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Hydrogen Adsorption on Zeolite Na-MAZ and Li-MAZ Clusters
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*Key Laboratory of Coal Science and Technology, Ministry of Education and Shanxi Province,
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Abstract: Hydrogen adsorption on zeolite Na-MAZ and Li-MAZ clusters was investigated using density
functional theory (DFT) with the generalized gradient approximation (GGA) of the Perdew-Burke-
Ernzerhof (PBE) exchange-correction functional and the double numerical plus polarization (DNP) basis
set. Equilibrium structural parameters, vibration frequencies, and adsorption energies were obtained and
compared. The calculated results show that four stable adsorption sites are present on zeolite MAZ. They
are designated SI’, SI”, SII', and SlI”, respectively. The most stable adsorption structure was hydrogen on
the SlI” site of zeolite Na-MAZ and the hydrogen on the SI” and SII” sites of zeolite Li-MAZ were the most
stable. We also found that larger adsorption energies indicate longer H—H bond distances and a lower
vibration frequency shift. The adsorption ability of zeolite Li-MAZ toward hydrogen is stronger than that of
zeolite Na-MAZ. Zeolite Li-MAZ has a higher theoretical hydrogen storage capacity and it may be a
potential hydrogen storage material.
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approximation
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Fig.1 Zeolite MAZ structure (a) with extraframework cation sites (b) denoted
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Li-MAZ siI' Li-MAZ SII

2 R EEINa-MAZFLi-MAZ iR JR F ks
Fig.2 Optimized geometries of zeolite Na-MAZ and Li-MAZ clusters

#1 Na-MAZHLi-MAZ #A R TFRRI G S EUK Mulliken B.157 575
Table 1 Optimized geometrical parameters and Mulliken charges of zeolite Na-MAZ and Li-MAZ clusters

Na-MAZ Li-MAZ
SI' S1” SII' SI1” SI' S1” SII’ SI1”
Ru-a/nm 0.3133 0.3055 0.3020 0.3076 0.2693 0.2634 0.2610 0.2647
Ry-o/nm 0.2261 0.2256 0.2297 0.2321 0.1936 0.1929 0.1917 0.1932
Ryvi—oo/nm 0.2476 0.2380 0.2325 0.2393 0.1979 0.1934 0.1917 0.1939
Ra—o/nm 0.1767 0.1770 0.1778 0.1783 0.1783 0.1787 0.1797 0.1792
Ra-o/nm 0.1733 0.1741 0.1781 0.1770 0.1749 0.1757 0.1797 0.1803
(O01IMO2)/(°) 66.796 69.154 70.687 68.789 81.837 84.408 86.454 85.487
6(01A102)/(°) 96.598 97.201 97.413 97.119 93.133 94.165 93.886 93.929
qvle 0.756 0.821 0.827 0.825 0.624 0.642 0.650 0.678
gale 1.303 1.305 1.298 1.290 1.351 1.358 1.353 1.345
gole —-0.933 -0.925 -0.931 -0.959 -0.931 -0.919 -0.936 -0.937
qorle —-0.880 —-0.899 —-0.939 —-0.926 —0.898 —-0.909 —-0.920 —0.952

M=Na, Li

Li-MAZ ¥ 47 4 9 A1— O1 5 55 F- 3445 £ 0.001 nm.
T VFEFEZIZS T B &7 LU T S5 T AR T BT
TE 1 ) B £ 8, Na-MAZ ¥ 41 1 11 0(01NaO2) i 1
/T Li-MAZ ¥ 47 1 O(O 1LiO2) () 8 f 48, [H]— W
BT R, R 22 15° 25 47 [R] IR B #f A8 fh a3 A1
2, Na-MAZ i 47 4 (11 0(0 1 A102) B £ Lb Li-MAZ i
A1 O(01A102) 8 ff oK 3° A A, 2R I
Li-MAZ ¥k 1 H, 0(01A102) 4% 45 w5, 5 80k
BEAN.

LG T MAZ WA B 1 IR A o g 43
Ji 1) Mulliken H34af 73 A1, 8485 78 25 A7 5 FL A
B D T T AT B, S IR AH R, Na-MAZ
AT R T ) H A UK T Li-MAZ B A R R T
LA AR, L THT PR [R] PR R A mT A0, A s 10 P Al
HHRBATE RS, BT REARKNE TR, 2 AR

Z [ FIT R 2 U s EP A L A, T B
HE BTN, BT SRS RR%, MR
A% P PR R A R SR LA, BN, Li-MAZ Wb A
AR I T S R 2 2 (1) e TR 4L
Ao P48
3.2 EMt—NES9FRISH

KM B3R 2 HOM 7 v 4y )k Na-MAZ A Li-
MAZ W AT T — AN T R B4 R 1647 )L
ittt P gt W 3, 55 4t S5 T 3R 2.

baE S TSN, BHES 54E 8 0056 W A7
HESSFREMEAER. WA G, HEr
ESER 1 DA B S A8 A A 1 2 [R] (1) 2 25 s A .
X LG IR B RIS 5 A B A Al— O B B K AR
1, FEARYERF AL, AR5 15 Na-MAZ I Li-MAZ
WA B A B R B, 5 A A b e S MR IR TR 46
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Li-MAZ SI'
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Fig.3 Optimized geometries of the hydrogen adsorbed on the zeolite Na-MAZ and Li-MAZ clusters

%2 WMIES5FE Na-MAZF Li-MAZ #F JR F iR 45495 5% Mulliken BT 53 75
Table 2 Optimized geometrical parameters and Mulliken charges of hydrogen adsorbed on the zeolite Na-MAZ and

Li-MAZ clusters

Na-MAZ Li-MAZ
SI’ S1” SII’ SI1” SI' S1” SII' SI1”

Ry-a/mm 0.3121 0.3064 0.3040 0.3076 0.2700 0.2633 0.2631 0.2669
Ryvi—o/nm 0.2236 0.2269 0.2290 0.2321 0.1944 0.1935 0.1925 0.1944
Ru-or/nm 0.2461 0.2386 0.2347 0.2393 0.1992 0.1939 0.1926 0.1955
Ra—o/nm 0.1766 0.1769 0.1778 0.1783 0.1782 0.1784 0.1796 0.1789
Ra-o/nm 0.1732 0.1740 0.1778 0.1771 0.1748 0.1754 0.1792 0.1803
Ry-w/nm 0.2595 0.2544 0.2547 0.2469 0.2378 0.2076 0.2198 0.2106
Ry—w/nm 0.2603 0.2502 0.2504 0.2467 0.2347 0.2057 0.2152 0.2108
Rui—m/nm 0.0751 0.0753 0.0753 0.0754 0.0752 0.0756 0.0754 0.0756
6(01MO2)/(°) 67.679 68.802 70.582 68.784 81.452 84.219 85.952 84.592
6(01A102)/(°) 97.123 97.180 97.804 97.097 93.327 94.469 94.063 93.850
qvle 0.707 0.773 0.787 0.772 0.565 0.548 0.571 0.600

qale 1.309 1.306 1.300 1.290 1.352 1.355 1.351 1.339
qole -0.935 -0.921 -0.931 -0.957 -0.928 -0.914 -0.934 -0.937
qorle —-0.882 -0.899 -0.939 -0.926 -0.896 -0.911 -0.915 -0.951
qule 0.016 0.002 0.001 0.027 -0.004 0.034 0.019 0.047
qwle 0.027 0.044 0.041 0.029 0.062 0.066 0.064 0.051

M=Na, Li

SRR A8 N 45 7 A2 T, 0(01A102) 5 £ W b
AT HG 0, 1725 9 A 4 v PR PR - 5 A A
JRF TR IR 92 F0(01MO2), Fiti A BH 25 1328 B2 b A 1
BRI W

e SRS [A W A R 5 0 A B T IR 5
55, BH 7 R AL T R R 2 LA S A T IR
H o BB bR e, 7F Na-MAZ i 47 1, ST’ SI”. SII'
ST PY A7, /5 Na — H ) ~F 24 BE B9 4 0.2599.
0.2523.0.2525 £110.2468 nm, SII"A7 £ ) Na—H #H 25
L, M AE Li-MAZ WA b, DU R 8 Li—H -

0B 43 99 24 0.2363..0.2067.0.2175 F10.2107 nm,
SI"A7 s Li—HBE B e . HA A7 s Li—H 2
TB) () P B TR B 40 T Na—H (K IR 3. &30 70
K422 2 i 78, Na-MAZ H SIT" A7 5 H — H 8 i K,
7 0.0754 nm, Li-MAZ " SI"F1 SII"4v7 25 H—H i
K, ¥4 0.0756 nm.

0T B BH 25 1 1) W Aer SR B,
B B AT AR T AR B R 2T R T4
0.040e—0.053e, Ifi £ 25 1 HLff T FE5E S B 6k, 2928
0.059e—0.094e. ¥ A7 J5 15 B~ L Ao 11 ik 2D
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Table 3 Vibrational frequencies (v) of hydrogen and the adsorption energies (AE.q) on the different sites
Na-MAZ Li-MAZ
SI’ N§ SII’ SI” SI’ N SII’ SIr”
viem™ 4373.0 4369.7 4352.8 4346.2 4358.4 4304.0 43353 4308.6
Av/em™ 39.5 42.8 59.7 66.3 54.1 108.5 77.2 103.9
AEa/(kKJ -mol™) -16.07 -16.28 -16.41 -17.22 -16.96 -23.94 -19.06 -23.84

Av: vibrational frequency change before and after adsorption

BB A B 2L BH T 5 BE ) RS, 1
R BRATfE M — ALK 1) A R T R . 3R
29 FIH T S T A A E, Na-MAZ 36 A1 %5
AN B A7 R S HL AT 23 i) D 0.043e. 0.0466e
0.042¢ F10.056¢; Li-MAZ i A1 2 AW A 15 1 20
Ha 17 %523 531 4 0,058+ 0.100e- 0.083¢ F10.098e. &<
H i 50 1 3 00 5 B 28 7 FEL A 25 ek D K B 45,
BeR] DL, TE S H A T S N B 7 LA
KA IR 2531 HAar B8 I oA B & 1 H
Tt R D (R G AR ] LU S AT A T S B 1
2 B AH AR R 5 99 AR B DR, SR A
Na-MAZ 3 A7 7 (1) SIT"07 5580 25 45 46 56 5 1) 41
AR TS 74 Li-MAZ W 47 0 1 STV A1 ST
A7 5 B A B A,
3.3 SRS TFHIRININES

ATAEHAR WA D TR IEN
4412.5 cm™, 1f SCHR PHRIE A 4 4384.0 cm ™, I 2
[ AEAE R 0.65% 1% 2. 1X & i1 T GGA FE 41 fE 1T
N 2 mE A SR SR P B0 th3R 3 v A, 7
Na-MAZ 3 f1 Hh #0542 I8 A0 T- IR B AR AR 4L
(Av) K/ HE R b SIT">STT>SI”>ST'. Li-MAZ ¥ 41
H AR TAE SR st (4R Bl AR b AR K
(RHERE A SI">STI">STI'>ST'. b5 P 2 A [ BH 2 12
B MAZ 3 A7 h &S5 7 B 2 AR 4k, &AUTE Li-
MAZ A7 1 (1) 3% 3 40 2% A8 Ak F 2 45 S /F Na-MAZ
AT E RS 2, EOW M S SRS AN TR IR B A
RAER )58 55,
3.4 RHIRE

A5 TAENa-MAZ J Li-MAZ 3 A DYAN A1
1) % B e 254 L 3. i PR B i 114 5 55 AT 4401, 76 Na-
MAZ A, Ab 1 ST & I T &S B
SRR 0, W B s R 20020 7 A FH 5 55 5t
J7 43 SIT">SII'>S1">ST', W b BE 72 72 AN K, fe KAXAH
ZZ1 1 kJ-mol™'; 1M £E Li-MAZ #5475 /1, &b+ ST 15
A& 1 5 A IR R, 1W<
T B I5HE A SI"~SII">SII'>SI', &7 55 2 i) 4 15

K25, e KAHZEZ) 7 kT -mol ™. WL BE 19 KN 55
SRR E, IR T e e & 5
LR BT BT A 45— 2, Li-MAZ 3 A7 %A a5 06
SRR B E ) E ) T Na-MAZ 3 f1, — 2
bt Na-MAZ 5523 E 5 6-7 kI -mol ™ 247

4 & it

K % vz MR B 1Y GGA/PBE J7 VA 9E T
S0 THE Na-MAZ Al Li-MAZ A )3 A7 5t 1 #vh
(AW BRI i (1) &5 4, 19 300 T 21

(1) MAZ W A7 88 e A7 70 DU AN IR B A7 R, 530l

(2) 7E Na-MAZ ¥ 41 T, S0 2 W B A ST A7
RUAL, BIF 0 BR JA T, 25 A7 50 B i 55 1 HE R
SI">SII">S1">SI', 1% bt [A] W B e 2 BEAN K.

(3) 7E Li-MAZ ¥ 1 Hh, 00480 2 W B AE ST A
N | SO | ANGTvE 2% 1 B e 2 2 6 R VA
J7 0 S1"=SI1">ST1">ST', AN [ 55 %65 &0 1 W B A 5
KR 2 53, W B R g5 KA 22 7 kI »mol ™.

(4) LI-MAZ 3l A0 R B e 0 2200 25 T
Na-MAZ i1 (1 W B g 0, 28 | Li-MAZ ¥ A R
A S AR, TR R TR i SR
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