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Conductance Behavior of Tetraethylammonium Halides in Water—
n-PrOH mixture at 25C

Susumu KAYO . Yosei UEHARA

Summary

The conductance of Tetraethylammonium Halides in the vicinity
of azeotropic mixture of water and n-PrOH was measured at 25TC.
The results were analyzed by using Fuoss-Onsager conductance e-
quation and Walden’s equation, and discussed from the point of
view of solvent structure,

In the vicinity of azeotropic mixture, conductance behavior of
(EnN)*, which is considered to have hydrophobic interaction with
solvent is quite different from those of Cl, Br, I which are consi-
dered to have ionic interaction with solvent. The Stokes’ radious
of (Et,N)" becomes maximum in the azeotropic mixture, while
those of Cl°, Br™ show minima, but Stokes’ radious of I~ appears
to be rather small maximum in the mixture.

From the data about the ionic conductance and Stokes’ radious
of (Et,N)", it is considered that the hydrophobic interaction in-
creases in the vicinity of Water -n -PrOH mixture (n-PrOH : 10.72
molgg).

In the Water -n-PrOH mixture, the partial molar volume and
mixing heat become minimum values at the region of 5 to 7
mol% of n-PrOH concentration. Therefore at this region, the alco-
hol molecule will go into the cavity of water structure. When the
alcohol concentration increases above this region, the water struc-
ture will be broken down and produce new hydrogen bond of
water —alcohol, at the same time, water molecules which have less
hydrogen bond will be produced those water molecules will make

hydrophobic interaction with (Et,N)". In the vicinity of azeotropic
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mixture, those water molecules will be maximum in number. Above
this region, therefore, as increasing n-PrOH concenration, the num-
ber of those molecules will decrease and hydrogen bond between

water and n-PrOH will be increasing in the region investigated here.

1. # M

A v — BB ERIC D WTIE, Fuoss HiIC K - TESCEE OBEBR V@M N TLUE,
K., FEKBE, RUOENEOREBEBHEP COMBIMERE /T A —2 (BREYBEEE (A,
AA S ZRFA—n— 2, £BEHK) EEoTRAICTFREDNTE 5D

A Ay L2 DREVEBLA 4 v ORAEMEECBEDOFERIZ T TR IBHEBEZD
HLDICHBWIDDDEFE S TWATH A5 &, FIAIE, Brr&l™ OBREEE M IKIEH
FCEBr A" KD bREL, 7N VBEEPTRERICLDZENDO DS TT D,

Fuoss HDERFERNOCBONDIEEE T A -2 —EE-oTHENIT DL, LEEDZ &N K
DO Do

Hawes % %, EtOH —H,0 B&E#E TOKCl & CsCl DE#E % #I%F L EtOH 60mol % 113
I2 A0 CHEBR A A > SRR HBMEERDC & &R LIS

F, Evans Hi3, EHERAFF -7 b &n—PrOH D& B, RUENODEEE
WTCDO O MTF FFTTNINT =y MEAOEREERIE L, Fuoss DA TF — £ &
WM L TIRD & 5 R E BT NES Cl™, Br-, CIO D&F F 37 AVEAT v E=v LI
DOWT, n—PrOR TGP TidA A V4B NRKELK LD L EGEAERORELLDY, 7 ¥
PTCIRA A HENREL LD EEBEERI NS LR VPDEAMETRT . iz, BABHES T
BaREEMMNCL HOBE, 7 04mol 4F, Brr O3S, 0.6 mol /4%, I~ HEDB
£, 08mol AEDEZ ATENTNE NI D,

Wi, Copln®id, S5 WMRESHEBBPTOS tokes HENIBHMME L BVI LD DH BT
EERLTNES

ECT, EBEFIIA A LBBEVBEBEOENC o TEDXOBNERMLHEEERZ L
TWBDNERDIZHIZ25TCTTOn —PrOH—H,0 B & 7 i # «C H51F 3 tetraetylammonium
chloride . tetraethylammonium bromide, tetraethylammonium iodide M= A HITE L /oo

—#&iC, alcohl —H,O BABMFECRERDFBERERF ORABKEEFRICHAYNCEDIC &,
E)VEBR, BE#E, EEN DY EOSREERT C L THREND D,

4@, n—PrOH—H,0 BABEDO KB AMEOEBERFDRSIBHBTFTTD A A ¥ L IBE
OAHEVERIC D NWT RN, BHE C tetraethylammonium halides% f Wz D X2 h #39EK, B
S g B <) 3 C & & tetraethylammonium A A > 8ISl & D A A B EB N
B GREBHRBENEEIC NIV OTar A 4> OEEEOHEEERE X DESMNC
TECEHNTEDLEAONLIDOTH D0

WERFILT X CFuoss FOEEER, EEEHOR, KU Walden DX &2 B WCTHEfI XN/,

2. HHORM S ERE
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Et,NC1 D¥fH
Et NC1 (48R3, FIRILE THRERAESH) 13 THME/R OO THME T IC25g 225
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oml OEMEEE AAICERE L Stock solution & L THEEMA L1,

Et,NBr D48

Et, NBrUEfEE#E, ERBTHEEREH) Lm0 2 g/ - VICBRBL, oF bz -5 )
(R atsE, MM THEAERNEH) 2MABERSY, 77 A7 4 V&~ CTHA |k L Y
ATNVADDF Y — 20T 2 EEEEL THERLU .

Et, NI 0¥ 8

H) TIEEBLS T A7 4 —TRFEBLTHRET, WTT—BEESRL THRBL .
KCl ¥ 54

KCl (4587503, BIR btk Na) BHEEARLVBHEG L2 bDEMA L,

n —PrOH D fE &Y

n —PrOH (45K, BELEHNE&H) 221 OFB7 7 A2 THEFLHAIS5~9T5TC
ETOEKSDED 200l ZE OB EPHEFEZEHFBRL 2] O CFAER L.
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il EWERAERtEILADOBEBORNEE

LM &®m (H,PtCly) 1g %30nl MERKICIE N LEMO MERE N D0 £ DIEWIC R
HBERFEHA L)V (BboTEZ v LB v ARBHAL S THRET D. ) 2 ANMRAEE IC—54
M9 2#20mA (D.COOEIRAEN L, D XIC30F [ CHEBRIC MMEAEH IS 3 2 M2 o
UEDOBIECHERIT NS CLFIBRAEM U BELEBENOBASROBESH>EL TN
WEWSHRTH D, W Lk o In b VIZAEBK CTHeE U — AR K ICE® LicIc R L.

iv R &

AP FRICE TR D 2 DOWELE TERREIT > 2o T, Et,NBr, Et, NI i2DW\WTIE1
DX HuERTIFEHEOBRAEHE (740, 1072, 1936 mol %) AWM UIERMT25TCIC 1
RHER D WICHOXSBEE Y » TICEBEDD=207 7 2a0—F00LDPICHTL
22— 7T5 SR LAIEEN—BICAEHLLLBRLUCEBEZZSICMAREEFT - 12,
ERR AL BRVEE AR VB LITWIBEZEA LIS T 28 DL ERIET 5o
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3. £ E

(1) n—PrOH BBEL{LICX T 5 tetraethylammeonium halides O % Rz 8

BIERRIEIBI~NICRLTH D, o, B4~6Li@2OMELR7ay FEHLTHD:. E
MOBESME K SICn — PrOH WEMIMCH - THEREME L LOE BT b LTS,
ZAULE 2 ~ 3 2 SRS X N BEBAR R I %\ T idkn —PrOH M & 3t i Bt i L,
EEREN L TWDZ oA A YOBBEFELTHHIELEERL BN,

FiC, FBHFICSVTHREREICHTIEMRE RS & X OFERTEIZH VT HBr™ S
I8, Cl- LD HAE <, 8IiC10.72 mol FIC VT IEBr™ M &1 R UCH ™ I & 4R
DEMPBRICHED.

— T, KBS HWTIRBr BI79C L0 b hEuBREEFED, ChEBBHGTE
CE T3 b0 TH B4 Born DERIC LS ERDESICHITESY CI° @Bk 1 B0 T
FRELSOMEIE NI DEEF K E NCDICBEES P E 0, 17 ESoks MR OELEERLE (F
JBiBr- VS WBEE AR D, SIS ERERSE DO ER— A 4
MEMEBFA A v ODERMBHEEICEGINBIETTRLA A O ENELEEICERE <
EBgINTHDLDEEAOND.

n—PrOH 10.72 mol T (RS TI EECI™ EOEREBEIGIEL TS T &1
DNWTHEBREBEEIF VI OLDEEAGND,

CNODLEND, HBEHEMEE L OEHP THA A4 BEIFEICH L CHRL A 4 O3
LA EHELBICBDONG, 86, BROLEE— A F VIBEERIA 4 v O3LER
HEEZIEGELTWSLSLEDNS.

Table I. The eguivalent conductance of KCl in 0 PrOH-H, O mixtures at 257

n—PrOH: 7.40mol % 10.7%2mel % 19.36mol %
Cx10% A A* Cx10° A A* | cx10°® A A*
1.039 7570 — 4.447 6275 — 3.981 45.56  45.64
1.650 7476 — 6.460 62.08 6208 | 5267 4507 45.07

2.402 74.06 74.05 7.370  61.74 61.74 6.236 44.72  44.70
3.300 73.45 73.45 | 8645 6131 61.37 6.884 44.44  44.48
4.237 72.67 72.94 | 10.067  61.00 61.00 8.187 44.14  44.09
5.043 72.45 72.565 | 10.631  60.86 60.86 9.435 43.76  43.76
6.104  72.07 72.10 |11.810 60.63 60.63 | 10.162 43.53 43.61

A* : graphically corrected data,
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Table II. The equivalent conductance of (Et, N) Cl

FrFIFAT vE=Y LEOEBE

mn n—PrOH —H,O mixtures at 25T

n—PrOH : 7.40mol % 10.72mol % 19.36mol %
Cx10? A A* Cx10° A A* Cx10? A A*
1.202 61.57 = 1.262 52.68 — 1.202 42.59 ==
2.395 60.93 == 2515 50.89 50.89 2.395 41.26 41.26
3.579 60.58 60.60 3.758 50.16 50.29 3.579 40.39 40.60
4.754 60.18 60.18 4.992 49.68 49.79 4.754 39.84 40.06
5.920 59.94 59.81 6.216 49.31 49.38 5.920 39.49 39.61
7.078 59.49 59.49 7.432 49.02 49.02 7.078 39.23 39.23
8.226 59.22 59.22 8.638 4891 48.71 8.226 39.06 38.88

A* : Graphically corrected date

Table III. The equivalent conductance of (Et,N)Br in n—PrOH—H,O mixtures at 25T

n—PrOH : 7.40mol % 10.72mol % 19.36mol %

Cx10" A A* Cx10° A A* Cx10° A A*
0.491 68.92 = 0.737 59.95 = 1.211 47.49 47.49
0.957 67.90 67.90 1.360 59.00 59.00 2.447 46.80 46.81
1.323 67.63 67.62 1.987 58.57 58.45 3.447 46.43 46.43
1.780 67.15 67.27 2.578 57.88 58.03 4.856 46.03 46.03
2.362 66.88 66.93 3.058 57.57 57.73 6.007 45.78 45.78
2.971 66.64 66.64 3.571 57.44 57.44 6.987 45.65 45.59

A* : graphically corrected data

Table IV. The equivalent conductance of (Et, N) I

in n—PrOH—H,O mixtures at 25T

n—PrOH : 7.40mol % 10.72mol % 19.36mol %

Cx10° A nE Ccx10° A A* Cx10° A A*
1.557 6450 6443 | 1487 5135 51.16 | 1.584 4479  44.70
2.335 6397 6397 | 2242 5062 50.62 | 2.384 4383  43.83
3123 6356 6359 | 2995 50.08 5015 | 3.174 43.06  43.11
3.899 6322 6326 | 3747 4968 4975 | 3.957 42,46  42.49
4681 6297 6297 | 4494 4940 4940 | 4.746 41.93 4193
5463 62.79 6272 | 5238 4915  49.07 | 5.507 41.49  41.44

A*: graphically corrected data.
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Fig. 4. The plots of equivalent conductance Fig. 5. The plonts of equivalent conductance

of Et,NCI, Et,NBr, and Et,NI as the
function of the concentration in n—
PrOH-H,0 mixture (n—PrOH :7.40mol
%) at 25T.

50

of Et, NCI, Et; NBr, and Et,NI as the
function of the concentration in n-
PrOH-H,0 mixture (n-PrOH :10.72mol
%) at 25C.

DA\\H

=
A%2}
]

=
o
T

Equivalent Conductance (mho -cm?)

Fig. 6. The plots of equivalent con—
ductance of Et,NCI, Et,NBr,
and Et,NI as the function of
the concentration in n-PrOH -
H,0 mixture m-PrOH : 19.36
mol % ) at 25T

35 i L 1

10




120 BB FE: FF5IFAT VE=D LEOEME

2) (M A5 A — 2 —
Fuoss %J){ﬁi‘%‘ﬁiﬁ.w
A=A, —Sc}ﬁ:m'%ﬁ" Eerln (6E’|cr) + Ler — Kqerf?A
S=al,+ fo B
a = 08204 x 10° (DT )*
fo= 8250 / 7 (DT
E'=E/A,~E,
E'= 2942 % 10°/ (DT Y’
E,= 0.433 % 10°/7 (DT
L=L,+L,(b)
L,=3202E A, - 3.420E,+ a §,
ab=16.708 X 10 /DT
L,(b)=2E;A,h ®) + 44E,/3b— 2EInb
h®)=(2b°+2b-1) /b
f*=exp (— 8405 X 1%t/ (D’I‘}“}z ]

CCC TIAMBEEE, i kB, DIz BE, TREE, a34 A4y A X852 —-8—, |
HERARTH D, ERcRI~NOHhDZ 5 7 FTRHIE L 4REEEAERA LFACOM
235 computer C /b BE - L VIEHE T A -2 A, K, a ZHHE LIz, TLTEDER
HBVICRELTH D,

Table V. The conductance parameters for (Et,N)X (X: CIl™, Br, I" ) and
KCl in n-PrOH-H,O mixtures at 25T.

Ao a) K S E ]
n—PrOH: 7.40mol %
KCl 77.28 7.7 6.4 56.97 26.51 344.0
(Et, N) CI 63.67 5.6 2.3 52.71 20.69 2113
(Et, N) Br 69.83 9.7 5.7 54.64 23.32 113.7
(Et, N) I 66.70 6.6 2.7 53.66 21.98 81.0

n—PrOH: 10.72mol %

KCl 67.58 8.1 5.3 53.79 30.94 371.2
(Et, N) Cl1 53.69 6.7 6.1 48.83 23.19 256.6
(Et, N) Br 61.32 20.1 15.6 51.56 27.44 596.2
(Ety N) I 53.47 7.0 8.8 48.75 23.07 268.2

n—PrOH: 19.36 mol %

KCl 49.82 6.9 11.5 52.06 44.34 349.0
(Et,N) Cl 44.09 5.4 10.6 49.23 38.24 243.9
(Ety N) Br 49.30 6.0 2.2 51.80 43.78 304.4

(Ety N) I 48.00 6.3 22.9 51.16 42.39 308.6
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Table V. The limitting equivalent ionic conductance of K', (Et,N)’,
Cl", Br, and I in n-PrOH-H,0 mixtures at 25T.

n—PrOH Concentration

7.40 10.72 19.36 (mol %)
K 38.64 33.79 24.91
(Et,ND" 25.03 19.90 19.18
ol 38.64 33.79 24.91
Br 44.80 41.42 30.12
I~ 41.66 33.57 28.82

i. BRYBRENEACEERS 4 YRESEL

FZVOBEYBEEEA, & R VIO &G A A > 4 BEEE 22 1d n— PrOH O 8 B O fin &3t
RO TBENS RERMENETRT, RVIOHERA A > Y REVERKERPTOK &Cl OB
BEOHEOBRENIZIFFEL VD ENO A, (KCD) =+ 22 ICRWT A= 2- 2 L THhO
BEAFOBRYBHEACENTROILMBTHSD, £CTK', CI7, Br OB A A+ >~ 4 &iz
HEEAZRDELn-PrOHOBE LILICILIIAKELRBL LTS, Fio, I7 EDO2WTIHEDEAL
D ERRDA A DENEIERE > TVWD, n—PrOH 7.40mol B 5 5 10.72mol% ~id A& < ik
AL, 10.72mol % 5 19.36mol % i/~ v, B, (EtyN )Wa: 10.72mol % & 19.36
mol% M3 HIEIEE L V.

ZDZELD, NidCl P Br &3R4 mER s OHEEBE LTWdEBbhd, (Et,
N DB EMD A A4 > LS SR 5 B — EEHEERAE LTW3, £hidK, CI, Br,
B A A+ HHREERELTWBDOICH LT, (BN ) 1 BAKHEEERE TS md i
L Bbnz,

i SEEPEELAF YA INSA—%— a

LHENRFA B —THIA A EREEPRKEA A A XNRF A -2 —a|F FRVICRX
NTWHWd, EN6EIKR4, 5, 6 OO R ICIEH CHEXN D, > TRERTO A A
Y EFDF - REME S TORTCIRERNEBNE T DCIEA T TH D FEMILHEIR 21T 5
BEOIKF— 2R Y P ESLDTHENEDHDEBOND, 50, Br iD 7" 7 ikl itk 2 45
TEIHIERODAERLREEZAGATHILDLEDND,

H->T, ZCTRKEa (ICDOWTEBHMCEEZETT S, Kikn—PrOH # I & L Hmd 2
i Z R L TV, Fuoss D2EEMOR : K=4xNa’e® /3000 #5723 &InK 13 1.7 & I
T B, BT InK & 1 /eOBEIRENT NS, MO LSEEBKIZIZEIF Fuoss ® X iC 3
S5bDEBEDOND, aiZn-PrOHBEOHMMCH L THEVEMML THEWVEIICRA D,
XEMN10.72mol%B DEHC ML T WA LS5 IC BONDHIERMLERL D DDONEHOBT
EET D,
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Table VI. The Walden Product and Stokes’ radii of K', (EtN)*
CI-, Br~, and I” in n-PrOH-H,O mixtures at 25 .

n—PrOH : 7.40mol % 10.72mol % 19.36 mol %
Ai /i Ra Ai n Rs Ai 7 Rs
K 0.7052 1.1621  0.7130 1.1494 0.6315  1.2977
(Et,N)" 0.4568 1.7940  0.4199 1.9517 0.4862  1.6856
cl- 0.7052 1.1621  0.7130 1.1494 0.6315  1.2977
Br~ 0.8176 1.0023  0.8740 0.9377 0.7635  1.0734
I 0.7603 1.0779  0.7083 1.1594 0.7306  1.1217

Table Vl. The values of InK against the inverse dielectric constant
for (EtN)X (X:CI', Br, I") and KCI in n-PrOH-H,0
mixtures at 25T.

Inverse Dielectric Constant

0.01567 0.01712 0.02123
KCl 1.86 1.67 2.44
(EtsN) CI 0.85 1.80 2.36
(Et,N) Br 1.74 2.75 0.81
(Et,N) I 1.01 2.18 3.13

(3) Walden i 7 2 & Stokes ¥4 R, (r,)

# Vi Walden DR, : r,=ZeF/ 6x7° 3] KD EL SN /-Stokes R, TH D, 1, DIEELHE
#R35&K', CI°, Br in—PrOH 10.72mol % TH/NC7 545 (Et,N)', 17 i3 10.72mol %
THAKZERT,

Mashima *& &, i-PrOH~HO R&E#HOLIC], Li I, KI® solvation number % Bl
L, LiClidi—PrOH2156mol % T, Lil i 12mol <, KIi& 10mol % ft 1= Solvation
number N K XL BRMEICKRDZ EER L, BHIRZEDHHE L TFrank— Wen modelm)&
AWK L kR TAELBEBEZEOLOLEEL, Clr e Tkl O T RS2 BHH
% FD A% Solvation number (Z IZBfHBO—B L MBS L TR WD EHE LTINS,

FZT, RVITClL O 2419.36mol BDECATAREL L > T WBDiEZZ T Solvation
number 2N IML THWDZ AR TFREINZ, [T OEAIF10.72mol% @ & & A< Solvation
number B MATNBZEEZHND, Cl &I Dr,PAESICOVTIKCI D, 8 " DEN K
DREWD (10.72mol % BERHELHIFFZEL VA ZCR [ OLOBRKETHB)e EhiT
Mashima S 2481 Lz & 512 Cl~ OB S A (iR & B B OEERD F AR RS AR LT
WaH, 1" D5ERIBHBAKEAEZ-DICBHEBO—TOBESTF Lo Bl SE KR
LTwanbneBbhd, (E,N) EEWEEBEERAA>THB, LT, KBS
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i BKMEAEERETBEDIC A A~ OEBEICCage B XN, D CageDIEHBEE
%It T 2. (Et,N) ®r 2 n—PrOH 10.72mol % THEA % 7k L2 Z TH/KHEAREIEANE DO
NTHW3, 19.36mol B Tr, AKX < HL LTWHWBADidn—PrOH # B O3 InT & & 0 sk
HBEEARSDONIIZDIELBDAD,

XT. n—PrOH BB 10.72mol BT DI MEM BRI AE L, X610, (Et,N)" 0 B
KM EEAIAKZENE NS T EIFRERY DD, BEHL, I TRKDKEREH n—PrOH
DEETERCLE LA ITOBHEBOBESFES L (EtL,N) ofFfE cCage 2K LT
WBEES FOKEHSERELTVWDIODEBDND, £LT, n—PrOHEE 10.72mol %
T AFHED AR TH DL BESHOBEEBEDYHENE LTHBOTRKDHDIBRT
HdEBbNB,

F/o, Br bl &AL BNEEBENBED A A+ > TH D,

LL, BiEOMEEBEIEBr SRMAEDEBSTHNBIEIICBDODND, i, cN
TERLLHEDZBETNELTWVD, BICOBRICEK SICKAKRBPTBr OBBHENT OEHh XD
AKEVDIRBBERTIIBr DIES505 44 ¥ R(BPF /NI ETHEDT KD ENST &ICA
Do
FDTENOLT, HEAIBEEMEELRE - CBBEPTEMNENCERNICKDIA A DOREIND
BOTREVWNEBDOND, TELTECIC, A4 Y LBEREOERNTAHEERNE U4 D
AA>OHMCEEESABZOTREVWIEEDNS,
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