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The Structure of Water and Solute-Solvent Interactions
in Aqueous Solutions (Part 2)

— Solute-Solvent Interactions —

by Katsutaka SAsAKI

The influences of various solute molecules upon the structure of water have been
investigated by means of the ultrasonic pulse technique.

It is shown that typical protein denaturants such as urea and guanidine hydro-
chloride behave as a structure breaker of the water structure. This effect of the
denaturants is closely related to the denaturing process of protein molecules in water.

The effects of alkyl-substituted ureas upon the water structure have been studied
in order to obtain information on hydrocarbon-water interactions. 1,3-Dimethylurea
molecules behave as a weak structure breaker, but 1, 3-diethylurea molecules behave
as a structure former in water. The solute-solvent interactions in aqueous solutions of
tetramethylurea are essentially similar to that of 1,3-dimethylurea solutions in low
concentrations.

The behavior of several neutral amino acids in water is similar to each other,
irrespective of their difference of size of alkyl groups contained in solute molecules.
It is said that neutral amino acids can not be used as a model for studying the iceberg
formation. In the case of aqueous diamine solutions, the iceberg formation around
hydrocarbon groups become appreciable at the carbon number 3 in solute molecules.
It is concluded that the structure of icebergs formed in dimine solutions is more dense
and stable than that of the ice-like structure in bulk water.
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Fig. 6. Comparison between ultrasonic absorp-
tion for urea solutions and that of gua-
nidine hydrochloride solutions at 10°C.

O Absorption for urea solutions.

© Absorption for guanidine hydrochloride
solutions.

® Data by Hammes & Swann.
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A FNVRFIKE R DOREBRNUIE R ORI, HHREIRE IR T, K1dicsEzbhTnhb,
43 FIFAE—IKMBEEER

RFDIKD ice-like IR PIHETHE LRFIECTRLILE DY TH 5D, KIBREIND
IOk, 1,3-oxF N REKRBED (@/fDstrues. 1359 10vol. % AT D I & TR B & BEE T
Thb, WHIHEERAET, KRIORC LHBEERINETRT, 13- 2 FLREKERT
BRI BHEANE, AEMCRERBRCKTEHELEAKTH D, #-T, 1,3-oxF1RK
FL, KOWEEZWETHERDPREI VHE VD, LR OYBERENERI B TCWDHEE X
51EHG,

K1l bbb X 5K, alfP DRE X, 1,3-v=F A RFBARBK>L,3-2 2 FAREK
BWR~T b7 2 FLIRFEKBKDIE T H 5, Subramanian £ (IRERLF D 7 A F L FEAE
DIKBEWICOWT, NMR &L HBDOHEZITL, KOMBEHR L (E# I8N, 7 J 2
FURHE, 1L,3-v2FVRE, REDRCHATHLHE LTS, Lirl, BEEORINE
BOEIbARBE, TFI3AFAREELE L3-U2AFALRFEEDEIEVARNE SICEL S,

X, Barone 9 X9 HEMIWELD, T+ F 2 FARBOKCH T ST BIEAERE D
X1,3-P 2 FARFERLLI-CV=FLRFELDKEVWE LTS, LarL, Barone FDHIEX
HEMRVWER TR TV 5 DT, 0BG OMEHBIX icebergs WM EE%R T 5 DT
BlWweEBzbhb, BKE—KEHEZERORKEE LTES icebergs I BI 3 % &,
BH—KEW complex TERLD X 5 7eflh D AHEF FH 2R 7o & 7o\ TfT 5 D E2 B 5,

K11 % Bhudbnd X5, RIBBOK E Z0E T, LA KFTO 2 F1HEL =
FNIEDEF OB LB HDTH B, Pauling?® i@ X, »FA3ED van der Waals
BRIKTFOLERIDEL, ThBEAEZXAEWL. Lid, A FAHZ=F1FKLRD, JHhE
HFRIRWIDKPCHRICEETESD EBLbN%, - T, KREFK T, SFHoxF

£1 FExoWEOBEFRRIL

Table 1.

® % BOECC) | MM (MHz) | a/f2(10-7sectcm)

Cei 20 | SRS | 576
|

CrHy 20 5~30 | 58
CsHis 20 5~30 i 51
HCOOCH; 241 104 493
HCOOC,H; 241 104 499
CsH,COOCH; 245 104 3.5
CsH;CO0C;H; 245 . 104 386
CH3COCH3 24.4 104 25.7
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FELEHMTHERECEEZ LY, TOBKRT, 1,3-v=F VIRFEKBERDOBIAEDS,
o7 FLVRERKBK L VKREVDR, =FAE—KBHEEFEHOKR, =F1rE0EbY
 icebergs AR T Bicd L Bbh b, oL, Wetlaufer 5% BRBELHR 77 = ¥
VKBBANFILKELBREE, FOBMT — 2 —mbhxt, =2 vUEDORILKET,
icebergs UMD £\ 5 i & —BF B, foT, L3v=F ARKOHEE, =71 %D
SR IRED D FOMOMM;C X HHEEWHEHREL LOS LMRTHZ ENTES,

44 F S AFILRZER 4K

MORENB LI, 7+ I 2 FARE=KROHE I 60 Vol.% (185 mol. 7) ikl
K& RT, K10 T, FREEEMHEEROR/ NN 20 mol. Z b b = L b, K12 TiZ,
HEEE fREL D A2 64 Vol. % (21 mol. %) i b b,

Liittringhause-Dirksen? (35 } 7 2 F A JRFE—KFROHE E O Wl E % 1T\, EAHLTH
6:1 0Kk, 6: 7 b5 25 LR#E, 1) OFF T molecular complex 2’ I hsd & LT3, L
L, ABO& 7575 X5, WE, WBEMER, MERK RREKOWTho 777
B WTh, BAIIE NI 20mol % TR WTHAMEINS, TOREBEXEALLTA:1 B
Bt BB ettt b,

7 b7 A FARFIREOFHF O NH, EOKERNTRTA FAETEBRIA T 5 DT,
KFE#EL D acceptor & LTDREBTHZENTE D, #oT, 7 b 72 FVIRFETKEK
ReKYFLEARER/RETHIERC LD, RERAKMYPEHRT S LM TE D, MAEICK
B BIURR O EZE ks Arrhenius plot 75 Z &ic X » T, R#NFOWEMAL=F 1 ¥ —%
R 5L, #69Kcal/mol DENE BRIz, T OEIXKRMEEC XD 4 KFPO =5 ¥
— L LTHEMTHD, FIcK 14 X b, BINRBOFERETELEL LTHERNCEISZ &85
NTH5b,

5. 7IJBKBER

i 7 3 2 RAVK O CREEEL, WA+ v e LCHETHZ ERBLABRTVS, 7
S ERENT S Lk - CRKDOREREEE, A+ vAMED BT REEOES L, 7 <
J B FHOTAFAKCE > THBEShBLEELLRS,

Tyrell-Zamann® 37V v v & dl-7 5 = v OKE KT 5 HEENIFRA—ThHsH L LT\5,
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