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ABSTRACT

The apparent and partial molal volumes(¢, and ¥°) of a series of homologous -alkylamine hydrochlorides
C,H.yyy NH;*Cl™, where #n varies from zero to four, have been determined by means of a float method
.at 30°C to the fifth decimal place down to 0.01M in aqueous solutions.

The experimental results indicate that the partial molal volumes of the salts are almost additive for
:succesive homologues depending on the increment of molecular weight (CH,).

It has been observed that the concentration dependence of the @, are linear in general and limiting slopes
;are positive and relatively close to the theoretical values. Anionic partial molal volume of chlorides
anion V°q- is found to be 18.6 ml mole™!, which is in good agreement with the results of other wor-
kers. ¢, data also show that in solution the hydrophobic effect of ions are in competition with the

-charge effect, but the latter, that is, electrostriction seemed to be considerably predominant.
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n-Alkylamine hydrochlorides C,H,,..NH,Cloll4 z=0ol4 n=471x] olz& ESHTE MK
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o},
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o] BRiElolch, =3 @EME el = ¢, Wbt LEMNe s ERMolZ limiting slope = positive o] o]
bRy BERfE] 17h$kvr. 4t anion 9l E#F0]-2 Cl- 9] partial molal volume, V°CI-2 18. 6] mole™!
2% fUHREES data o} KW Z —FIHTE. 6, # Bz ¥l o] 22 hydrophobic effect 2F
<harge effect = # 9] BAHKAESI Y} charge effect -F electrostriction effect 7} B4 3¢t}
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TABLE 1

APPARENT MOLAL VOLUME OF n-ALKYL AMINE
HYDROCHLORIDES IN WATER AT 30°C

Salt (molacs-l_l) l I?g-om(lé:‘)%) (ml mgle'l)

0. 0101 0.18941 34.9

0. 0150 0. 26452 36.0

0. 0203 0. 35662 36.1

0. 0252 0. 44087 36.2

0. 0302 0.52774 36.2

NH,CI 0. 0502 0. 87587 36.2
(0. 06970) (36. 24)V

C » ) (36. 36)»

0.0701 1. 20506 36.5

0.1001 1. 71190 36.6

0. 2001 3. 35652 36.9

0. 3002 4. 96718 37.1

0.0101 0. 14369 53.5

0. 0152 0.21227 53.8

0. 0202 0. 27563 54.1

0.0251 - 0. 33637 54.4

MeNH,Cl 0. 0300 0. 40103 54. 4
0. 0499 0. 65968 54.5

0.0701 0.94184 54.5

0. 1000 1. 31021 54.7

0. 2002 2. 55185 55.0

0. 3001 3. 75494 55.2

0.0101 0. 11365 70.6

0. 0151 0.16917 70.6

0. 0259 0. 28608 70.8

EtNH;CI 0. 0301 0. 32788 71.0
0. 0506 0. 54930 71.0

0. 0702 0. 74655 71.2

0. 1004 1. 03785 71.5

0.1992 2. 01300 71.8

0. 2997 2. 96790 72.0
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Selt t (m ole:- )] ‘ ]ooom(ld-‘g‘)) (mi mzfe_l)
0.0101 0. 09928 86.1
0. 0151 0.13781 86.1
0. 0200 0.19398 86. 2
0. 0250 0. 23317 86.6
0. 0300 0. 27955 86.6
n~PrNH,CI 0. 0500 0. 46373 86. 7
0. 0700 0.63551 86.9
0. 1000 0. 86869 87.3
0. 2001 1. 68185 87.5
0. 3000 2. 40358 87.9
0. 0100 0. 08034 102.0
0. 0151 0.11953 102.1
0. 0201 0. 15545 102.3
0. 0250 0.17439 102.3
0. 0300 0. 17766 102. 4
n-3uNH,Cl 0. 0501 0. 37817 102.5
0. 0701 0. 50488 102.8
0. 1000 0. 72042 102.8
0. 2001 1. 30499 103.5
0. 3000 1. 85363 103.9

1) Data of F.]. Millero et al

2) Data of H.S. Harned et al

B5EfED NH,Cle] B3t H.S. Harned et. al F.]J.
Millero et al 2} data =3} CH,NH,Cl o] tJ3& R.E. Ve-
rrall et. al¢] data & Tab.1 B 29 H@istol Matat
gieh. el data o WRBEGEAAA T~z
doE FEE ¢ 5 Aok

TABLL 2. VALUES OF V° AND S, FROM THE EQ (1)

FOR RNH,Cl IN WATER AT 30°C

Vo
Salts ml. mole~! ml. mole”! C ¢
NH,CI 35.5 2.30
CH,NH;CI 53.8(53.81)* 2.68
EtNH,CI 70.4 3.01
n-PrNH;Cl 85.9 3. 40
n-BuNH,Cl 101.7 4.45

*

Values of Verrall and Conway

% B
(1) -RNH,CI FFI0IN 7° sftel Al
B Be BRdse RBMRE Eol M
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= FKEMEC —ES V° %2 partial molal volume o}
Eolvte #HAIEe] vk A& sl ok, o)
A CoHanin B2 FRFE Eaﬁfﬂﬁ fEfIR{bAFE 7 C=1
B CH, ol AFste] #m=ls RKBEY 4T
CH, £24 Felvrte FHEZ 2 9 Bgolu
Tab. 2 ¢ Zrsl RNHCl &S] Vo3e ndd e
I 2 R A% RizEe 98 AL 4 4 U

Vce:Nu?cx—V°CH,NH§CI—=V°prNH§c1’—V°E:NH§C1_=

Vosunic —Vpamic =4V, x.)=constant. [8)

B Vorx-& A5 RS partial molal
P
ot Vorx=Vrix-—b(dm, w)=V "+ V°x_—b(dm,
w) (8). Vorix-=VOrix-—b(dm, w)=Vp+V°x_—b
(971, T) +eeererrersmsemstentanesaseassntrsneneaaesstanransanes (10
{5 (9) (10) oA Vortx-, Vorix, Vigix-orere AlSH &
[k 2 R.X, RX, R;X--- 52} £& partial molal volume
dm. w. v HFEES FTI3, b= methylene &
CH, o }% &1 CH, 9 mi g ' o]},

[9), (10)5%-2 RNH X o] & vl 2 FHfI= 1 tetraalkly
ammonium halides o] & 4CH, & 43 FE°] Holvimz
1A+ 7ol (Um,w)e] & 478 A £ b(dm,
w/4) & A o of ge},

Otk = VR b( . w. [4)ereerrersirsinrinnninnss (11}
=% (8), (9), (L0)BIFRNA anion X~ S ol 22
(coanion)ftfE) cation 2] partial molal volume 27} 2§
Koz Beg K3

n-Alkyl amine hydrobromide 2] C, o4 C; 7}=]9]
i efa o) N3 J. E, Desnoyers et. al. o} data®% 1%
2%, 3% alkylamine o] EAEAENC] B3l R. E. Verrall
et. al®9] data & H#3l7] 93l AREBERS A8
o} Tab. 3¢ Flfsted ot

TABLE 3
INCREASING RELATIONSHIP IN V° BETWEEN SUCCESIVE
HOMOLOGUES OF VARIOUS AMINE SALTS IN WATER.

Ve —

Salt (DY l ml mole-r| 4V°rex- \ b
NHBr 1257 395 1303
CH;NH,Br 60. 82 16.83 1. 201
EtNH;Br 77.65 16. 52 L 178
n-PrNTH3Br 94.15 16. 05 1 146
n-BulNH,Br 110. 2? 15. 95 1 139
n-PenNH,Br 126.15 15. 89 1. 138
n-HexNH,Br 142. 04 15. 90 L 136
n-HepINH;Br 157. 94 15. 92 1137
n-OctNH,Br 173. 86
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Salt (ID?» ’ ml. Y:ole" me:n‘grlg:‘ b
NH,C! 35.5
oGl e 8 18.3 1,307
EtNH,CI 70. 4 186 L%
2-PrNH,CI 85.9 155 1107
#-BuNH,C 101. 7 158 L1
Salt (LID»
CH,NH,CI 53.81 18.66  1.330
Me,NH,Cl 7247 18.03  1.292
Me;NHCI 90-50 46 03/cH, 1141
Et;NHCI 1386 15 07/CH, 1145
(n-Pr);HNCI 186.8 :

1) Data of J.E. Desnoyers et. al. where coefficient of b
is calculated by author

2) Present data.

3) Data of R.E. Verrall et. al

Tetra-n-alkyl ammonium halide ¢]] ¥} 3} B. E. Conway
et. al. F Hfbh AREEY H#HEE Zolx cationd

partial molal volume o] CH, 2&¢] "3t Ao —ET
< Tab. 4 & HHald & & U+

TABLE 4
VALUES OF COEFFICIENT b IN EQ (I!) FOR TETRA-n-ALKYL
AMMONIUM CATION DETERMINED BY VARIOUS WORKERS

Cation
Me,N*  ELNY n-Pr,NY n-Bu,N* Reference
Salts b
RNCI »+1.062 ---1.167 1. 108eceerserecnenes 12
n 1) 201,107  +-<1. 200 1. 139 creresmnacen as
R,NBr +1.069 ---1.164 1. 094 ercansinscanae 2
" 2) «1.078 ---1.171 1. 114 cerenscancnnne (19
R,NI «:1.064 ---1.164 1. 094 veeercansannas 12)

1)Calculated from I. Lee and J. B. Hyne’s data at 50. 25°

2) Calculated from W-Y. Wen and S. Saito’s data at 25°

CH. i8jmel ¥}3 partial molal volume 38hp2] HAIH:
-2 ethane. propan 9] KiE#ol 9%k W. L. Masterton
9 data®™ & Fad® & F JIFH (B, of data =
Al ZHA Bl HEF BfZefE Rl partial molal volu-
me. & BE w2 #be fbdns i FhE
o] g& Aoie,

Table.3-¢ 29l m-alkyl amine. HX @I C,H,ne,
NHX oA o= #e Hmsz C—=0s C—=1],
C. sk Cy B9 bato) SEERMoR =4 vehiz gl
22 ke FREEe A —Ed teldh, =y
J. E. Desnoyers 2] data of] = #-PrNH; Br 8} EtNH,Br

M= R LB 2032 2o Fn glc}, oo B
2 tetra-n-alkyl ammonium halideso] ¥} B. E. Cenway
FHAl AFWABCDEDUNZ9) dataz Table 4 o] 7+
o MeNX o EtNX 9] b i 23 Hfyt 7o) —
s,
n-alkylamine | $2A Bilo] o) o} e ;tuzvol )
e vehlE Bl SF8ELS BB oo wa
EPEEM S IR RE S A} CnHzn-HN
HXel4q C=3LI 1 MEM ot CHNHX o
A REEF ERET @I gz (C—N),
EtNHX &= CH.%E Alold Sz Co N &4
He gk, C=0 8l NHX = C& 71A4x & &
o solute-water interaction o] $l°JA] = amine ZF %
9 {Efol A—3t3 @4 Zlolmz oA FifiEe) o,
$9 FHE = G Cz‘amine Bl A 2= #iEe
2 99 EERfEANE & ¢ gk sty ol #

# = £of solute-solvent interaction of] LR} 9lz o)
fEH e partial molal volume 9} 6 3hef BgES. ==
olth, ZE fE AT Vel B2z e

Re ol A4a,

@ methyl £ BTXHEE 9o CHN*H, ion 9
EFXFETFE o FiElY Ned e RXEEHE: 2o
h. CH,CH.NH; ion 8] N= KBS 32 BHEL 7}
A,

@ Ethyl ammonium cation o] A= CN [f¢] 7o} 91
£ methylene &7t WfEc] #&=9 g CH 8 N
Hoall Eol E919 & 5T 8508 #Bert 3= oe
L M@ Folzo
NHX>CH,NH,X>EtNH,X

4] hydrophobic hydration &
@ &R 9 ke
9] o] =7 =t&olrt,
Tetra-n-alkyl ammonium halides &= o]s} K% H&
< v & o o7l BB TS g 2518
charge effect o] &% HE=Z A=},

(2) Ton 2| partial molal volume

BHE Aol A ion o] E ety WY FHEE I
o BEL Frxr s 8¢ 2 2 ion 9 hydropho-
bic effect, charge effect == structural effect &4 3=
Hsl=2 = partial molal volume & o} B.= 7 & &
3] EESF do]ct,  ion 9] partial molal volume® =
(8], (9) ol Al &} zko] 4ti ion ¢l anion 9] partial molal
volum & V98 obed cation 9] partion partial molal
volume Vpyy, & (10)RelA EHF Kot R},

Vornmtcr =V runt + V00~ rereerereeimniimenins, 10

Conway S} = SEFRHEED = B PA coanion
partial molal volume(ffj24 VO )& skal=dl FH
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< HES ®RRstET. & Fig 4 A9l 2o] £ES
partial molal volume & 4pFEo ddte plot &=z,
cation 9] 4 FEo] zero 7} &= &2 2 extrapolation@
=] 1}El v} intercept 7} anion 2] partial molal volume
o] & Zolt}

$lell 28 EHe] whet RNHLCL o] #ate e Vog-
¥ 18.6ml mole* o] Qiek, HfE7HA 8] WREE
&atd #WEs e Voo & 25°C, KERAA

18.0014 37.0 m!/ mole™® o]z} #&EH o] Utk oA
% H#atol Tab.56] Azt £rh
o
1007 / B
Pn
80t /
. PEt
Lo /
=] -
g 60 Me
. )
E
o
> 40F
2@4
2% 1 60 20

Mol. wt. of Cation

Fig 4. Partiol molal volumes of four salts of RNH X as a

function of the molecular weight of cation in water ot

30°¢C
TABLE 5
COMPARSION OF THE IONIC PARTIAL MOLAL VOLUMES
OF CHLORIDE ANION IN WATER AT 25°C DETERMINED
BY VARIOUS WORKERS.

Author Voo-(ml mole™?) Reference
Present work 18. 69 —
Lee and Hyne 22.0% (13
Fajans and Johnson 18.0 16)
Padova 18.6 an
Mukerjee 22.3 (18)
Glueckauf 22.3 19
Conway et. al. 23.6 12
Zana and Yeager 23.7 (¢)]
Stokes and Robinson 25.3 e
Bernal and Fowler 37.0 22

1) at 30°C, 2) at 50.25°C

Vol. 13, No.2, 1969

Tab. 54 B uhe} 2ro] AFFzRe]A °é° FER
Padova®®9] data & —F &tz Y. Wik N ]
ET #e lov o] A& Tab. 5 oA i—‘& Hr%’- s
o] Mg HA %

Tab. 54 Voo gho] fHgEHKe] we} ge #ERJ}
AHe £+ Yot Cation 9 Vopyyt 7+ FfEEc]A
—ET EEA] ol NE BHE, B b 3le] AY —Fge

=4 ¥5to] anion & partial volume [E]o] = v <=8t
BEe. E 4 9l gl EA anion 2] partial molal
volume rft V5, gho] & o4 MES Conway
et. al(®.2 30. 9! mole~!, Padova®*” = 25. 68//. mole™!
o) Bkl e} ek ol AR FIHE S (Vo5 —V0)
g FESY Xd WEH W& = 2 AY
—Esteh, oA 2 3% B Vo Vo =aV%._ o]}
a9l Tab.59 Voo & 318 gt e RS
A=

v Conway et. alsseerseneees 7.3
AV Badoye oeisrerssesronneres 7.08

rlr

(8) 9.2 BRERE

Fig. 3¢ 4 3% upsl 7o) ] 74A19] n-alkyl amine
E@@‘Eﬂ BEmEmel vhet ¢, 7} B ERY

bE 3tz lew, 2 slope & BR{ES H#Ew st
+ EHE vz v

ol g BlAE 4T R B BHEY Fo ?ﬁ?&"ﬂ
Hatd HFEWP L2 B HEold FTFE9
B #iEE 71 tetraalkylammonium B =& 2.
alkyl amine Wol b Abo] Az 4T @o] = HHE
<> BEBMLY =il ¢, = BRI ELE A 8 o
o BRSO A minimum ¢, & WEhiE Zloldh, Wen
7} Saito¢¥) 3= tetra-n-butyl ammonium bromide 7}1-M
MEgA ¢, 7F minimum  value & veldlls @ o]zl
& W ol A Clathrate o) =& 7] BEEZ] =
Folelz &tglcl. =3 Desnoyers 9 Arel®2 n.C,H,
NH,Br, #-C,H,,NH,Br &} #2t-2 7] A}£9] zn-alkyl amine
o] ol whel ¢, k7l Minimum EhS 43
Curve 2 vehvtss ¥ o] 31 KA A micelle JUEL
o EETz sty

—ER e 2 WEAC A BEBML wet ¢, ol B

& FE BFRE BRAY SF =% ionEY O size
@ charge (® hydrophobic property & @ 43F =& ion
29 HEMFE oz BHHEd. FI2A #E— ion 9
charge 7} Zwl 2 EHHEMEC] ZEE electrostriction
BRI A3 EREeE Fo) BT sifisty WA
89 free space 7} A H o, oled B ¢ BE
Hinel el positive 9l IS RQlwh, FHE ion 9
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size 7} 3.z hydrophobic property 7} 2w ion &4 9]
E5TES KERE) L=l solvemt fie] MHAETF
Fid 4&38te] hydrophobic hydration ] dej v}z FEHR
o2 HHEAdE 48 22 #i%(ice-likeness stru-
cture; ice-berg)7} ATt o3t R ¢, & WA
3 ¢, ¥ +/C plot & negative slope & 7}A o},

n-alkylamine o] ENFREE Foll A K7 TF R RHkig
v 744 (C,—CoEie) - $ld4 23 HFR KR
FERE MBS B w A b3 Aol dlHe] gt
g1 EEEmd. 3M ) =2 ¢, 2 #Lol @AY
oz HEK #LE 3lx, Z%HEe limiting slope =
Ao BinfEdl sh7be HERE 1o} ion 9 hydrophobic
effect ¢} charge effect = A2 EHAYI Y slope 2 7]
0] E 4 charge effect fijA e} electrostriction B 7}
HEGRY B3 o)k e AbEo] 71 FARRIEEECl A
B RR micelle BEE BT 4 ¢l Hel @Eyrx
B} EetA velhva gle Adelet,

[4) Slope. ST H

limiting slope ¢ EE&ffi= Tab.2d] FHRT A 72
o] Kiifyo 2 HRE s Aelzt & 4 U
ZEv o8] WE dataF B9 BERMEANA ZA e

= F7F g}, o] AL Debye-Hiickel ¢ limiting law
7t F& B 6,5 Eaed % BEEY L)
£ solute-solvent interaction & #&e¢] Yz gt~} =
Fol Qolrhe RO, (IR =0, k! vT
A HFEETY wo Al fv £% g A=
Fol A ™,

w=0. 52”1‘31'2 ....................................... [12]

R—N%*(87/1000¢° RT)(dlne/d p— /3) ---(13)

A AA v, 2,5 £4 ion BRESN B & FETH
£, et BTY HEE, « & B BEEHW S B
e EfmdE, N Avogadro o] o}, 25°C o) o3}
o] $HE = slope o EREE 1—1 BFRHEC] 1. 868, 1—2
= 2—1 BB 9.705, 3—12 27.44 0|7} B,
30°C &) & 1-1BHHEL 1.9550] vk Tab. 304
ERoz Re slope & HERH 77 +2404
+4 AT £ 9 AUk

o]} 70| limiting slope 7} FEafiol 77t il e
e 1A= Re RNH X9 C UTY ESFWEHE
o] YA H\ET e Mz AA Yo FHiRol
t}, gl RNH,X 8] ion E9¢] }e}luji= charge effect 1}
hydrophobic effect 7} tetra alkylammonium &=} 22
HE Hte] HEEdetat slo] A st F {ERlel
A2 gEAkEBe =7 2318 charge effect 7} 3

Al Ve Zolgt & £ dd, =3 ORAA S
BHRE T 1.955(30°C )& fLAFo ¢,—1.955vC
¥ C & plot 37 £ 9] slope gto] #iBig e}, J. E. Des-
noyers @ M. Arel®e] {%3t=1 RNH,Br o] o &} 25°C
AERAA 2 hrl 25 negative dl @& HolF
2 gt

AR A & FETEMES PBELT 5747
atg s olAd ez ¢, Zho] BHEANY] =T 4R
BRIl &b B A 23 TRER #FR7T SEE7 =
Fol olZe A9 S, g obdE 4SS HEMER
3ol upol o},

®m W

o] WS B3l n-alkylamine o EARSHEHS] H3)
v 2e R AP R

@ #td FEESe] A9 —E% partial molal
volume #£ 16. 0 ml mole™! & 7} ¢},

@ Coanion &] V¢ -7} 18.6 ml mole™? 22 Padova
2] datas} —Fgtet,

@ limiting slope &= F#HfEel 778 +2dl4 +4
Pagtolet,

@ RESENY *E ¢, BbE EF HEHNCE E
#agel ot

® BHA A ion 9 charge effect £ hydrophobic
effect = A2 ARV Y charge effect 7} EEAI-
£ 2o

oz kgl dete] fg—Hetd g} HE
& oo FA ATKBHE BRREH = 5F UL
KBLE S Bl BEsh KRRl Halel &
BB FA BUKBE LB AR B8
dn ®WHRe £9 T ANEH LBH BEBE B R
BE, B FE B AROA EEY BEE Rie
whol o,
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