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Proton exchange membrane fuel cell
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Coherent an�-Stokes Raman sca�ering (CARS)
Nonlinear analogue of Raman sca�ering
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Two types of Nafion membrane: N117 and N212
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Chemically identical; produced via different processes
Proton conducitivity: N117 > N212
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Structure and binding of water in Naﬁon

Water transport in Naﬁon membrane

Two types of water species in fully hydrated Nafion membrane [2]
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Alterna�ng Least Square (MCR-ALS) to
reslove the spectral signature of water species (H2O, D2O, HOD).
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Small angle sca�ering experements
have shown the radius of water
channels in N117 is smaller than
[3]
that in N212 .

Thus, the area-to-volume ra�on (A/V) of N117 is larger than N212,
assuming the total length of the channels is the same and much
larger than the channel radius in both membranes. The water
molecules interact more with the membrane structure in N117,
and therefore, a larger propor�on water is non-bulk water in N117
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Le�: spectral signatures
obtained by MCR-ALS
Right: concentra�on proﬁle
by CCLS using the spectral
signatures
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The analy�cal solu�on to Fick's second law reported by D. T. Hallinan
is applied to the concentra�on proﬁle and the diﬀusion coeﬃcient is
[7]
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obtained. In N212: (H2O diﬀuses in) D = 2.84 × 10 m /s;
-10
2
(D2O diﬀuses out) D = 3.50 × 10 m /s

Faster water transport in N117 than in N212
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Membrane structure determines water structure
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Why do N212 and N117 (iden�cal chemical composi�on) have diﬀerent
rela�ve contribu�ons of bulk and non-bulk water?
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Different contribution of water species: N212 vs N117

We decomposed the OH region
using a constrained classical
least-squares (CCLS) ﬁ�ng
rou�ne to iden�fy the diﬀerent
contribu�on of water species
"Non-bulk" water:
N212 (17%) < N117 (28%).
N117 accommodates less bulk
water.

N212

H2O/D2O exchange

Time

"bulk" water: water molecules that
are completely surrounded by - and
hydrogen bonded to - other water
molecules
"non-bulk" water: water molecules
that interact (or at least par�ally)
with Naﬁon membrane, therefore
less with other water molecules.
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Do diﬀerent membranes have diﬀerent water
structures that lead to diﬀerent macroscopic proper�es?
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● High signal intensity, label free, nondestructive
● Chemical information, (sub) m spatial resolution;
● Fast mapping: (ms) temporal resolution.

N212
N117

30

24.16
20

11.49
10

5.66667
2.84333
0

H2O in

5.90333
3.50333
2.50333

H2O out

D2O in

In both N212 and N117:
H2O (diﬀuses in) < H2O (diﬀuses out),
D2O (diﬀuses in) < D2O (diﬀuses out)
The forma�on/deforma�on of HOD speciese
is likely the main reason that causes the
diﬀerence between water diﬀuses in and out.

D2O out

The diﬀusion coeﬃcient of water in N117
is signiﬁcantly larger than that in N117. The larger propo�on of non-bulk
water in N117 likely contributes to the diﬀerences in transport proper�es
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Summary
Nanoscale chemical cons�tu�on and corresponding molecular-scale water–membrane interac�on, are signiﬁcantly diﬀerent for N117 and
N212. The nanoscale architecture of N117 is correlated to faster water tranport and higher proton conduc�vity.
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