleCI]/S (4-30)

>
"

c = ne/(n, + ng + ng)

3
2 KoRaXy 1

[KA]‘_CXCI {XA}_ + KZXA1 + "ﬁ} + I{E.’vCX'B]_xC]‘ + xCll/S (4-31)
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Tf, BB EETATARTODFEOETNSIEE1ITHAOTRAMRD 1L
. '

o

igixAi(linear) + E:XA (cyclic) t -gakAlgl + izixAicl

+ $ 5x + X clicy t+ Xp + X
izaj=2 A;iB; 32(030110) Z B; * lcl Cy
2 3
K p X
= {1 +K, x. +K +j£ﬁgmﬂx + Kox2 234
AjB"By A1C7Cy (1-w) A 27Ay (1-2)
K,K, 6
- “5-(n(1-z) + z + 2 20 + 2573 + 2%/4)
K
p. ¢
+K.éx2+-—-B—1—+K xBx + % =1 {4-32)
Bi ' (1-w) BC™B1"Cy Cy

LEN-T, BRESE/ T -DENLSEE, E3s.(4-29)~ U3 6HF6N 5.

HERETOTLI-NETERZFIILOE/ I -OELVFRE, EAEH,
Egs. (4-18),(4-19) M HBAHZ LN TES.
WENFERINRILRICEIDEZDINS.

c G.o) c c 2
$x. X4yrtar’ zm%ﬁ]z% he'sd)
B S J:A-J 21/T) J=A 21/
h =R ¥x - i
hys =71
P 1=A > Ghl"x § AG}\I
K=A K=
(4-33)
T,
Ty1 © (851 - & M/RT (4-34)

GJI = exP(-C\’JITJI )

alE 0.3THD, TALF-NIXA -5, NFTA-FC, DERVWTKRATE
bahis. '

857 ~ 811 % CJI + DJI(T - 273.15) (4-35)
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4-3 HEERLEER

HEITHEWAPLI-ALBZEUKETEY P NOBCSEDOFHER LK.
LYY NME -, TTCKHEBTCRLAMBMLALCTHS. £2, 7Ha- Lkt
RABEBEU TP PUNL BRI MORESFHSEE2WTBALTS
%, Tables 4-1,4-2i2 O TEOM@EEFRLE. AETR, 7ha-NVeT7E b=
Y LEORED FMEARE A EHEREBRI VI IE - LT ERELE.
FPATI-NEFE P ALMORESFHMESGOETF LV ERIRICHED, TN
a-AeT7E b PULEMIC3ENOABORESFHISIIAaRAEER
£, QD 7ha=-Ae7E b bULEICiIid) O-HEORESFTHEE. Q@
Yy PRha-AEe7EFZPUNMMIZINLIEIiNIOZHBOKRESTHZE,
(3) Pra-LEF7ero b AMEIciglidI O HEORES TS
ERELE. BRI VINE-I2oWTE, ERAROBEROELZEIIVWR,
227 0kJmol B L U-16.8ki mol LicEELE. ELT, BHAFMESEOF
ﬁ%ﬁ%%%éﬁé:tt&b,7»:—»—7tb:buw%ﬁﬁmﬁé%§
L@ EGibbs EHI AN F - gEtiiﬁ.iUd:APPendix KWERLE)BALIBERDLT -
CEHTEBLEOLLARAL FOMBEREALE. GERXEBRTIIZODET
NHEOERABEHR (LY / - NW—TL b FYARLC) OKGZEFig.4-1
@),ﬁﬁMWSE&l%»#—(17/-»—7%#:%UW§%@m5®%
& AFig. 4-1(WIIcRT .

HEG, (1) OEFVRERIYYNE -4 BATKREESTHEEERE
S &< TP AE D, LRNEIRS. FE, BRIV ML - 03
ErAE<TALRNRMAESC B LDbD S, RESFMEGERE2 DL
t%é%ﬁbiﬁ&ﬁm%%?ﬁ,@)@%?wmiét,7»:—»0&Eﬁ
FELBATRABOFHEROMEH K S XBOERAT LD, LFNFS
RBEELEI LA LEHLTWAS., BRERHLTWREWTRESD, (2) OETW
REORMTH - E.

ThEMIODEFATHESH, BECibbs BHIANF - 2HELTAL.
IZORR, CHRAFOEBIBEWTRBI->EBVWRZD» 022, SKISROEH
ﬁkﬂhfﬁk%&ﬁhﬁ?t.OLQ)@%?»E&US&%%@E%%%%
B3 ERBELIEBOBE, EELKE<ARD, BRERERRTE2D
7. DEOERHSQB) OEFLERIRLE,

2HORBBOBAMOTMN
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Table 4-1 Association equilibrium constants and enthalpies
of formation for self-associating components.

Temp. K, Ko K e -ho -h,
[°¢] [—) [—1 [—1 {—]  [kJmol }j[ki mo1~1]
Methanol 25 70 120 100 S0 21.2 23.5
Ethanol 25 40 110 45 85 21.2 23.5
. K K by by
1°c] (—1] [—] [kJ-molull[kJ‘mol_I]
Acetonitrile 45 8.35 2.1 8.9 6.7

Table 4-2 Solvation equilibrium constants and enthalpies of complex
formation between unlike molecules,

System (A-B) Temp. KAiB KAiBj _hAiB -_hAiBj

(°c1 [ [—] [kI'mol-1] [ky-mol-1)

Methanol-acetonitrile 40 80 75 22.0 16.8
Ethanol-acetonitrile 40 60 50 22.0 16.8
Methanol-benzene 55 3 8.2
Methanol-chlorobenzene 55 3.5 6.5
Ethanol-benzene 25 3.8 8.2
Ethanol-chlorobenzene 25 4.2 6.5
Acetonitrile-benzene 45 0.2¥ 5.2
Acetonitrile-chlorobenzene 55 0.2% 4,3

X . .
1:1 complex formation is assumed.
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Fig., 4-1 Calculated results of chemical contributions for excess enthalpy at 25°C and excess Gibbs free energy at 40°C

of ethanol(1)-acetonitrile(2).
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Table 4-3 Binary parameters and absolute arithmetic mean deviations as obtained from excess enthalpy data
reduction.
System(A-B) Temp. No.of Parameters Absolute Ref.
[°C] data arith.
points CBA CAB DBA DAB mean
‘ deviation
[J-mol~1] (J-mol~t-K-1]

Methanol-acetonitrile 25 14 12657.50  7201.13 52.1690 27.1456 0.3 6.5 This work

35 14 9549.63 4163.24 40.5798 15.8955 0.3 5.0 This work
Methanol-benzene 25 10 -9014.81 7014.57 -31.8433 29.6340 0.3 4.4 4
Methanol-chlorcbenzene 25 18 5702.33 ° 5141.71 25.1245 34,9752 0.3 8.5 This work
Ethanol-acetonitrile 25 14 -549.86 7853.52 -7.0321 31.0975 0.3 8.9 This work

35 14 -831.07 9749.74 -3.5559 33.2319 0.3 5.2 This work
Ethanol-benzene 25 10 120,96 6986.55 4.6172 37.8916 0.3 1.7 4
Ethanol-chlorocbenzene 25 17 7005.98 3913.31 34,9408 37.1529 0.3 6.3 This work
Acetonitrile-benzene 25 15 3320.51 -181.94 21.6210 -7.8097 0.3 1.3 16
Acetonitrile-chlorobenzene 16 £6419.89 161.80 27.5282 -4.,3432 0.3 3.3 This work

25
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Fig. 4-2

Excess enthalpies for methanol(1)-acetonitrile(2) and ethanol{1)-

acetonitrile(2) at 35°C. The ordinate for the ethanol-acetonitrile

system is displaced upwards by 200 J-mo]“1 to avoid overlap.
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Table 4-4 Predicted results for ternary excess enthalpies at 25%¢.

System No.of Abs.arith. Ref.
data mean dev.
points [J-mol=l]
Methanol-acetonitrile-benzene 55 27.0 This work
Methanol-acetonitrile-chlorobenzene 48 23.1 This work
Ethanol-acetonitrile-benzene - 51 22.0 This work
Ethanol-acetonitrile-chlorobenzene 48 25.8 This work
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4-5 FRESLSHENK

Nomenclature
A,B,C = alcohol, acetonitrile, and non-associating component [—]
C;; = constant of Eqs.(4-22),(4-35) [J-mor™ 1)
Dy, = constant of Eqs.(4-22),(4-35) [J-mo1” L.kl
GIJ = coefficient as defined by exp(—athiJ} {—1
gE = excess Gibbs free energy [J'mol_l]
By = binary interaction parameter [J'mol"ll
h = molar enthalpy [J'mol_ll
h2 = enthalpy of hydrogen-bond formation of alcohol dlmer -1
[(J'mol 7]
hA = enthalpy of hydrogen-bond formation of alcohol polymer -1
including cyclic polymer [Jemol 7]
hA B = enthalpy of formation of chemical complex A, B1 between -1
i alcohol i-mer and acetonltrlle {Jemol 7]
hA B, ~ enthalpy of formation of chemical complex A, B between -1
itJ alcohol i-mer and acetonitrile j-mer [J'mol ")
h = enthalpy of formation of chemical complex A.C, between
A.C 1 -1
i alcohol i-mer and non-zssociating component {J'mol "]
hé = enthalpy of formation for head-to-head dimerization
. -1
of acetonitrile [Tmol 7]
hB = enthalpy of formation for head-to-tail chain association -1
of acetonitrile [J'mol "}
hBC = enthalpy of formation of chemical complex B.C, between
-1
acetonitrile and non-associating component [Jemol ")
Kz = association constant of dimer formation of alcohol [—]
K3 = association constant of open chain trimer formation of
alcohol [—]
K = association constant of open chain i-mer formation of
alcohol, i>3 [—1]
Kcy - association constant for cyclization of open chain i-mer
as defined by 6/i, i>4 [—]
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solvation constant of formation of chemical complex AiBl
between alcohol i-mer and acetonitrile, i>l ' [—]

solvation constant of formation of chemical complex AiBj
between alcohol i-mer and acetonitrile j-mer, i>l, j22 (—1]

solvation constant of formation of chemical complex Aicl
between alcohol i-mer and non-associating component, i>1[—]

association constant of head-to-head dimerization
of acetonitrile (—1

agsociation constant of head-to-tail chain association
of acetonitrile i—1]

solvation constant of formation of chemical complex B C1

between acetonitrile and non-associating component [—]
n = number of moles {mol]
R = gas constant [J'mol—l'K_ll
S = stoichiometric sum [—1
T = absclute temperature [K]
X = liquid-phase mole fraction of component I (—1]
W = coefficient as defined by KBxB1 (—1
z = coefficient as defined by KxA1 | (—)
Greek letters
ar 3 = nonrandommess parameters of NRTL equation [—1]
e = constant related to KCY | [—1]
Typ = coefficient as defined by (gJI—gII)/RT [—1
Subscripts
A,A = alcohol monomer and i-mer
AiB,AiBlz complex formation between alcohol i-mer and acetonitrile
AiBj = gomplex formation between alcohol i-mer and acetonitrile
Jj—mer
A,B,C = alcohol, acetonitrile, and non-associating component,

respectively
-131-



AiC,Aiclz complex formation between alcohol i-mer and non-associating
component

BC,BIC1 = complex formation between acetonitrile and non-associating

component
chem = chemical
phys = physical
f = formation
I,J,K = components

Superscripts

E = excess
x = pure liquid
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Appendix
B EGibbs HETRIL S -~ DEER
BEGibbs HHIANY - R{ILZHFELPENTELOMILINRDER,

WATREND.

E_ E E
g = Eohem ¥ gphys

X x

Ay T a G TG

X ln(—:g—) + x ln(—x—) + xAxB[ BA BA + AB“AB ]
Xay™a *B,*B Xg * %g0pn ¥t X\Upp

(4-Al1)

13, HEBERETOEEZERDLTWS.

BETHD,
12, Egs. (4-15)~ U-1NOHBEBRIXH LB &NRD

E)T-DENGE
SENTES.
O air, 0.3THD, T BLUG &, RKATEAHND.

Toa = (Ep, = 8400 /RT 7,5 = (& )/RT (4-A2)

C’BA = exp(-aBATBA) '
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)0 — I X2 e = VUL A E T
Y2 i{1t® 0O FH = %7
5—-1 ¥8

COETE, MET7ZLIA-AEP7E M) NESUBROBEHRIINLT,
ERABIEI DO hESABTETF VA, &6, P ~LEeFPEFZ YN
EUBWOAREE, REFEHF - FYICHBELTHS.

AFHETHIEODRBESHT - Y2, AEEUTOREHROIOTHES LD,
COEIBREETTORKICIE, RHEEREZEALTHEESBIES LN
HELANS. cOBET, REETIRZA2-ALTE R MY LR UBEER
DESHIH L THEEIBIPDOONEALABBETFANE, ZTho28URE
DEBLE, BREHETF - YORR L ERHBEREFEZRL GERFE D)
AEET B, b, COLESBREFNIOBRAKELARSZ DI, SRS RE
HOSEYE, BHTHF -V %, 3ROREMBELTWAE2HRORT -9
EERLNZ2HEIRNIA-—VYOILTRWTHEL, EMNELLKETS.

ABTHHIHESTRTO2RES R, SROARBHOA[K LN, 260, W
BEHF - YRIXE»OHMBTES.

5~2 ZSABEBETNVCESIWAEEFREERR

5-2-1 2BRABBROBEEFREIRR
FAA-NVEFELRNZPIADPORB2RORBREERS. H2EDPLHE4
BETIRLTERELI, PLaA-AEFEF_bPUALREREFNRECRZET
3. ¢Thbb, PLIO-LVRKELSLEINVERPTHEHRRY v -BLUZIRHY
THlcHLBERY T~ 2K T A, £5, PEFZMIARTE RIS
FhORBEFICEIDVERY A v - HRRIY T -Z2ERT 5. 6, 720 -
NEFEPZPYALHEERRESFHMESANEIIDOLL, FA4BTRLREL
AL 2EEORES FHEEVETIDOLRET S,

Fha-L%EA, PEAZPYNEBTEDTE, ROLSIETNEENS.
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2

S W B Ko = Xp0/%a4
Al + A2 = A3 ' K3 = x!_\’3/xA2xA1
Al + Ai = Ai+1 ' K = XAi'i-l/xAixAl 5 (i23)
A;(linear) = Aj(cyclic) Kcy=ﬁ/i= XAi(cyclic)/xAi(linear) y (1>4)
(5-1)
B +B =B,, kit sz(cyclic>/x§1
By + By =By, Ky =xp gy (121 (5-2)

Aj(Llinear) * By = AjBy » Ky g = Xy.p, /%, g, o (121

Ai(linear) + Bj(linear) = A]'_BJ' t KA].BJ :XAiBj/XAiXBj ' (121:;)2::
(5~

FERFREZ, MEETORYBWEERR, LESFZLYENFEDO200
HEOMTERDLENS.

{5-4)

in Ta (in Th)chem * Un 7h}phys

+ (In 1Y {5-5)

1n 7h, phys

(mapmm

FREEREOLZNFER, BEQABRARLEI(LRDELIKBOEN S,
o AL T,

X

Aj -
(In %) chem = XKIXA (5-6)
THEH, Er, ROBRHAL T,
{In 7§)chem = iji (o-1)
B1"B

Th 5. BRBIDBBREIOENDELBEIE/ T - OENLSEONRIZIWEAN
FTRICENMBEIITIBERTNWS.,
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K, p.Xp K. K.x° (3-2z)
A;Bi B B 283%4
= [{1 +K i s M) § W IV G b —=1 )
AiBXBl (1-w) A 27A (1_2)2
K2K3K29xi -
1/ {5-8)
(1-z)
Xg = np/(n, + ng)
2 . U3
- , KAiBjKBxBl(Z-w)}{ L2 K2K3xA1
= X X
4;B" B (1-w) 2 A 2°A1 - (1-2)
*g
+ ZK'xg + ————lﬁ]/s (5-9)
L (1-w)

zzT, o, vEp THD, AHOBBRMSERATEXENEG.

2 3
K KB K. K.x° (3-2z)
AiB:"B*B 253%A
S = {1 +K, .x g 23 7 Ply oy + 2K.x° 4 12 }
AiB By (1-w) Aq 27A (1-2)
2. 5
K K K0x
+.———-—-——
{1-2)
K . K.x2 (2-w) K K.x2
A ' AjBj BBy g s K 2 . 2737
¥ X X R
A;B*Bg (1ow)? Ay T *2%a T T (1og)
X
2 By
+ 2K'x + — (5-10)
B"Bj (1—W)2

BBPICEETI3TRTOSFHEHOENSER LI THIOTHRAMNENID.

oS

Z%a; (Linear) *  ZX,, (cyelie) * (5%,

« o

+ 2 ZX
iB1  iZ1j227AiBj

+ *p, (cyclic) + 5;2133.

J
2 3
K K.K.x
A:B:PB%B 2°3%a
= {1 + K, .x P St it § Y P P
A;jB"B3 {1-w) Ay 27Ay (1-2)

-137~



L2037 i-z) + 2+ 222 + 2573 + 24/4)

T B, | (5-11)
B1 {1-w} '

Lo, EHEROMENE x 6hhiF, Eas.(5-8)~ (G-1DA MBI L THRS
rEIV-OELNDEEBBZIILHTES. REFAOHT LI - LRBTOT L
1-NVOSFHROENDEOHBHII,

igaxii{linear) + ig%xﬁi(cyclic)

K K x3
o pa? 4 2 3%Aq

= X X
Ay A (1-2%)

K, K. 0
- £33 (n1-2%) + 2+ X272 4+ 2¥33 4+ 2¥4) = 1 (5-12)
K

T%é.W?tbiFU»&%?@%E@Ytb:bUW@ﬁ%E@f»%ﬁ@
Bsmi,

¥
¥ L ) X2 B1

=1 (5-13)

THE. 2T, Pekxy, WEKPR THB. TRBX, W7D - IRETO
FLA-NDEI/T-DENFELE7 LI PYARBTOT L= YLD
E)V-OENFEIX, ThEhEs. (6-12),(5-13) 2L ZkickhRon 3.

ﬁi%ﬁ@%ﬂﬂ§5m,mﬁivﬁémoﬁﬁmﬁmrmwrstmnﬁk

EnEbERDS.
2

To A G T, o0
(1n 7.) _—y BATBA __ ABAB (5-14)
A’phys B {x, + x,G )2 {x. + x,G )2
A B“BA g T Xa¥aR
2
2 Tan%an 75aCpa

x4

(ln ?E)phys = Xy + 5 J {5-15)

2 .
(xB + XAGAB) (xA + XBGBA)
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}/RT

GBA = exP('ahATEA) s GAB exp(—athAB) {5-16)

7B

37, RFOaOER 0LILEEENE.

5-2-2 S3HORBBROBEERMETRA

T~ EFE RS RULB EEKSE FMAEIRIRERE
%ié.:@ﬁé.%éﬁﬁmE%&&D~ﬁﬂ)KMiT,TW:-»tmﬁ
FaMoOEEXSTERZ MY WeEHRoMogEgYFImASN S,

A (linear) * Cy = A;Cy » KAiC = xAiclfoixC1 ,{i>1) (6-17)

B. + C, = B,C

L+ Cp =BGy v Ko = Xp 6, %5, %0y (5-18)

tﬁb,sﬁﬁmwﬁqubrm,2&9%@?—9w63ﬂ9$%—9&§
b%aa?éﬁﬁ&evm%mmtmusnrmnmmam;5v5tmn.%
i&m%@tbt.3mﬁ%%ﬁuswaﬁi%&mzm%%mmwﬁeaﬁm
L ERTE L WBENFSONL LTERRTES.
ﬁﬁ%ﬁmmﬁmﬁﬁm,ﬂﬁ%éﬁﬁﬁﬁu§d<tw®;an%6né.
xll

(in Ti)chem = ln o x. '
: I,"I

(1=A,B,C) (5-19)

“er. TRESE, *RABREZEDT. HEREBTEHERS O O /¥
—@%Wﬁﬁm,ﬁaéébrmamwf,%flvﬁé.
ﬂﬁ%/7-®%wﬁ$t%ﬁ¢®%ﬁﬁﬁ®%m%%t@%%w,&ﬁf&
BIFehTWna.

Xy nA/(nA + ng + nC)

KA :B ‘KBxgl
= 1+ K X + K, .2 + i) -l
t BBy T TA1CCy (1=w) }
.3 . 2.5
K K.x° (3-2z) K. X . K76x
0 2°37A 23 A _
x{x + 21(.-).:z + L } + ————‘———"l]/S {5-20)
Al 27 (1_2)2 {l1-z)
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XB = nB/(nA + nB + nC)

: 2 3
[{K . RAiBjKBhBl(z_w)}{ kol s h2K3“A1}
= [ s X _
A;B"Bj (1-w)? Al 2R (1-2)
A xBl . )
+ 2KIxs, + 5 + ¢y X~ 1/S (5-21)
B"Bj ‘1_W)Z hBC}'Bl C1
X = nC/(nA + np + nc)
.3
2 . K2K3XA1

- . 5-2
- {BAiC}‘Cl {XA]_ * KZXAl (1~2) bt K'BCXB]_XC]_ * Xcll/s ( 2)

soT, sk, Wy THD, AFORKMSEAATEIENG.
2

K K.x

AiB35 B By
1 +K + K x. +——l——
{ AinBl A;C7Cy {1-w) )

, K2K3x21(3—2z)

x {3 + 2K, x + }
g, ¥ KXy oz
. 2, 5
K2h3h GAAI
PR .
(1-2)
K K.x2 (2-w) K K%
K + K + AithBXBl ji{x, + K K2+ 23 M
+ G _
Ko 8%By ¥ Bayc¥cy Y Ay T T2"A1 T (1-2)
2 B
+ 2K!x- + -+ 2K X + X (5-23)
hB By (l_w)z BCxBl Cy C1

2E, ARAREETATANTCOSFEOENSEOENMI LI TH 2OTRAN
BRD D,

o0 o [~ )

I x + 3 +
Z%aiy Y iB%ai0; 185585

* sz(CYClic) ¥ jgixBj ¥ xBlcl * xCI
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= {1 K K et §
o+ K%y ¥ Basccy ¥ (1) +Kpx Al -z
K2K e
{In(l-z) + 2 + 2 /2 + z /3 + z /4}
K
.2, B
+ KBXBI (1-w) KBCXBI Cy + xcl =1 (5-24)

WL - NREBB LR TP FYNLRETOE/ T -DELFTEIIER
£h, Egs.(5-12),(5-13) » 5B 6N D, Lid o T, Eas.(5-20)~(5-22) L Eq
(5-24) 2B TERFROBEASOE/ T -DENTELERD, Eq.(5-19) K
AT RLIMAOBROFERFROLENFENTOENSD.

MEBOFESIE, CRARERAOL - ATHWARILRICL ) SHARIZHL
THwROEdIicEbah b,

ng?JIGJI J e XSy BZa RTRJGRJ
KEA KUK (o KIK kZ IR
(5-25)
T,
Typ = {85y = Bpy)/RT (5-26)
Gy = expl-ay; Tyy)

£, AhoanfEiid .3LBFBEILE,

5-3 HELR

SETHF - YA LTI, ALBRKBWTRAOT Ny F - LBIEO T
VF - LB LOAHPENRAROEBRORS LOW T, KORBF MK
HEER, TOREE LTHEE T R2D2E

*x_ X b S
#7P; = VX AP exp{v?(P—PI)/RT} (5-27)

v, PRAE, TREBERTHS . VEERSOENEETHS. ROBE
BloBilt2T® I 1LE5HIE, BHNTHD mﬁ@;ﬁtbﬁé%wﬁﬁ%ﬂﬁm2mﬁ
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BB xR TWBENT A% £BNT AntoineXIcEDHBEEIN B, 7HYF
—ERAEB2 YA RELUEAEB LAY ) TARBHFEAL6HEXNS.

In ¢ = (2 Zy;Byy = 2 Zypy By )P/RT (5-28)

MRS L EXE2 LY 7 AEREKIZ, Hayden20’Connell 2/ D EES SHE XN
5.

BETHT -FH LT}, 2HROBLABROBHTOERSIFLIRS
S EDBRANRD IO,

(x, 7,0 (5-29)

1
(X,7,}

()T = ¥
IINE, o LEELEEDT. _

HELZHAWEPAI-LEFPEF P NOBHCERAKBIT S EHERE R
IVANMNY—, BRUTZIa-EeBHREESHE, 7PN EERSHO
BREERBOSAER BRI VYN -, UHETOZRETHWAELAL
THd. FLa-ne7 b b NMoOSEERROSSEREERZ YL
E-it, BA4ETRAWEBLEULTH B, Tables 5-1,5-20WOD T EDEETL
E.oER, PHEEROHEEKRESZ, van't HoffOBRICHESI DO ELE.

rd

o -

L

ORIRABORBEEF - yi2, REOEMEEER//DIcT 5L Sz, Sin
plexiEl TR B VW THHERDO NS A - 2RELE.
AY )~ LBEVWRTEIZ FYLEZEUES

m m
F(P = . - 2 -
(P,y) {1331 ln(yA/TB)l,exptl i'—z':1 ln('rA/)_'B}i’calcd} (5-30)
IV -NEEUESE
P. ~P,
m i,exptl "i,caled 2 m 2
F(pP = -
(Puy) = L2 (— W2 15 exptl ™V, i, caled’ )
i,exptl
(5-31}
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Table 5-1 Association equilibrium constants and enthalpies
of formation for self—associating components.

Temp. KZ K3 K 2] -h.2 ‘ ~h

A

(°cl =) =1 =] =1 [kImol lifksemorly
Methanol 25 70 120 100 90 21.2 23.5
Ethanol 25 20 110 45 85 21.2 23.5
Temp. Ky Ky “hg by

1°c) [—] [—]  [kJemol }}{kJmol”]
Acetonitrile 45 8.35 2.1 8.9 6.7

Table 5-2  Solvation equilibrium constants and. enthalpies of complex
formation between unlike molecules.

System (A-B) _ Temp. KﬁiB KAiBj thiB -hAiBj
[°%c] =] [—] ([kJ'mol~!] [kJ'mol-1]
Methanol-acetonitrile 40.. 80 75 22.0 16.8
Ethanol-acetonitrile 40 60 50 22.0 16.8
Methanol-benzene 55 3 8.2
Methanol-chlorobenzene 55 3.5 6.5
Ethanol-benzene 25 3.6 8.2
Acetonitrile~benzene 45 0.2% 5.2
Acetonitrile-chlorcbenzene 55 0.2% 4,3

*1:1 complex formation is assumed,
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3 8RO EREEOHECE, Wl BLUhE e ENRENTNSHE
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BERERLE.

TLL b RA Y FRHATEIRAROBBEH BT, 2RIRET NS 3
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Fk, ¥4S54 VOB LHBENEREZICEDLTIWS.

Lo TRERED, XEOXSBREFVIE, 7ha-AS7b2 Y
VESUBBOARTE, RRTEEMRABERT S LHLT, HAKEN-
TwazedREhE,

5-4 #E

COBETE, NEETRSWIRSRICHLTHRARP B NI ELEGE
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BEEF-Y1d, SHORLMATIE2RART -y o6BoNB2HMA RN
SA-YOAMEBRTEBT LEWBNELE,
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Table 5-3 Binary parameters and absclute arithmetic mean deviations as
obtained from vapor-liquid equilibrium data reduction

System(A-B) Temp. No.of Parameters Deviations
(°c]1 data : _
points Epa~8aa €45 Epp %an Vapor mole Pressure

[J'molql][J'molull [—1 fraction [mmHg]

[x103]
Methanol-acetonitrile 30 8 -1845.70 1701.17 0.3 8.9 1.8
55 13 2325.88 -2225.10 0.3 2.0 1.6
Methanol-benzene 65 9 1455.08 -648.68 0.3 8.0 3.4
Methanol-chlorobenzene 55 13 769.29 269.29 0.3 3.3 2.3
Ethanol-acetonitrile 40 14 -894,04 2280.76 0.3 6.3 1.2
Ethanol-benzene 45 12 1090.63 -239.06 0.3 9.9 2.8
Ethanol-cyclohexane 35 7 -240.91 1361.76 0.3 7.9 2.0
Ethanol-n-hexane 40 16 -7.69 1243.53 0.3 4.7 1.7
Acetonitrile-benzene 45 11 -1561.17 3067.38 0.3 2.9 1.2
_ 55 12 -1612.79  3381.72 0.3 5.8 ‘1.6
Acetonitrile-chlorobenzene 55 11 -1741.46 4329.76 0.3 5.6 i.8
Methanol-n-hexane 25 Ms¥ -768.18 2529.92 0.3
‘Acetonitrile-cyclohexane 40 MS 2848.34 3481.52 0.3
Acetonitrile-n-hexane 25 MS 1965.30 4922.10 0.3
40 MS 2236.09 - 4238.09 0.3

*MS = mutual solubility data
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Figo 5-]
Vapor-liquid equilibria for {a) methanoli(1)-acetonitrile(2} at 550¢
and {b) ethanol(1}-acetonitrile(2) at 40°C, Calculated( ).
Experimental {®) methanol-acetonitrile, data of Nagata et a1?);
ethanol-acetonitrile, data of Sugi and Katayama?a)
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Fig. 5-2

Vapor-liquid equilibria for (a) methanol(1)-chlorobenzene{(2) at 55°C
and acetonitrile{1)-chlorobenzene{2) at 55%C, Calculated( ).
Experimental (@), data of Nagata?’
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Table 5-4 Predicted results for ternary vapor-liquid equilibria

System Temp. No.of Abs.arith.mean dev. Ref.
(°c} data
points Vapor mole Pressure
fraction {mmHg ]
1x10°]
Methanol- 5.5
acetonitrile- 55 17 3.4 5.7 19
benzene : 4.2
Methanol- 6.7
acetonitrile- 55 17 5.5 6.8 6
chlorobenzene 1.3
Ethanol- 5.7
acetonitrile- 45 21 9.7 6.8 T
benzene 7.8




METHANOL

ACETONITRILE n-HEXANE
Fig. 5-3

Ternary liquid-ligquid equilibria for acetonitrile-methanol-n-hexane
at 25°C, Calculated( ). Experimental tie line{ &— - —e ),
data of Kikic et al?) Concentrations are expressed as mole fractions,

ETHANOL

ACETONITRILE n-HEXANE

ETHANOL

B
ACETONITRILE CYCLOHEXANE
Fig. 5-4
Teranry liquid-liquid equilibria for two systems at a0°,
Calculated( }. Experimental tie line{ e— - —® ):
A, acetonitrile-ethanol-n-hexane, data of Sugi and Katayamaze);
10)

B, acetonitrile-ethanol-cyclohexane, data of Nagata and Katoh,
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5-5 fFRARSLEEXH

Nomenclature
A,B,C = alcohol, acetonitrile, and non-associating component,
respectively (—]
B, = second virial coefficients [cmsmolnl]
F = objective function [(—1
GIJ = coefficient as defined by exp(—athiJ) [—1]
g1y = binary interaction parameter [J'mol-ll
K2 = association constant of dimer formation of alcohol (—]
K3 - association constant of open chain trimer formation of
alcohol [(—1]
K = association constant of open chain i-mer formation of
alcohol,i>3 (—])
Kcy = association constant for cyclization of open chain i-mer
ag defined by /i, i>4 {(—1
KA-B = solvation constant of formation of chemical complex AiBl
1 between alcohol i-mer and acetonitrile, il [—]
KA-B‘ = solvation constant of formation of chemical complex AiBj
e between alcohol i-mer and acetonitrile j-mer, i1, j>2 [—]
Ky = solvation constant of formation of chemical complex AiC1
i

between slcohol i-mer and non-associating component, i>1(—]

agsociation constant of head-to-head dimerization
of acetonitrile _ [—1]

association constant of head-to-tail chain association
of acetonitrile i—]

solvation constant of formation of chemical complex B C1

between acetonitrile and non-associating component [—1
number of data points i—1l
number of moles {mol]
total pressure (mmHg )
vapor pressure of pure component I {mmHg ]
gas constant [J-mol_l-K-l]
stoichiometric sum [—1]
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T = absolute temperature (K]

v% = liquid molar volume of pure component 1 [cma-mol_ll
Xy = liquid~phase mole fraction of component I [—]
¥q = vapor-phagse mole fraction of component 1 t—1
W = coefficient as defined by KBxBl [—1]
z = coefficient as defined by KxAl {—1
Creek letters
& 3 = nonrandomness parameters of NRTL equation [—1]
£ = activity coefficient I [(—]
e = constant related to Kby [—1]
Ty1 = coefficient as defined by (gJI~gII)/RT [—]
#r = vapor-phase fugacity coefficient of component I [—1
¢§ = vapor-phase fugacity coefficient of pure component I
at system temperature T and pressure P; =
Subscripts
Al,Ai = alcohol monomer and i-mer
AiB’AiBI = complex formation between alcohol i-mer and acetonitrile
.AiBj = ?omplex formation between alcohol i-mer and acetonitrile
Jj-mer
A,B,C = alcohol, acetonitrile, and non-associating component,
respectively
AiC,AiCI'= complex formation between alcohol i-mer and non-associating
’ component
BC,BIC1 = complex formation between acetonitrile and non-associating
component
chem 7 = chemical
phys = physical
I,J,K = components
Superscripts
X = pure liquid
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