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32l 1, (a) Representative 'H NMR spectra of water in Nafion at various
temperatures, (b) H NMR peak areas of each Nafion sample at various
temperatures after signal calibration due to Curie's law, Arrows indicate
freezing points of water in the big (b) and small (s) pores, (c) 'H NMR
chemical shifts of each Nafion sample at various temperatures, PTN
represents pretreated Nafion and HPN—fresh was prepared by pressing
PTN at 135 C for 3 minutes under a pressure of 100 kg/cmz_ HPN-Y
was prepared by storing HPN—fresh in distilled water for Y days
(Adapted from figures 1, 2, and 4 of reference 4 by permission of the
Korean Chemical Society).
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a2 2. °H NMR spectra (left) and °H peak splittings (right) of
hot—pressed Nafion versus rotation angle for the rotation axes of (a)
X, (b) XY, and (c) Z in the external magnetic field. The ’H,0 contents
were 18, 19, and 15 wt % for (a), (b), and (c), respectively (Figure 1
of reference 6 by permission of the Korean Chemical Society).

Polymer Science and Technology Vol. 25, No, 1, February 2014

ISR Y| AHY egHd e = gk ¢ &
£ 7S WESIGCE’ 29 26 12 e mee &
Fof| Jojggitht 1t AUERES Hojgn, 9 32
ol2]gt tlo|BE A5t Uul29] M5/ Afdo] oA
1.8 2o oJs) wish=A) EAH 0 2 Helgt Aolct

Ao Wt Uoleg gl B 4 9l YA v
a4 JE2} 324 sulfonated poly(ether-ether ketone)
(SPEEK) <] sulfonation ¥ A =(DS)e} 423} Frof w2 11
Ao 72 9 54 WS o2 7hx) g 1A # 4]
29 7oz 3 akgct” DS7F AX|W 180% ring-flip
e $5e AHon Folut v A 11| $5L
WO AE IR, Eeh 4ohe SPEEKOJA: )
2HTH J77F A4 22 0|2 7]F(ion pore)o] BYHS
PSSt AEH 02 DS} AAW 43} o] Hof 4
4 0] 2 A7} A1 o} i} Wefde] $EAE
RIS s,

2.2 A8 MX| 09| 7|52t 0102 =M

AR AAE =HT o S} 4lof ARShe uielE o#}
T4 AEAQ] V]2 ool @ -t (Nafion ionomer) o] 2]k
o] Pt/C 0l #H9] Pt=9] local density of states7} 37}
B TPt A 2] 39 PHoR S o ARE
A7 Z] 71350] Uahe ofo] @ emigle] 1o o
3 LItk 218 ejulgko s Py/C Zuloh HAAQ] A
2 WollA] Uk ofo] @1cniehs vty 42& 2 ofo]
S 1eule] Afato] Basrh e ARk HhHo] Ak g
20 9kl thafalis Uae ofol 2 temele] 2o ojs) &
) 7]50] ZOHITR 2 SlrlFit), 1Y 4= Ul ofo]
21emlE 4]0} Pt/Cok AlolA] e Pt/C Fullo] Pt

18l 3, Schematics of hydrophilic channels in hot—pressed and no
stress applied Nafion, The black color shows the top view of
hydrophilic channels in the membrane, the orange color shows the
side view, and the blue color shows the shape of the cross—section
of a single channel, The asymmetric cross—section for the hot pressed
membrane is represented as a half—circle which is just one of many
possible asymmetric shapes (Figure 5 of reference 6 by permission
of the Korean Chemical Society).
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a2l 4, (a) Pt NMR spectra of the membrane—electrode—assembly
fabricated with 60% carbon supported Pt with (Pt/C—NI, solid squares)
and without Nafion ionomer (Pt/C—noNI, open squares), obtained at
20 K and 8 T. Strongly enhanced intensity is observed at 1,092 G/kHz
in the spectrum of the Pt/C—NI compared to that of the Pt/C—noNI,
(b) The temperature dependences of 1/T; obtained at 1,100 and 1.134
G/kHz for both the Pt/C—NI (solid symbols) and the Pt/C—noNI (open
symbols) samples, The linear relation between 1/T; and T indicates
that all the Pt particles are in metallic states, The solid lines are
provided for visual guidance (Adapted from figures 1 and 2 of reference
8 by permission of Elsevier).
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18l 5, The variable—temperature Li NMR spectra for the fully lithiated
(down to 0,01 V at 25°C) amorphous MoO, (a—MoQ;) and crystalline
Mo0> (c—Mo0,) electrode: (a) The static spectra for &MoO,, (b) The
MAS spectra for a~MoO;, (c) The static spectra for c—Mo0O,, (d) The
MAS spectra for c—MoO», The spinning rate was 7 kHz, The spectra
were plotted in the same intensity scale without calibration in terms
of the lithium content in the sample or the number of NMR acquisition
(Figure 6 of reference 9 by permission of John Wiley & Sons Inc.).
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12! 6, The toroid cavity detector probe used in reference 15, (a) Sliced
view, (b) Photograph of the probe before complete assembly; c) after
the probe was assembled by inserting the central conductor wrapped
in a membrane—electrode assembly into the outer conductor, T1 and
T2 denote fuel inlet and exhaust outlet tubes, respectively, T3 and T4
denote oxygen inlet and exhaust tubes, respectively (Figure 1 of
reference 15 by permission of John Wiley & Sons Inc,).
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12! 7. Spatially resolved two—dimensional ’H NMR spectra obtained
with the toroid cavity detector probe from the phantoms consisting of
a) Teflon tubes filled with neat D,0, neat CDs0OH, and DCOOD solution
in D,O at different radial distances from the central conductor, and
b) 0.1 mm thin layers of neat D,O and CDsOH, The diagram on the
right of (a) depicts the central conductor wrapped in Teflon tubes filled
with three different samples; that in (b) shows the central conductor
wrapped in thin layers of two different samples (Figure 3 of reference
15 by permission of John Wiley & Sons Inc,).
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12! 8. (a) Schematic diagram of the sampling procedure for the
solid—state magic angle spinning (MAS) NMR study of the membrane—
electrode—assembly with a triple—layer polymer electrolyte membrane
(PEM) operated in a direct methanol fuel cell (DMFC). (b) The *C MAS
NMR spectrum of the PEM layer extracted from the MEA with a
triple—layer PEM in a DMFC in operation with 2 M BCH4OH, Species are
assigned to the peaks on the spectrum, Only the bottom 10% of the
methanol peak (49 ppm) is shown for the appropriate display of all peaks,
The sample in a 4 mm rotor was spun at 5 kHz and the spinning sideband
(ssb) is marked on the spectrum (Adapted from figures 1 and 3 of
reference 16 by permission of John Wiley & Sons Inc,).
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