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Analysis of a Newly Revealed Strongly Bound Water in a Nafion Membrane
and the Hydration Structure

Takafumi Shimoaka, Takeshi Hasegawa, Institute for Chemical Research, Kyoto University

Abstract

“The strongly bound water’ about the sulfonic acid groups in Nafion is newly revealed by 'H NMR spectroscopy,
and the hydration structure is investigated by using infrared spectroscopy (IR) with an aid of quantum chemical
(QO) calculations. IR spectrum at 25 T indicates that a Nafion membrane involves bulky water at ambient temper-
ature, and the water is firstly dehydrated during a heated drying process at 60 T . After further dehydrations on
heating from 60 C to 140 C, the hydronium ion disappears, and some bands that have been assigned to the fully
dehydrated species come up at 140 C. A spectral simulation based on QC reveals, however, that the spectrum at
140 C comes from the SA group associated with a single-water molecule making two H-bondings. This implies that
a thoroughly dried membrane is unavailable even at 140 C, and the involved water corresponds to ‘the strongly
bound water.” The QC-analytical results are experimentally confirmed by the evolved gas analysis mass spectrome-
try (EGA-MS). The result confirms that the last single-water molecule can remain on the SA group until the ther-
mal decomposition at ca. 300 C, which is the temperature where the SA group is selectively decomposed. In this
manner, the dehydration process of a Nafion membrane on heating is consistently revealed by IR spectroscopy,
accompanying the fine band assignments by the QC calculation.

Keywords: Nafion, fuel cell, infrared spectroscopy, quantum chemical calculation, NMR, evolved gas analysis
(EGA)-MS

1. FFER

Nafion (Z/3— 7 )L+ 0 7L F )V (RO B S 7% % F Fo=27 244> H HO)w)DEKT % TDLD
I T —FVEEFELZ ST RIMISESRS TAD ., FD {2 Nafion i&., LM HEOEHE, £ F ML L7725
RUGASZA N AR CEEIETILE - 223>, (Frv— SERMHEAIETAF /) <v—Thb, b Fu=r a4
M1) REFEDOBEBREMWEEDE= T v RET OFET, F HWEARNAFAET B Z ST O b AEE A
AWK P EFEOBT 2B WEIT 2T 056, 71k g L. BEABREIE O /L — & Ok & LTHWS
CREEASE Z ) 9 < DR L 7z B SRR IR EE A AT . LD EWEEZD S L7271 F /) ~ — & OfEHT

PH T o CRIVKR VERA F kT 5, — . f# DTN TV B 17D,
BEL 7270 b IKRFNC X D st L, A F o Nafion ® 7 A # / < — i, ot FTEIT/NHAX
FREHT CRESEAT AT O TIHB D . ALK VBT =
F AL L7280 3 nmF+ — ¥ — ORI R a7 &
F F E->T. T T7HITKGTRE FE= T 4 A1 % VD[ 1E
| | L7227 AT ZIEK L. 7T RAY &S LAFIKAZH
C|:2C|:2\ C—0C WETORD S /HEIZEZEZ BN TWAS Y, B F
%,| | J O= 5 A F BT OBKK R EMERETEDLZ &
o F X T b ABEEDSHBI SN, SOT A 4 v ik
| 27 FGAY —F v T — 7 EFINEMFITN TS,
CF, Z DFETIVTIE. Nafion 5 7K 53T 1L B 72 221
ICHFTET LI EICOVWTERLTWE2S, 70 b U fx
—— o BOMWEIZ Y 5 A7 FTORGTFEHK T 7 EOIHE
F—C—CF.CF,—SOH TR DR X AT, S 0 |2 FRIRHED A I 1
CF3 LoTHLRESALDZ EER LNDH728, NafionfErh
D FO= 7 AL F RZOARMAKICER L7Z. £

F + — k1 The primary chemical structure of Nafion. ﬁ\%gﬁﬂ'ﬂ @:ﬁ%’:ﬁ‘ff%ﬁ?ﬁ&) 5Nb,

ey



Jasco Report Vol.57, No.1,2 (2015)

RV EEIE. OB RS 2 L5 T
X BFET, KFEEICOWTHIITTEx %, ohE
T3, NafionEEHD/KIZHE H L7CHIZEATHhITEB D |
TNV K & AV AR U ERFLICAKAN L 7z KA @ 2F#
HEPFET DL EVDbIRTEZ819, Fer x4 E, H
NMR C Nafion i D 7K O EFE % 720 2 DOFEHE,
FEO2REEOIINC. AL D B S S I EREAS
v, (ZUTE) D72 v K (B3 DK OFETEZ S
DI L7217, Z o/ Rl L 22 gRKIZ oW T,
NMR 72> SALFEEICE T 25 2B 5 2 LI TE &
W7zi, RV A D TCRAT L 72, BAREgIC I
Nafion D FiAKFIEBREDO RS A~RZ M v EHIEL. &1
LFETEIC X ZIRENN Y FORELWIRIE E & b2, K
O IRFIEE & B L 72,

2. X8 -EE

IR A R FOVEIEIR. H ARG IEE ORI
FFFT/IR6100 & AV 720 M2 MCT &2 vy, %K
A cm DAY MOV R FEFIAE 200 [BCHEITE L 72,
WA I dE T T2 0% 7 2 )L |2 Nafion &
ZEEL. 25CTBLU, 60TH25140C FT20TH
FECHlsE L7z HIREETIE. AT FIVEALD 22\
BRIRREIZET 5 T TR 104 PR CTHllE L 72,

=123 8 1% Gaussian 09 7' 1 2775 A T, BEEYL
B %% (B3LYP) 12 & 0 FL R % 6-31++G(d. p) & FHW»
T RV T NVF ALY > A )& R (PFES) DG
Al & FAEIRBIFTE 21T o 720 15 6 N72IREIBUX
09613 D A7 — VAT %3 LTY, FEMDART ML
LB L 72,

3. HEREEBE

3-1 'HNMR (Z & % Nafion & 7K 5 F D EENEEENT
Nafion BEHH DIKIZ DWW TS 7 MEB I TR E >
A& THRRA (T) S 2 PE L. KOOSR & O %
7. BAAMICIZ. T T > A AFEFR T T4
Wik X472 Nafion £ 2 NMRF = — 72 5 L, 7K
BANTEE EQIZEET 22 LT, SIHIZEATEDOK
AT E B L7ZIREEIZ BT B KO 5 e & <72,
IKFLEFRAS, AHEAER ORI A - 2 S8R
VIR A L. B A RASE T 5720 B2, IRICHE
VERASEAY A S ADWEDGEE L & v . BN 2
KMET IV EZEZ 7286, L% 7 ME L Ty oM
BMEEDZEALIX, 70 b DU OEIIR L CRIER
AL R IRT E PR L7210, Ty ORI (Ry) % i
OWEIZHK LTy M LR, FAEED 3
DOHEARFEIHDHLAIL, KRG T DEAE DR S D72 5 3
DOKFY A N OIFAEDE S N7 > 720 T OFEFRIE.
AR DFETIVDSIE LT & 2 @iigicas L, SaF0 - %
HETIN LEEMNITZ. FEAOYFIZTTE b ok
IREEDABFITREE OAE % S L. FBFIEEEE 2> 5 K551
[FIgEFE IR (1) 2 AR D o 728 5. L DR s L
TWBIKDFH25)EIZ(A) 220ns. (2) 88ns. (3) 9.0
PSTH o720 T AmD/NSVIK@)IZZEDE S N
WK EIRETE, AKE@IZ VT KIZHARTEB M
PIBHFIT EMERT L72AKRT, KAIK IRIETE 5, K
W&, S mlo#lsE TR L7z Sk <, KRk

©)

HARTESIZIMNLL EEBIEDMET LT\ b, TOR
AR O IKFIREE BT B AR NMR 2 5455 & & 2%
TE& WD, VG X % KA E OIFENT % B

Z kol

RI/S-I

0 ! I I T !
00 01 02 03 04 05 06

[H]o/[H

1 The spin-lattice relaxation rate (R;) for 'H vs. the reciprocal

concentration of 'H normalized by the initial ([H]o/[H]+).

[Reprinted with permission from C. Wakai et al. Anal. Chem., 85(15),
7581, Fig. 7, Copyright 2013 American Chemical Society.]
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X3 (a) Temperature-dependent IR spectra of the Nafion
membrane on a thermally equilibrium at 60, 80, 120 and

140 °C. (b) Magnified spectra in a fingerprint region.

3

X4 (a) IR spectra of 60 °C (dotted line) and 140 °C (solid line)
taken from Fig. 3. (b) The calculated spectrum of the

dehydrated PSA.
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