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MO DAU

1. TINH CAP THIET CUA DPE TAI NGHIEN C UU

Hién nay véc tim kiém nhitng ngwn nang sich, co tit tai o
dugc 1a \an dé cap bachdit ra cho cac nha khoat va cac nha
quan ly kinh € cua cac moc trén tié gioi. Viéc phat hén ra hydro 14
mot Vit mang ing rongda mo ra nbt huéng phat trén cho yéu au
nang hrgng trong trong lai.

Trong inh wec luu trit hydro (hydrogen storage) cét mhiéu
phét trén va cé nhiu céach tikc hru trir. C6 3 phrong phéap wu trix
chinh nhr sau: {ru trir H, & dang khi ap sét cao (>200 bars)yl trit
H, & dang long lanh (21.2K¢& &p siét phong), vatu trir hydro &
dang céac lp chit cé chira hydro néi chungdéic biét [a cac kyp chit
hydrua).

Trén cac ¢ s d6 chang téi #n hanhdé tai: “Nghién atu ly
thuyét co ché phan &ng giai phong Hydro ciaa cac \t ligu trir
Hydro va vai tro xuc tac aia cac hydrua”.
2.MUC PICH NGHIEN C UU

- Nghién ¢u ao ché caa cac phn tng gii phéng H caa cac
vat liéu leu trir hydro dong thyi xem xétanh hréng aia cdc nhém
hydrua len cac phaiing d6 dra trén & mé plong W ciu tric, micc
nang lrong aia cac phanit o trang thai rén, trang thai chugn tiép
dya trén pAn mém Gaussian 03.

- Tir nhitng diu tric phanit, co ché phan ing da dugc tinh
toan ching téi&tinh toandong hoc phin tng thdng qua pin mém
déng hoc Chemrate.
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3.POI TUQNG VA PHAM VI NGHIEN C UU:

3.1.Péi twgng nghién aeiu

Cac lyp chit luu trir hydrodugc chpn dé tinh toan va nghién
ciru co the duoc liet ké drsi day: Ethane gHs, Ammonia borane
BH3;NHs;, Ammonia Alane AlHNH,. Céac lyp chit xiic tac 1a céac
hydrua nlr : BH; (borane), AIH (aluminum hydride), Mghl
(magnesium hydride), NHammonia) v.v...

3.2. Phum vi nghién aru

Pham vi cia dé tai nghién ¢u nay nghiéneu cac phn ung
giai phong H cia cac cht luu trir hydro la : Ethane, ammonia
borane, ammonia alane va t&ng aia cac hydrua nhBHs;, AlH3;,
NHs, MgH, Ién cac phn tng trén.

4.Y NGHIA KHOA HQC VA THUC TIEN CUA DE TAl

Viéc ar dung cong @ hoa tinh toaré nghién ¢u trong nganh
hda e cb y nglia vé cung todn. N6 giup cho cac nha héatco
thé giai thich i dang o ché cac plan da xay ra trong thrc & nhung
chua gii thich dugc. Bong thyi ¢6 thé nghién @u ly thuyét cac plin
rng moi c6 thé xay ra, ko mot dinh hréng cho cac nghiénaa thec
nghiém.

Viéc tim ra céc cit luu trir  hydro c6 dunguong tiii hydro
lén va c6 ki ning ghi phong H dé dang c6 y ndia thrc tién rat
quan tong.

Viéc tim ra o ché giai phéng hydro va tinh toahroc cac thong
sb nhiét dong hoc (nhiét phan ung, Hc do phan tng) cac phn ang
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giai phéng H cia \at liéu leu trik hydro 1& nét van dé quan tong
trong viéc nghién éu, tim kiém vat liéu leu trit hydro.

5. CAU TRUC CUA LU AN VAN
Noi dungcua Iuan vian bao gm 3 chrong:
Chuong 1. Gi thi¢u vat lidu luu trir hydro, @m 12 trang.

Chuong 2. Gy ché cac plan ung gii phéng B caa \at lidu
leu trit hydro va vai tro xic tacoa hydrua 1én cac gh ung, dm
52 trang

Chueong 3.Dong hpc cac phn ung gai phong H, gom 7
trang
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CHUONG 1. GIOI THI EU VE VAT LI EU LUU TRU HYDRO

1.1.  Hydro la chat mang ning lweng dia twong lai
1.1.1 Swkhém phéa @a hydro

Sau khi w nd Big Bang, Wi try d& hit ¢au lanh di,nguyén &
nhe nhit d4 duoc hinh thanh, ma sau nay tthanh nguyénit dau
tién aia hing ke thong tuin hoan. Hydro sadd da duoc chuyn doi
thanh cac nguyér ning hon do ptan tng nhit hach trong cac ngdi
sao va thién ha.

1.1.2 Tinh chit vdt ly va hoa e aia hydro

Gian d6 pha @a H, duwoc mé & theo Hinh 1.1
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Hinh 1.1 : Gin d6 pha gia H,
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Hydro cé cac tinh ¢t vat ly duoc liét ké theo Bng 1.2

Bang 1.2 Tinh cit vat ly cia H,

Tinh chét Giatri
Khéi lugng phan i 2.01594
Pha ran
Diém chay -259C
Nhiét ngeng 1w ¢ -259C 58.158 kJ/kg
Ty trong aia pha &n ¢ -259C 858 kg/ni

Nhiét dung riéng (¢) caa pha fin & -259.8C
Pha léng

Nhiét d6 sbi¢ latm

Ty trong aia pha éng & -253C

Nhiét hoa hvi ¢ -253C

Nhiét dung riéng (§) cia pha bngé -256'C
Piém téi han

Nhiét do t6i han

Ap stt toi han

Ty trong 16i han

Piém Triple point

Nhiét d6 triple

Ap st triple

Pha khi

Ty trong aia khio 0°C va 1 atm

Nhiét dung riéng (¢) cia khio 25°C

2.63 kJ/(kg’C)

-252.8C
70.8 kg/m
447 kJ/kg
8.1 kJ/(kg°C)

-240°C
12.8atm
31.2 kg/m

0259.3C
0.072 atm

0.08987 kg/m
14.3 kJ/(kg°C)

1.1.3 Vai tro aia nang lweng hydro
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Hydro la ngén ning lwrong vo &in. Hydroduoc sin xuét tir
nudc va ring hrong mit troi, vi vay hydro thuduoc con @i hydro
nhd nang lrong mit troi (solar hydrogen). Noc va anh aing mit
troi ¢6 vd #in va kHip roi trén hanh tinh. Vi &, hydro nky ning
lwong mit troi 1a ngwbn nhién Igu vo #én, sr dung tr thé ky nay qua
thé ky khac ko dam an toan #ng luong cho loai ngoi ma khéng s
can kiét, khéng tié c6 khing haing ning rong va ko dam doc lap
vé nang lrong cho mi quéc gia, khéng rit qudc gia naadoc quyén
so hiru haic tranh gianh ngin ning lwong hydro nix tirng Xy ra
Véi nang lrong hoéa thch.

1.2.  Nhirng thach thirc aia vt liéu leu trir hydro

1.2.1. Luwu triz H, 6 dang khi nén

Luu tit hydro king 4p trc da duoc thec hién thanh céng
trong nhéu nim. Nhing nhroc diém cia phrong phap nay lais
dung mbt luvong nho khi va ap e thiét ké caa vat liéu lam binh cha
rat cao.
1.2.2. Lwu trir H, dwéi dgng long

Chi phidé hoa bng H;, 1a rit 16n ddng thyi kém thém chi phi
cach nhit cho Bn chra ding rt dang K day chinh la niing thach
thirc cia phrong phap nay
1.2.3. Luu tréiz hydro dedi dgng rdn

Théach thiic ¢ day la tim cac bp chit c6 chira hydro i
dung krong chra hydro &n, nhét d6 giai phong H bé.

1.3. Khai quat vé hoa heng tir tinh todn (Computational
Quantum Chemistry)
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Sir dung pHin mém Gaussian 08¢ tinh toan: éu trGc phan
tir & trang thai Bn va chuyn tiép, tr két qua d6 chang ta &tinh toan
dugc cac théng&rat quan tong cho ndt phan tng hod ke do la: &
mit thé nang.
Hai phrong phapduoc thyc hién trongdé tai nay 1a :
+ B3LYP/6-311G(d,p)
+ MP2/6-311+G(d,p)
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CHUONG 2: CO CHE CAC PHAN UNG GIAl PHONG H,

CUA VAT LI EU LUU TRU HYDRO VA VAI TRO XUC TAC
CUA HYDRUA LEN CAC PH AN UNG

2.1. ETHANE (C.He)

2.1.1 Co ché phan ing gigi phong H, ciia Ethane (GHg)
Két qua vé co ché caa phin tng duoc dién ta theo hinh 2.2.

Kcal

Product
30.9 @
31./

CzHs (0)

v

Hinh 2.2 : @ ché giai phong H tir Ethane (GHe)

2.1.2 Co ché phdin ing gigi phong H, cia Ethane (GHg) khi c6
mgt cia borane (BH)
Co ché caa phin tng duoc dién ta theo & d6 Hinh 2.4.
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4 TS-EtB2 o ar
82.3

81.6 yfji
9

087

<@

TsEB1 ¥,
61.1 »

v
65.5 2@

8

Product
(CoHa+Ho+BH3)
" 30.9
el 31.7
C2He +BHs Comp-EtB ;g
0.7

S
v &9

0.2

v

Hinh 2.4 : @ ché giai phdng H tir Ethane (GHe)
Véi su ¢6 niit cua borane Bhl

Nhan xét: + Phin ting c6 2 tang thai chugn tiép.
+ Lam gam hang rao th ning kha &n so i khi
khéng c6 BH
2.1.3 Co ché phdin ing gigi phong H, cia Ethane (GHg) khi c6
mgt ciia alane (AlHs)
Co ché caa phin tng dugc mé & theo Hinh 2.6
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Ts-EtAI2 o 229
87.5 "
88 |

P

3 Ts-EtAll
By 58.5
29 & 63.3

Product
(CoHa+H+AIH )

30.9
31.7

C,Hs +AlH(0) 3/3
G

Comp-EtAl y 4
0.1 ‘0@

-14 )

v

Hinh 2.6 : @ ché giai phéng H tir Ethane (GHe)
véi sy c6 niit cua alane AlH

Nhan xét: + Phin tng c6 2 tang thai chuyn tiép.

+ Lam gam hang rao th ning kha &n so i khi
khdng c6 AlH (giam tir 127kcal/mol xdng con 63.3 kcal/mol @i
co ché hinh thanh Ts-EtB1) 88 ¢¥co ché hinh thanh Ts-EtB2).

+ So i BHs, AlH3 c6 tac dng lam gam hang rao
thé ning aia phin tng manh hon Mt chit
2.1.4 Co ché phdin ing gigi phong H, cia Ethane (GHg) khi c6

mgt ciza ammonia (NH)
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2

Kcal 86.2 @

Product
(CH4+Ho+NH5)

CzHe +NH; (0) 9 30.9
31.7
Comp-EtN 377

-1.1

-0.4 J&, )
9

v

Hinh 2.8 : @ ché giai phong H tir Ethane (GHg) véi sy c6 mit cia
ammonia NH

Nhan xét: + Phintng cH co 1 TS.

+ NH; c6 khi ning xGc tac yu nhit so \6i BHs,
AlH ; (twong tng Wi hang rao th ning & 94.2 kcal/matii véi NHs,
65.5 kcal/molddi voi BH; va 63.3 kcal/modidi voi AlH 5).

2.1.5 G ché phdin #ing gigi phéng H, cia Ethane (GHg) khi c6
mgt cza magnesium hydride (Mgh)
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TSEMG2 5 o

98.1 .
99.¢

W ~al

!
@ 9 @
0813 0.94
P Ts-EtMg1l
A ) 56.7
e
o 60.€ Product
CoHg +MgH, (CoHy+Ho+MgHy)
(0) 30.9
Comp-EtMg ¢ 317
0617 ‘*3{#
0. . :
r
9

[
»

Hinh 2.10: @ ché giai phong H tir Ethane (GHg) V6i s c6 mit caa MgH,

Nhan xét két qua nhw sau:

+ Phin ting ¢6 2 tang thai chugn tiép

+ Hang rao th ning dugc giam dang K so \6i phan tng
khéng c6 nit caa MgH, : giam tir 127 kcal.mol dén 60.6 kcal.mot.
2.1.6 Vai tro xdc tac éa cac hydrua

Dé xem xét tac gng aia cac lai xdc tac 1én phn ung gai
phéng H, bang 2.9 m64 mac d¢ anh hrong aia aia cac xuc tac.

Bdang 2.9 : Bing tom &t két qua phan iing gidi phong H tir Ethane
khi c6 nait cac hydrua la: BH AlHs, NHs, MgH,.

Complex Khoang cach
M, H, (Keal /ﬁnol) TS (Kcal/mol) o (‘;10)
Khbéng c6 xic tac 127
BH; -0.2 65.5 0.98006
AlH -1.4 63.3 0.88241
NH; -0.4 94.2 1.01942
MgH, -0.7 60.6 0.81444
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2.2 AMMONIA BORANE (BH 3NH3)
2.2.1 Gr ché phin #@ng gigi phéng H, cia ammonia borane
(BH3NHy)

A 0.99

E 137’3

Kcal Ts-ab 15 /12
35.7 ﬁ? ¥
36.5

1.02 wy &
BHsNH; (0) z;r_%dum 1‘?&41 N +H2

-8 D

Hinh 2.12 : @ ché giai phéng H tir BHsNH;

Nhan xét:

+ So \bi phan tng gii phéng H tir C,He thi phan tng gii
phéng H tr BH;NH; c6 hang rao th ning thip hon nhiu
(36.5kcal/mol ¥i BHsNH;3 va 127kcal/mol &i CoHe).

+ Phining 6a nhét.
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2.2.2 G ché phin #ng gigi phong H, cia ammonia borane
(BH3NH3) khi c6 mat ciza borane (BH)

]
i 140y TS'ab'BB
P il & 44.4

A P 49.1
E &,
Kcal Ts-ab-BNE 3}3/3
#'34 1.77
124 1.79
?:uss ﬁ/
3,3’_‘3 mf
BH3NH3;+BH; (0)
Product
(BH2NH,+H,+BH,)
Comp-abb 3\1?3
-14.1 130
_16.1 1.2¢ ' 160 é Product v
‘jﬂ 5 (ringBH,NH,BH+H,)
-32.3
-36.7

v

Hinh 2.14: @ ché giai phong H tir ammonia borane (BMH3)
VGi sy cO mit cuia BH;
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Nhan xét két qua :

+ Phin g o phrc toa nhét.

+ BH; c0 the dong vai trd xdc tac va lam éhtham
gia phin tng.

+ Hang rao th ning gam rat manh (tr 36.5dén 7.2
kcal/molung Wi khéng ¢ nit va cé nat BHy).

+ PHin ung ©a nhit manh khi o hop chit vong
ringBH,NH,BHs.
2.2.3 Gr ché phin #@ng gigi phéng H, cia ammonia borane
(BH3NH3) khi c6 mt ciia alane (AlH;)

Co ché phan g duoc dién ta theo hinh 2.16
Nhan xét két qua:

+ Phin g o phrc toa nhét manh.

+ AlH; c6 th déng vai tro xic tac va lam éhtham
gia phin tng.

+ Tac ding lam gaim hang rao th ning phin ung
cua AlHz I6n hon BHs.

+ PHin ung ©a nhit manh khi o hop chit vong
cyc-NH,BH,HAIH ,.
2.2.4 G ché phin #ng gigi phong H, cia ammonia borane
(BH3NH3) khi c6 mit ciia ammonia (NH)
Nhan xét két qua:

+ Phin ting tao phrc la tHa nhit.

+ Phin ting c6 3 tang thai chugn tiép.

+ TAc ding lam gim hang rao th ning aia NH;
nhdé hon so bi BH; va AlH;
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W y
‘ 1.92

277\

Kcal &p 4{, Ts-abal- Do
AlB ;J .
097

40.7

45.3

g9

220

3.06

Ts-abal-AlH3-B Ts-abal-AH3-N }i

20.5

28.9 27.9 110

: 26.6
Product
(BHNH,+H,+ALH.>)
8.6
BHaNH+AIH 5 -8

(0)

\

e

Product j
(NHzBHzAIH 3+H2)3—' 17

17;? ’ 3 Product
Mﬁ b/ - (cyc-NH,BH,
e Comp-abal 9 HAIH »+Hy) 3\ Y
\ =142 2
124 -16.3 -36.6

v » 4

Hinh 2.16: @ ché giai phong H tir ammonia borane (BMH3)
Vai su c6 niit cua AlH;
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Ts-aba-NN 128 " |

1.53/~
?1\34 | ‘ J
L I s-aba-

P

BH3NH3;+NH;

Product
(BH,NHo+H,+NHs)
QAR

1.89
4

Comp-aba

9.6 T .3-03
84 gl

Hinh 2.18 : @ ché giai phéng H tir ammonia borane (éJHng)
V&I su cO miit caa NH;

2.2.5 Vai tro xuc tac ga cac hydrua trong plin i#ng gidi phéng H,
cua BH;NH;

Dé xem xét tac ang aia cac lai xdc tac 1én phn ung gai
phéng H, bang 2.21 md4 mac d6 anh hrong aia aia cac xuc tac.

MyH, Complex TS (Kcal/mol) an pham
(Kcal/mol) (Kcal/mol)
Khbng c6 xdc tac 36.5 -8
BH; -16.1 7.2 -8
AlH 3 -16.3 1.8 -15.3
NH; -8.4 22.3 -8
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Bang 2.21: Bng tém fit két qua phan tng gii phéng B tir BHsNH;
khi c6 mit cac hydrua la: BE AlH3, NH;
2.3 AMMONIA ALANE (AIH 3NH5)
2.3.1 @ ché phin #ng gigi phong H, cia ammonia alane
(AIH3NH>)
Co ché phan ttng dwgc mé & theo hinh 2.20.
Ts-aa 1303 1‘3

b E 28.2 A 1.39
Kcal 29.4 w s _
‘ W

?sg Product P ‘157
o 4.6 r X +H
.‘/Jﬂ 2.8 - S
&= a
AlH NH; (0)

v

Hinh 2.20: @ ché giai phong H tir AIHNH;

Nhan xét két qua :

+ Ammonia alane c6 khning gii phéng H dé dang len so
v6i Ethane va ammonia borane: hang raoréing aia phin tng gi
phong H caa Ethane la 127 kcal/moly& ammonia borane la 36.5
kcal/mol va éa Ammonia alane 1a 29.4 kcal/mol.

+ Phanung thu nhét.
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2.3.2 G ché phin #ng gigi phéng H, cia ammonia alane
(AIH3NH3) khi c6 mat ciza borane (BH)
Co ché phan tng duoc md & theo Hinh 2.22

)

Product 3\{’
(NHsAIH ,.BH,
+Hy)

—11.1

1013 M
{ )
o

AlH3;NH;
+BH; (@) )
x10 3
99—
Product
NHAIHBH;+H, 9%
Comp-aalb 6. .
-27.9 -31.2
-31.8 3 212
.3 +H
¥ ,

Hinh 2.22 : @ ché giai phéng H tir ammonia alane (AlfNH5)
Vai su cO it cia BH;
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Nhan xét két qua :

+ Qua trinh hinh thanh ph chit téa nhit lon.

+ CO 2 tang thai chugn tiép.

+ BH; khéngdong vai trd xudc tac maong vai trd cht tham
gia phin tng (vi sau phn tng sin pham khong cé rat BHy), tuy
nhién s c6 mit caa BH; giam rat dang K hang rao th ning aia
phan wng gii phéng H tir AlH;NH; (giam tr 29,4 dén -2.1
kcal/mol).

2.3.3 @ ché phin @#ng gidgi phong H, cia ammonia alane
(AIH 3NH3) khi c6 mit ciia ammonia (NH).

Co ché phan ing duoc mé & theo hinh 2.24
Nhan xét két qua :

+ C6 2 plirc chit, va phin trng tao phic 1a Ha nhit

+ TAt ca cac hang rao thning trong pn ttng naydéu thip
hon hang rao thnang aia phin tng gii phong H cia AlH;NHs.

+ NH; dong vai tro wra la chit xdc tac wa lam clit tham gia
phantng
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@
0.96
E @ 4 Ts-daal-ben-NH3-N 9 m‘u
P90 22.8 o7 G

Keal » 25 1 Ts-daal-lin @
17.7
19.4
Ts-daal-ben Lo
*\3108 Al NAI "

12.1

1.75
15.5 :’l )

Product
AlH - NH,+H,+NH
AlH 3NH;+NH;3 21_6 — J
0) 2.8  Product
— (NH3AIH ,NH,
+Hy)
Ci%mp-da&% / ;  Comp-daal-lin -15.8
- -104 -17.9
-8.5 10
T LH 3& T 2.19 ‘ 2.09 +H
2
2.05 ; -
. 9 9 9 @

Hinh 2.24: @ ché caa phin ttng giai phéng H tir ammonia alane
(AIH3NH3) vé6i su cé mit cia NH;
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CHUONG 3
PONG HQC CAC PHAN UNG GIAI PHONG H,
3.1.P9ng hgc phan #ng giai phdng H, tir C;H,
Dung Kt qua t6i wu héa du trac ir Gaussian vad qua hang rao
thé nang, sr dung pim mém Chemrate ta tinh toarifg & toc do

phan (tng theo nhit d6 & &p sit ¢b dinh. Két qua theo ting 3.1sau:
Bang 3.1: Kt qua dong hoc cia phin ting giai phéng H tir C,He

Nhiét @6 [K] Rate constant (1/s)
2000 0.369
2111.1 1.586
2222.2 5.636
2333.3 16.997
2444 .4 44.500
2555.6 103.049
2666.7 214.533
2777.8 307.035
2888.9 712.267
3000 1161.69

3.2Dbjng hoc phan wng giai phong H, tir BH;NH;
Két qua hing $ toc do phan ung phu thusc vao nhét do

theo Bing 3.2.
Bang 3.2: Kt qui déng hoc ia phin iing gidi phéng H tir BHsNH;
Nhiét @6 [K] Rate constant (1/s)
700 10.685
722.2 22.541
744.4 45.054
766.7 85.697
788.9 115.745
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811.1 271.409
833.3 454.985
855.6 735.866
877.8 1151.27

900 1746.54

3.3Djng hoc phan wng giai phong H, tir AIH ;NH;3
Két qua hing $ toc do phan ung phu thudc vao nhét do

theo Bing 3.3.
Bang 3.3: Két qua dgng hoc aia phin iing gidi phong H tir
AlH3;NH3
Nhiét do [K] Rate constant (1/s)
600 48.987
611.1 73.263
622.1 107.682
633.3 155.687
644.4 221.555
655.6 310.619
666.7 429.308
677.8 585.317
688.0 787.705
700 1046.98
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KET LUAN VA KI EN NGHI

KET LUAN:

Nghién @ru nayda ghi quyét duoc nhidu vin dé quan tong
ctia viéc nghién @u Vé vat ligu trir hydro (hydrogen storage) :

+ Tim ra 3 lyp chit c6 thé lam \at liéu leu ti hydro 1a
Ethane, ammonia borane va ammonia alane.

+ Tim radugc cac cht xic tac 1a cac hydrua alBH;, AlH5;,
NH,, MgH, trong c&c pin ang gii phong H caa ba lop chit trén.

+ Xay drng duoc ao ché cac plan tng gii phéng H caa ba
vat liéu leu trir hydro trén khi c6 va khéng co cagphchit xdc tac.

+ Tim duoc hing $ toc d6 phan tng aia ba phn tng gai
phéng hydro ¢a ethane, ammonia borane, ammonia alane.

KIEN NGHI:

+ Néu duogc thrc hién trén & thbng may tinh c6 &u hinh
manh, t6i $ chay tdi uu hoa éu hinh ti cAc phrong phap va dham
cao flon nhr CCSD(T).b6 chinh x&c @a phrong phap & cao lon.

+ Néu codu diéu kién s thiec hién duoc cac nghiénieu dé
khangdinh lai cac Kt qua nghién gu ly thuyét trén.



