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171 Beto|u HAE sfstol| A BAF 114 R 2 24 fIshe] Qo2 Ao 3 3| 39 &
F(nuclear magnetic resonance (NMR) spectroscopy) 7|52, ikl Tl 5] AYA| ZE2}0] 32} 129+
58S TEste] I FAEY AW 75l Bete] Akt 1 E-8d0] SREE I 22 0] At
A|(metabolomics) A2 1 -§-& ¥ ¢17} IS S =2z Qi o] 23t F I3t HR] 3 7S S8 H 9
= o= SRIEIA] & o= Sl B of e, 3lst ARt dolof Zt=rt dulelA], fAETH B15h A do] ofd
Al ==, Tk 2715719 X v7t GrRIA|, &4 x7] 3 AU EY 0 2 HE 13 = Qs B
I} FskR] Atk AP A o2 AR Ao A RE TEo] AAP] 3 AYEHS T o A H E= 7]
Ak HA7F A Ao Ao Qs TR A RN E 2 EYS 7T 4= Sl A AH A 3
(solid-state NMR spectroscopy) 718 3t 1 -5-8 H7T Yo R 1L it} o7 A= thoFst dx17] 55 719
& AMg3o] o A] AE A LS AR AAEL BAL Pohlis HHS E 71 AY o2 Eof A8}
A} ek oA A] gk A 2glo|gt o[ 2| o] FEE ThE A 2 HMLol = AR = S8t o | R E A7) oY
A2 vptol 3= vjE 29t AR, 4 IS B A7) oAUAIE F3H | R = A78E 4= Q= viE
£ = 5 Stk 2 Qo= FHAPAEE 23] Ttz o U 2] Ak A|A"Eo] QLo o7 A= & AR A
Al g Aot viE 2o tiet A AAE S4 o2 AYstart gt i 2y AR AR Alsler &
A Hkgo] dojuh= F 719 AF3t, A= Afelof] EAshe Asid = FAE O Slrks oM S8 2
3 glout, viE 2= A9 ek o[ UA|E ARt A7) o[UAIE HAgstaL, A& AR= HA ol S8
L A59| 3|31 oS AT oA 9] A5} ukg-2 ARg3] A7) oA 2 Az HollA thack! waba
oA o 2= AR A9 M1} A o) 3}t W} glo] AR=0 2 FadlTe AR At vkt 57
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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).
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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 25C) amorphous MoO (a—Mo0Q;) 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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