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Influence of hydrogen bonding on molecular diffusion in polymeric systems

Ohashi, Hidenori
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Molecular diffusivity in polymeric systems is of vital significance for
device design. In especial, interaction force between molecules (e.g. hydrogen bonding) greatly
affects the physical property. In the present study, diffusivity of water molecule in polymeric
aqueous solution was focused, because water was recently focused as an energy media. By immobilizing

linear polymer (without crosslinking) onto porous membrane substrate, membranes to acquire the
property was fabricated. Then, water molecular diffusivity was quantitatively acquired by combining
with accurate dew point meter and dew point generators. The diffusivity was found to be changed over
four orders of magnitude dependent on relative humidity, and the mechanism of such dependence was
investigated by developing in-situ Fourier transform infrared spectroscopy. It was due to change in
water state in polymeric aqueous solution and consequent hydrogen bonding between waters and

hydrophilic polymer.



ZHVUTORIEIZE LT E sy
FIEOERTIEOR R & QI o
2
b, DI LTI X
FNEAEEARB LR TTD., @

in-situ

ATRP

1
Feed Permeate
Feed Permeate
20%
e
Am
{ -
o o
o 3
o ]
Bubbler L 0
(D
Dew Point Dew Point
Meter Hot hose \ Meter
Pore Filling Membrane
1.
solubility
diffusivity
2
SRR R RIE




60% 4
1
3
in-situ
ot hose
L Membrane
Sample
IR laser |
3. in-situ
acrylic
acid AAm

2-acrylamido-2-methyl-1-propane

sulfonic acid  AMPS
acrylic acid AAc

4 AA AAc AMPS
AMPS
=15x10°
o
Nx -9
E12x10 i -
2 o
E 9x107
2 6x10° = C
S 6x107 } P
[8)
S -9
o X107}
E EF
& 0 . , @
0 50 100 150 200
Filling ratio (%)
4. (A-C)AMPS, (E)AAm, (F)AAc
5 6
G H AMPS
20 80%

=
N

o
©

Solubility (kmol/(m* kPa))
o ©
w )]

5. AMPS

1x10*

)

m?/s

y (

Diffusivi

X110 ®

1x10®

|

- *

L Gm

¢ B

e E oH
L 2
0 : : : .
0 20 40 60 80 100

1x10™?L
1x10™3 L

1x10™L

Relative humidity (%)

G 97% H 62%

't |

*H

0 20 40 60 80 100
Relative humidity (%)

6. AMPS G 97% H 62%
3 in-situ
7
150 . .
M Peak |
120 || ® Peak Il |(E—KF0#)
© & Peak IIl|(GE_KF0E)
g Or * 9
© ’ @
= 60 @
§ ®
30} *
0
0 20 40 60 80 100

7. AMPS

Relative humidity (%)

87% in-situ



_50-5-0?,
o]
cﬂa .g}
@“e 3 0'3
5‘0=§=oq$0_ -oq‘ o ‘
0. 09 & tUFTrDEN
F—KkiE
SEREEKE ELUF DAL
e ) C ETOKFE

8.

4

6
@ Seiichi Amamiya, Hidenori Ohashi,
Takeo Yamaguchi, Non-Equilibrium
Thermodynamic Model of A Highly

Permeable Forward Osmosis Membrane,

Journal of Chemical Engineering of Japan,
, In press, 2016 (http://www.

Jjstage.jst.go.jp/browse/jcej)

@ Keitaro Matsuyama, Hidenori Ohashi,
Shoji Miyanishi, Hiroshi Ushiyama,
Takeo Yamaguchi, Quantum Chemical
Approach for Highly Durable Anion
Exchange Groups in Solid-state Alkaline
Fuel Cells, RSC Advances, , 6,
36269-36272, 2016 (DOl:  10.1039/

c5ra27939a)

®  Hidenori Ohashi, Xuegin Chi,
Hidenori Kuroki, and Takeo Yamaguchi,
Response Sensitivity of a Gating
Membrane Related to Grafted Polymer
Characteristics, Industrial and
Engineering Chemistry Research,

55(6), 1575-1581, 2016 (DOl: 10.1021/
acs.iecr.5b04332)

@ Yuhei Oshiba, Hidenori Ohashi 6

3 , Correlation between the
Activity and Molecular Structure around
the Active Center of Cytochrome P450cam

Conjugates, Journal of Chemical
Engineering of Japan, , 49(5),
475-480, 2015 (DOlI: 10.1252/

jcej-15wel36)

® Takaya Ogawa, Hidenori Ohashi, 6

4 , The proton conduction
mechanism in a material consisting of
packed acids, Chemical , Science,
5(12), 4878-4887, 2014 (DOl: 10.1039/
C4SC00952E)

® Xueqin Chi, Hidenori Ohashi, Takeo
Yamaguchi, Plasma-Induced Graft
Polymerization Inside Pores of Porous
Substrates Assisted by an Infiltration
Agent in Acidic Conditions, Plasma
Processes and Polymers, , 11(4),

306-314, 2014 (DOI: 10.1002/ppap.
201300109)
18
@
2016 3 17
@
81
2016 3 13

® Hidenori Ohashi, Takeo Yamaguchi,
Microscopic Free Volume Model for
Diffusivity Prediction 1in Polymeric
Systems, World Engineering Conference
and Convention 2015, 2015 11 29 ,

@

2015 2015
11 25



2015 2015 11
25

47
2015 9 9

@ Hidenori Ohashi, Ryutaro Okuda,
Hidenori Kuroki, Takeo Yamaguchi,
Fabrication of Water Vapor Permeation
Membrane via Plasma-Induced Graft
Polymerization, The 32nd International
Conference of Photopolymer Science and
Technology (ICPST-32), 2015 6 24

®
2015 2015 5
29
€)
2015 2015 5 29
®
37 2015 5 14
37 2015 5
14
80 2014 9
17

2014 2014 11 26

Hidenori Ohashi, Sae Ebina, Takeo
Yamaguchi, Logistic gating property of
ion recognition polyampholyte grafted
membrane, The 10th International
Congress on Membranes and Membrane
Processes, 2014 7 20 , Suzhou

China

63
2014 9 24
63
2014 9 17
36
2014 5 12
36
2014 5 12
2
O 2014
252-257 420
@ 2014
350-356 420
o 1
GM

2014-192831
2014 9 22

@
OHASHI, Hidenori
00541179
@
(€)
C))
CHI, Xueqin

OKUDA, Ryutaro



