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Abstract 

The mechanism for the reaction of the oxygen atom (O'D) with methanol (CH3OH) molecule is studied using 
computational quantum method, namely B3LYP/aug-cc-pvtz. The potential energy surface (PES) for this system shows 
that eight different products have been found. The interesting result is that all reaction routes for the (O'D) + CH3OH 
needed through pre-assoeiation Cl (CH3(0)0H) complex. The formation of the product H20+H2C=0 is the most 
favorable. Our study would be contributing to understand more about the reaction mechanisms of the oxygen atom with 
methanol and in fact this reaction is one of the important ones in the atmosphere and combustion chemistry. 

I.GI61 THIEU 

Cdc phdn irng cua nguyen tir oxi d trgng thdi 
singlet, 0 ( ' D ) , ddng vai trd quan trgng trong hda hgc 
khi quyin vi 0 ( ' D ) Id mdt tdc nhdn phdn ung cd hogt 
tinh mgnh vdi cdc phdn tir nhd trong mdi trudng [1]. 
Phdn ung cua nguyen tir O vdi cdc phdn tu 
hidrocacbon thudc ITnh vuc hda hgc cdc qud trinh 
dlt chdy cung Id mdt chii dk quan trgng dugc nghien 
ciiru nhilu trong vdi thdp ky gdn day [2]. Cdc cdng 
trinh ndy dugc nghien ciru nhieu cd ve ly thuyet ldn 
thuc nghiem nhu phdn irng ciia 0 ( ' D ) vdi benzen 
[1], xiclopropan [2, 3], axetilen [4], cdc ankan [5-8], 
nude [9],... 

Phdn irng cua 0 ( ' D ) vdi metanol gdn liln vdi 
thuc tiln do metanol cd thi dugc sir dyng nhu mgt 
logi nhien lieu thay thi cd tdc dyng gay d nhilm thdp 
hon so vdi cdc nguon nhien lieu phd bien hien nay 
vd cd thi dugc sdn xudt tir con dudng sinh boa [10]. 
Vi vgy, trong cdng trinh ndy, chiing tdi da tien hdnh 
nghien cOru ly thuylt ca chl phdn ung ddy du cho he 
phdn irng 0 ( ' D ) + CH3OH. 

2. PHUONG P H A P T I N H 

Tat cd cdc tinh todn dugc thuc hien bdng phdn 
mIm Gaussian 03 [11]. Cdu triic hinh hgc ciia cdc 
chat diu dugc tdi uu theo phuomg phap philm hdm 
mat do d muc B3LYP/aug-cc-pvtz. Su xac djnh 

diing mdt trgng thdi chuyen tiep tim dugc ngodi viec 
phdn tich tan sd dao ddng cung cd the dugc kiem tra 
them bdng cdch tinh tga do ndi phdn ung (IRC). 
Ndng lugng diem don cung dugc tinh d muc 
B3LYP/aug-cc-pvtz. Tir cdc ket qud nhdn dugc se 
xdy dung be mat the nang vd xdc djnh cdc thdng sd 
nhiet ddng phdn ung cua he d 298 K, 1 atm. 

3. KET QUA vA T H A O LUAN 

Tren so do vd bl mat thi ndng (hinh 1) cua he 
phdn img nguyen tir 0 ( ' D ) vdi metanol, phiirc chdt 
trung gian hinh thdnh ddu tien dugc ki hieu Id Ci. Cdc 
cau triic cue tilu Id hgp chat trung gian dugc ki hieu 
Id Ij (i = 2 4- 4), cdc sdn phdm dugc ky hieu Id Pj (j = 1 
-H 8) vd cdc cdu tnic Ugng thdi chuyen tiep (TS) dugc 
ky higu Id i/j hodc i/Pj vdi i, j tuomg ung Id thu tu cua 
cdc cue tilu phuc chdt, hgp chdt trung gian hodc sdn 
pham. Khi them chQ- cdi h ben canh ky higu trgng thdi 
chuyin tilp cd y chi rdng nd cd ndng lugng cao bom 
so vdi khi them chu cdi s. Tir kit qud tinh ndng lugng 
dao ddng dilm khdng vd ndng lugng dilm dom xdc 
djnh dugc nang lugng tucmg quan vdi muc ndng 
lugng cua hg chdt tham gia phan ung ban ddu 0 ( ' D ) + 
CH3OH dugc qui udc bdng 0. Hinh hgc cua mgt sd 
cdu triic dugc thi hien tren hirih 2. 

Kit qud tinh toan cho thdy, tat cd cdc trgng thai 
chuyin tilp diu thda man cd 1 tdn sd am (bang 1). 
Cdc kit qua nay gdp phdn khdng dinh rdng cac TS 
ma chiing tdi tim thay la hoan toan dung. 
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Bdng /.- Gid trj tan so dao dgng cua cdc TS 

TS Tan so IR, cm" 

1/P, 

I/P2 
l/2h 

l/2s 

2/Pj 

2/P7 

1/3 

1/4 

3/4h 

3/4s 

3/P3 

3/P4 

3/P5 

4/P3 

4/P8 

4/P6h 

4/P6, 

-600,3;130,0;437,6;656,6;674,8;780,2;835,4;987,5;1080,5;1186,4;1260,9;1400,3;3059,2;3460,8;3715,0 

-1205,9;59,3;199,6;383,3;671,0;730,7;I039,2;II60,4;1287,5;I398,4;1446,9;2455,2;3071,0;3216,3;3267,0 

-877,7; 150,2;555,0;693,3;849,3;968,3; 1045,8; 1119,1; 1347,1; 1450,7; 1485,1 ;3037,4;3177,4;3266,6;3727,8 
-1277,3;194,7;355,5;697,6;953,8;985,0;I182,0;1235,6;1451,4;1467,3;I498,0;2870,4;3048,1;3133,2;3I50,5 

-1529,4;256,8;458,3 ;495,2;616,9; 1050,0; 1086,0; 1231,1; 1235,6; 1278,7; 1509,2; 1793,2;2954,1 ;3045,3;3598,4 
-1051,7;541,6;676,6;778,I;874,9;954,2;1102,6;1171,1;I211,2;1351,6;1379,8;1517,0;2517,3;3118,5;3246,3 

-1456,6;239,2;291,0;390,6;975.2; 1038,4; 1152,5; 1321,0; 1340,6; 1436,8; 1496,2;2525,5;3025,0;3103,6;3776,1 

-1289,9;289,1 ;520,7;772,0;830,8;890,1; 1122,9; 1145,5; 1159,1; 1222,5; 1445,3 ;2087,7;3049,2;3143,6;3710,5 

-1882,8;269,8;359,5;598,6;823,5;875,0;II32,8;I167,7;1259,2;1307,7;1360,6;2678,2;2786,3;3019,1;3798,8 

-235,4;297,9;536,7;999,1; 1042,7; 1091,5; 1194,1; 1289,2; 1397,1; 1453,3; 1537,1 ;2969,2;3054,9;3801,3;3825,2 

-1278,5;205,6;354,6;460,3;681,3;752,l;l0l4,l;l202,l;1287,3;1439,4;1528,0;1976,3;3055,7;3661,4;3785,4 

-1275,7;210,l;272,7;396,2;696,8;788,4;l024,5;1184,8;1290,5;1443,8;1522,2;200I,6;3115,3;3724,5;3788,5 

-1741,4;436,0;528,9;720,0;783,I;I019,8;1200,1;1280,8;1315,5;1352,4;I561,I;1975,7;2957,6;3028,1;3760,8 

-1284,4;222,8;364,3;421,2;672,2;737,5;10I3,5;I203,8;1304,2;1434,1;1534,8;1971,8;3030,3;3661,0;3787,8 

-I246,2;313,9;420,l;582,8;594,5;616,5;1074,8;1166,0;1205,2;1299,9;1388,2;15ll,5;2702,8;3784,7;3787,0 

-1109,3; 108,9;442,7;608,5;701,0;836,7;934,2; 1088,7; 1188,3; 1234,9; 1326,4; 1389,6;2586,5;2886,8;2982,1 

-2305,6;499,6;545,7;655,3;783,6;1095,5;1I28,1;1247,0;1309,1;1391,5;1462,0;1769,7;1984,7;3062,7;3719,4 

Khi nguyen tir O ("D) tan cdng vdo phdn tir 
CH3OH tgo ra phirc chat Ci (-252,2 kJ/mol) thi cau 
triic hinh hgc cua CH3OH hdu nhu thay ddi rat it. Cdc 
lien ket C-0 vd 0-H dugc keo ddi ra khdng ddng ke. 
Trong phdn tu CH3OH, deo = 1,423 A; do-H = 0,961 
A; trong khi dd cdc khodng cdch nay d C| ldn lugt Id 
1,452 A vd 0,968 A. Lien kit O-O mdi dugc hinh 
thdnh d Ci :d dg ddi khd ldn (1,500 A), chimg td lien 
ket ndy kern ben. NhQ-ng lap ludn ndy cd the chirng td 
rdng phuc chdt Ci Id cdu triic ddu tien dugc hinh 
thdnh khi O ( 'D) tdn cdng vdo phdn tir CH3OH. Qud 
trinh ndy khdng thdng qua hang rao ndng lugng. Tir 
Cl, hai lien ket C-H trong nhdm CH3 cd thi bj keo ddi 
tgo ra TS 1/P, (+112,0 kJ/mol) vd tir dd tdch ra phdn 
tir H2, hinh thdnh sdn pham P, (H2+HC-OH-O). 
Khodng cdch H-H d TS 1/P, khd ngdn (0,803 A), 
thuan lgi cho vigc hinh thdnh phan tir H2. Tuy nhien, 
dieu ddng chu y Id hdng rdo ndng lugng cua qud trinh 
tgo P] Id rdt Idn. 

Nguyen tir H cua lien kit O-H trong C, cung cd 
thi bj diit ra va djch chuyin vl phia nhdm CH3 de 
hinh thdnh TS I/P2 (-93,9 kJ/mol). Lien kit 0-H vd 
C-0 bj keo ddi, tuomg img Id 1,055 A va 2,179 A. 
NhQ-ng qua trinh ndy thuan Igi cho vigc tdch ra phdn 
tir O2, hinh thdnh sdn pham P2 (CH4+O2). 

Tir phirc chat C, dl tgo thdnh trgc tilp hgp chdt 
trung gian I2 cd thi cd 2 con dudng khdc nhau. Ddy Id 
mgt dilu khd ly thii. Nlu di qua trang thai chuyin tilp 
TS l/2s (-228,4 kJ/mol) thi qud trinh djch chuyin cdc 
nguyen tir khd dom gian. Liic nay nguyen tir H trong 
lien ket 0-H se djch chuyin sang phia nguyen ttr O 

cdn Igi dl tgo ra lien ket O-H mdi vd hinh thdnh I2. 
NIU di qua trgng thai chuyen tiep TS l/2h (-106,0 
kJ/moI) thi qua trinh dich chuyen cdc nguyen tu phuc 
tgp bom vd cd hdng rao ndng lugng Idn hon khd nhieu. 
Khi dd, lien ket C-O trong C, dugc keo ddi ra. Trong 
cdu triic TS l/2h cdc nguyen tir C-O-O tgo ra mgt 
vdng 3 cgnh cd kich thudc khd Idn. Cdc khodng each 
C-0 lan lugt Id 1,807 A vd 1,928 A, cdn d(K)= 1,532 
A. Cdc nguyen tir O trong C, gdn nhu Id thuc hien 
qud trinh ddi vj tri cho nhau trong viec lien ket vdi 
nguyen tir C de tgo ra I2. Rd rang Id vi cd hdng rdo 
ndng lugng Idn hon nen vigc hinh thdnh I2 bdng con 
dudng thdng qua TS l/2h se khd khdn bom nhilu so 
vdi khi di qua TS l/2s. 

Cdc sdn phdm P5 (H20+H2C=0) vd P7 
(H2+H2COO) deu cd thi dugc hinh thdnh true tilp tir 
I2. Khi di qua TS 2/P5 (-232,0 W/moI), mgt nguyen tu 
H trong nhdm CH3 ciia I2 se tir tir djch chuyin sang 
lien ket vdi nguyen tur O (dang lien kit vdi nguyen tu 
H). Khi do lien kit C-H se bj keo dai ra, dc.H= 1,242 
A; lien kit O-H mdi chuan bj dugc hinh thanh do-H = 
1,486 A. Khoang each 0 - 0 cung bi gian ra khd ldn 
1,917 A; thuan Igi cho viec tach ra phan tu H2O tgo ra 
sdn pham P5. Nlu di qua TS 2/P7 (-159,5 kJ/moi) thi 
mgt nguyen tir H cua lien kit C-H ciing vdi mgt 
nguyen tir H cua lien kit O-H se dugc tach ra. Trong 
cdu tnic TS 2/P7, cdc lien kit nay da bj keo dai ra 
tuomg ung Id 1,769 A vd 1,481 A. Nhirng qua trinh 
djch chuyin nay diu gdp phdn lam tdch dl dang mgt 
phan tu H2 hinh thanh san pham P7. 
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Chat trung gian I3 dugc tgo ra tir C, thdng qua TS 
1/3 (-36,3 kJ/mol). Nguyen tu O dumg dgc lap (chi 
lien ket vdi nguyen tir O cdn lgi) trong C, se tir tir bj 
tdch rdi vd chuyin djch vl phia nguyen tu C dl hinh 
thanh lien kit C-0 thir hai. Trong TS 1/3, dg ddi lien 
kit 0-0 liic ndy rat ldn (2,311 A). Song song vdi qua 
trinh djch chuyen ciia nguyen tu O Id qud trinh cdt dirt 
mgt nguyen tir H trong mgt lien ket C-H (1,113 A). 
Nguyen tu H nay se tien ddn ve phia nguyen tir O 
trong lien ket C-0 mdi dugc hinh thdnh vd tgo ra 
them mdt lien ket 0-H (1,750 A) mdi nQ-a, tgo ra I3. 
Tir hgp chdt trung gian I3 cd 5 con dudng phdn irng 
khdc nhau. 

Dudng thir nhat di qua TS 3/P3 (-399,8 kJ/mol) se 
tgo ra sdn pham P3 (H2O+HCOH,,,). Khi dd mgt 
nguyen tir H trong nhdm CH2 cua I3 se bj tdch ra vd 
tien ve phia mgt trong hai nguyen tir O dl tgo ra lien 
kit 0-H mdi, mdt lien ket C-O se bj keo ddi (2,120 
A) vd dirt ra tgo nen phan tir H2O. Dudng thu hai di 
qua TS 3/P4 (-406,5 kJ/mol) dl tgo ra sdn pham P4 
(H20+HC0H„.a„,v)- Qud trinh ndy xdy ra cung gdn 

giong vdi dudng thir nhat, chi khdc Id nguyen tu H bj 
tdch ra ciing vdi nhdm OH dl tgo thanh phdn tir nude 
Id nguyen tir H cdn lgi cua nhdm CH2 trong phdn tu 
I3. Dudng thOr ba di qua TS 3/P5 (-507,9 kJ/mol) dl 
tgo ra sdn pham P5 (H20+H2C=0). 6 day, mdt 
nguyen tir H cua nhdm OH ndy se chuyin thdng ve 
phia nhdm OH kia de tdch ra mdt phdn tir H2O. 
Dudng thii- tu di qua TS 3/4s (-676,0 kJ/mol). Trong 
qud trinh nay, mgt nguyen td H cua mgt nhdm OH 
djch chuyin vl phia doi dign so vdi mat phdng 0-C-O 
dl tgo ra hgp chat trung gian I4. Dudng thir ndm di 
qua TS 3/4h (-163,7 kJ/mol) cung tgo ra I4 nhung sg 
djch chuyen cdc nguyen tir trong trudng hgp ndy phiirc 
tgp hon vd cd hdng rdo ndng lugng cao born rdt nhieu 
so vdi dudng thir tu. Khi dd tir I3, mgt nguyen tir H 
ciia nhdm OH thiir nhat se djch chuyen ve phia C tgo 
ra mgt lien ket C-H mdi. Ddng thdi lgi cd qud trinh 
ngugc Igi, mgt nguyen tu H cua nhdm CH2 lgi bi dirt 
ra vd tiln vl phia nguyen tir O tgo ra lien ket 0-H mdi 
d ciing mgt phia vdi lien ket O-H sdn cd cua I3 so vdi 
mat phdng 0-C-O, tgo ra I4. 

Pj H2+HOCOH 

4/P6h t / P s j 

H2+HCOOH 1/4 

CH30H+0('D) 

4/P6S 

E 

CH3OH+O I'D) 

§ 
-2004 £ 

-400 

-600 

OH^THj-OHcIs 

14 

: OH-CHj-OHcis •'^—O...OHCH3 

U 
4/P. 

\ * \ . Phuc (C 
3 / 4 h \ \ 3 / 4 s I 

3/P3 
P3 HzO+HCOHcis - * - 0H-CH2-0Htrans 

^ I3 
p^ HjO+HCOHtrans 

H2+HC-OH-O 

CH4+O2 

^ > - - . ^ CH3O-OH - ^ ^ ^ ^ H2+H2COO P7 

3/Ps 
H2O+H2CO P5 

112,0 

1/P1 " 

74,8 
H2+HC-OH-O 

-36,3 

• 1/3: 

-106,2, 

-228,4 

-2S23.-> 

CH3-OH-O 

C1 

1«»' „ ' ', 

-106,0 ^ „ 
, ; -93,9 

; ' r-^!-163,7 
'.;3Mh'.' -207,4 

;'', ,-'4/P6h--, -232,0; 

••.•2lp?-', 

-352,V : 

•tiPi'V 
';•'"'• \\ '• .•' .•-' 3/PV, 

t-399:^ 

-159,5 

.•'2IP7 ' 

4/P3 

-217,8 
Hj+HjCOO 

; -' '. I'. '• .• .• 3/P3, \ ^"^' -378,2, 

••-,1 \ i \ ••/•Uo6,5^ia.. ••p£r7f<>^•^..^^^.^ 

.' ; . , c 1" ,' >,"••--'- •• ; - V - - - . '. " • " • " HjO+HCOHds PJ 
; -435 ,1——•, , • ' , ,' • • - . . . •,,' ,>. • • - - ' . . . -4433 
; CHjO-OH ,•, y 507 g " " - - : - •' •• ' HjO+HCOHtrans P^ -507,9 

'3/P6 
-515,4 

H2+HOCOH 

-688,2 : ; ^ - - " 

OH-CHi-OHtrans 

13 

•676,0 

'3/48 

t;,-662,8 

0H-CH2-OHCIS 

HjO+HjCO 

V-691,0 
H2+HCOOH 

Hinh 7: So dd phdn iirng vd bl mat thi ndng (PES) cua he phdn img O ( • D ) + C H 3 0 H 

Tir I4 cd thi true tilp tgo ra sdn phdm Pe va C-H dl tgo ra phan tii H2. CJ TS 4l?6S, cac lien kit 
(H2+HCOOH) theo 2 cdch. Cdch thiir nhdt thdng qua 0-H vd C-H khi sdp bj diirt cd do dai khd ldn, tuomg 
TS 4/P6S (-378,2 kJ/mol) la Idm dirt cdc lien kit 0-H img la 1,312 A va 1,517 A. Hai nguyen tir H khi bi 
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tdch ra cung tir tir tiln lgi gan nhau (1,029 A) dl hinh 
thdnh phan tir H2. Phan cdn Igi sau khi tdch H2 Id axit 
HCOOH cd cdc nguyen tir H d vj tri trans so vdi lien 
kit C-0 trong mdt phdng O-C-O. Cdch thiir hai Id 
thdng qua TS 4/P6h (-207,4 W/mol). Khdc vdi cdch 
thOr nhat, phdn tir H2 trong trudng hgp ndy dugc hinh 
thdnh tir vigc dirt cdc lien kit O-H. Trong cau true TS 

CH3OH 

4/P6h, do-H luc nay Id khd Idn (1,723 A vd 1,639 A). 
Dong thdi vdi qua trinh tren thi mgt nguyen tiir H d 
nhdm CH2 cung bj dirt ra va tien vl phia mgt nguyen 
td O tgo ra mgt lien kit O-H mdi, hinh thanh nen 
phdn tir axit HCOOH. Theo each thiir hai cd hdng rao 
ndng lugng Idn hon cdch thiir nhat rat nhieu nen kem 
thugn Igi hon. 

3/4h 

0962 

Mis 

0,964 

I4 2/P7 4/P6S 
0i>62 

0962 

1/Pl 

0 M 3 

4/P, 

\A9\ 

^0.963 

IJ31 > * r i J 7 6 l l 0 3 ' * 
116/4 

108^ \1.13l 

1/473 

l/2h 

4/P6h 

3/P5 

IJI6 j ^ , l J 8 7 1164 

2196 

I/P2 

Hinh 2: Hinh hgc mdt so trgng thai chuyin tilp va chdt trung gian (dg dai lien kit (A), gdc lien kit (")) 
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Viec tdch phdn tir H2 cung cd thi dugc thuc hien 
tir I4 thong qua TS 4/P8 (-352,7 kJ/mol). Cdc nguyen 
tir H dugc tdch ra tir nhdm CH2 ciia I4. Ddy Id mdt 
trudng hgp tdch H2 khd ddc biet so vdi viec tdch H2 d 
cdc dudng phdn ling da phdn tich d tren. Trong cdu 
tnic ciia trgng thdi chuyen tiep TS 4/Pg, cdc lien ket C-
H trudc khi bj tdch cd dg ddi chenh lech khd ldn, ldn 
lugt Id 1,956 A vd 1,134 A. Khoang cdch giQ-a 2 
nguyen tir H nay ciia TS khi chuan bj hinh thdnh phan 
tir H2 cQng ldn hon (1,254 A) so vdi cdc trudng hgp 
ciia TS cung tdch ra phdn tir IT da phan tich d tren 

Tir viec phdn tich cdc dudng phdn img tren be mat 
thi ndng ciia hg phdn irng 0 ( ' D ) + CH3OII d tren 
chung ta cd the nhdn thay con dudng tgo thanh sdn 

pham P5 (H20+H2C=0) khi di qua C,^TS l/2s 
->I2^TS 2/P5^P5 Id con dudng cd hdng rdo ndng 
lugng thdp nhat, se gap nhilu thuan Igi nhat. Ngugc 
Igi, sg tgo thdnh sdn phdm P, (H2+HC-OH-O) cd hang 
rdo ndng lugng rdt cao nen klid cd thi xdy ra. 

Gid trj entanpi vd ndng lugng Gibbs cua mdt 
phan irng hda hgc cd thi tinh dugc bdng ly thuylt 
[12]. Doi vdi phdn irng cua he O ( ' D ) + C H 3 0 H , 

trong sg tgo thdnh cdc sdn phdm Pj-̂ Pg, kit qud d 
bang 2 cho thay trir qua trinh tgo sdn phdm P, con tdt 
cd cdc qud trinh cdn Igi deu Id qua trinh toa nhiet vd 
deu cd ndng lugng Gibss AG < 0, thuan Igi cho phdn 
irng xdy ra. 

Bdng 2: Ket qud tinh entanpi vd ndng lugng Gibbs 

Phdn irng AH298 K. I aim, kcal/mol AG298 K. I aim, kcal/mol 
0 ( ' D ) + C H , 0 1 1 - ^ H 2 + H C - 0 1 I - 0 

(PI) 
-CH4+0:(P2) 
->H20+HC01i„ 

(P3) 

(P4) 

(P5) 

(P6) 

(Ps) 

•H20+HCOH„„„, 

•H20+H2C=0 

^H2+HC00H 

>H2+H2COO (P7) 
•H2+H0-C-0H 

18,7 

-97,59 
-100,8 

-105,0 

-157,4 

-164,3 

-51,3 
-122,3 

18,6 

-98,25 
-103,1 

-107,2 

-159,2 

-164,1 

-51,2 
-122,2 

4. KET LUAN 

Todn bd cdc cdu true hinh hgc lien quan den qud 
trinh hinh thdnh 8 sdn pham khdc nhau tir he chdt 
phan irng 0 ( ' D ) + C H 3 0 H dd dugc xdc djnh. B I mat 
the ndng cua cdc qud trinh ndy cung dugc xdy dung, 
cu thi CO chl tgo thdnh cdc sdn phdm khdc nhau dd 
dugc phdn tich vd ly gidi ddy du. Thdng qua be mat 
thi ndng ta nhdn thay dudng phdn Orng tgo sdn phdm 
Pl (H2 + HC(6)OH) Id khd xay ra (do hang rdo ndng 
lugng qud cao). Cdc dudng phan irng tgo 7 sdn phdm 
con Igi diu cd khd ndng xdy ra bdi vi tdt cd cdc ndng 
lugng tuomg quan tuong ung deu nhd thua khdng vd 
chiing ta cd thi kit ludn hudng tgo thdnh sdn phdm 
(H20+H2C=0) Id thuan lgi nhat vl mat ndng lugng. 

Trdn trgng cdm an Nafosted Viet Nam tdi trg cho 
cdng trinh ndy thdng qua de tdi, md sd 
104.03.2010.29. 
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