KHAO SAT MOT SO KHA NANG XAY RA PHAN UNG CUA HE
C,H, + 0 BANG PHUONG PHAP HOA HOC LUONG TU

Nguyén Hiru Tho, Tran Thanh Hué
Khod Hod hoc, truong DHSP Ha néi

It was obtained : HF energies, zero-point energies, total energies, energies of some
points on each reaction path,...; distances of some atom pairs, bonding angles of some
atom groups by using DFT/B3LYP with basic set of functions 6-311++G**. According to
these data, three reaction paths were constructed. The above results have confirmed the

reasonableness of our opinion on the formation of CO from C,H,+ O as follows:
C,H, -»TS1 - H,CC:
H,CC: + O - H,CCO —» TS2 — CH, +CO
CH, + O - H,CO - TS3 —» H, + CO

MO PAU

Di sau vao khao sit co ché cua cic phan tng hoa hoc l1a diéu rit quan trong. gidp
ta ¢c6 nhiing tic dong thich hgp nhim diéu chinh huéng, ham lugng san pham nhu
mong muén. Hién nay con duong phan tng cua nhing hydrocacbon cé khéi luong
phan i thdp tao thanh CO vin chua dugc hiéu ro rang[1). Bing con duong thuc
nghiém mot s6 tac gia da xac dinh duge, véi hé nhién liéu C,H, + O trong qua trinh
phan ting sé tao ra CH,, CO....Tuy nhién ho chua dua ra dugc mot so dé co ché ddy
di cho su tao thanh cdc chat do. Trong bai bdo nay .ching tdi trinh bay cic két qua
nghién ctru vé mot s6 kha nang xay ra phan vng cia hé nhién liéu trén bang cich si
dung phuong phap DFT/B3LYP v6i bo ham co sd l1a 6-311++G** trong phin mém

Gaussian 98.
KET QUA VA THAO LUAN
- Qua trinh 1 (isomer hod): C,H,—»TS1—->H,CC: (Vinylidene)

H.; H.‘
H—G=C—H, — \Cl i Lo >C3_'C3:
\‘\ "/ H|
H,
HF ZPE Nang luong < 250
(Hartree) (Hartree) toan phin £ 8
(Hartree) =
CH, -77.3567 0.0255 -77.3312 g 150
TSI -77.2809 0.0210 -77.2599 E 100
H,CC: -77.2879 0.0235 -77.2643 F v
E,, : 0.0713 Hartrees ( 187.195 kJ/mol) %
E,,: 0.0044 Hartrees ( 11.552 kJ/mol) € O $ s

CH, >H,CC: AH,= 175.643 (kJ/mol)  pinp 1. Putmg phin img qué trink 1
Két qua tinh IRC duoc thong ké o bang 1.

-Qui trinh 2: H,CC: +O—H,CCO (Keten)— TS2— CH, +CO
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HF ZPE  Nang lugng toan ot TR
phén (Hartree)
H,CC:. 77.2879 0.0235 -77.2643
0] -75.0899 -75.0899
H,CC:+0 -152.3542
H,CCO -152.6516 0.0315 -152.6200
TS2 -152.5142 0.0239 -152.4903
CH, -39.1661  0.0171 -39.1490

£ Exn

CH2+ CO

Relative Energy (kJ/mol)

CO -113.3491 0.0050 -113.3440 {2 Sl

CH, +CO -152.4930 -R00 ik

E,,: 0.1297 Hartree ( 340.52 kJ/mol)

E,,: 0.0027 Hartree (  7.09 kJ/mol) Hinh 2. Dudng phan ting qua trinh 2

Két qua tinh IRC qua trinh nay dugc thong ké & bang 2.
H,CC: +O - CH, +CO  AH,=-364.414 (kJ/mol)

Két hgp ca qua trinh 1 va 2
CH, + O - CH, +CO AH,,= -188.770 (kJ/mol)
-Quad trinh 3: CH, + O — H,CO (formaldehyde)—»>TS3— H, + CO

H4\ Ha
CHa ¥ D e Laba = Que - et
Ha/ H3/
— H, + CO
HF ZPE Nang luong toan phan (Hartree)
CH, + O -114.2389 s
H,CO -114.5418  0.0265 -114.5153 S 0
TS3 -114.4065 0.0185 -114.3879 E
H, -1.1796 0.0101  -1.1695 2 200
H, +CO 1145135 |B -
E.: 0.1274 Hartree ( 334.48 kJ/mol) F A ;
E.,: 0.1256 Hartree ( 329.76 kJ/mol) £ 600 Ea \Exz
CH, + O -H, +CO AH;=-720.951 (kJ/mol) ;ﬁ 200 \ H2+ CO
& -800
Két qua tinh IRC qua trinh nay dugc thong ké ¢
bang 3. Hinh 3. Duomg phan {mg qua trinh 3
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Bang1 : Bién thién gia tri thé ning (Hartree), khoang cach (A) géc ( ') ghh cac nguyeén titai

mét s diém doc theo IRC & qua trinh 1 D
D";'.;‘g“ Gidtrithé |, oo g1-c3| c2-c3| He-C2 Imcscz HIC2H4 | HIC3H4 | C3C2H4
nang
1 -77.2875 | 1.5952|1.1448 | 1.2413| 1.0708 |83.8067 | 1353318 | 84.1998 | 179.1514
2 -77.2854 |1.5580|1.1541|1.2428| 1.0712 |80.9876 | 133.8747 | 81.4045 | 179.0993
3 2772838 |1.5205|1.1645|1.2443| 1.0714 |78.1994 | 132.4326 | 78.6609 | 179.0024
4 772824 |1.4827[1.1759|1.2458| 1.0711 |75.4454 | 131.0688 | 75.9957 | 178.7912
5 2772816 |1.4452|1.1887|1.2474] 1.0718 |72.7289 | 129.5967 | 76.7191 | 178.6425
6 772811 |1.4075]1.2024|1.2487] 1.0720 |70.0619 | 128.1086 | 78.6924 | 178.4667
TS1) | -77.2809 |1.3678|1.2193]1.2503| 1.0721 |67.2498 | 126.6084 | 80.6662 | 178.0997
8 2772810 [1.3308]1.2382(1.2520| 1.0721 |64.6053 | 125.1946 | 82.4072 | 177.6208
9 772813 [1.2970]1.2593(1.2538 | 1.0720 [62.1416 | 123.8884 | 83.8800 | 176.9749
10 772817 |1.2660|1.2837]1.2556| 1.0719 [61.1990 | 122.6901 | 85.0589 | 176.1109
I 772821 [1.2393[1.3122]1.2576| 1.0719 [63.3987 | 121.7101 | 85.8135 | 174.8912
12 772824 |1.2176]1.3420]1.2596 | 1.0719 [65.5775 | 121.0739 | 86.1227 | 173.3486
13 772826 |1.2007|1.3738|1.2615| 1.0720 [67.7752 | 120.7821 | 85.9824 | 171.4427

Bang 2: Bién thién gia tri thé nang (Hanree). khoang céch (A), géc ( °) gilra cac nguyén tu
tai mét sé diém doc theo IRC & qua trinh 2

Diem | Gid rithe | .\ o | g3 | c1-c4| €4-05 | m2cin3 | m2cica | m3cica | cicaos
doc IRC nang

1(TS2) [ -152.51416 | 1.0796 | 1.0811 [ 2.4870 | 1.1327 | 134.0879 | 110.7499 | 115.1622 | 114.2192

2 -152.51433 | 1.0795 | 1.0807 | 2.6284 | 1.1309 | 134.7735 | 109.6879 | 115.5386 | 111.5899
3 -152.51441 | 1.0796 | 1.0806 | 2.6671 | 1.1306 | 134.9142 | 109.3079 | 115.7779 | 110.9217
4 -152.51449 | 1.0795 | 1.0805 | 2.7035 | 1.1300 | 135.0038 | 108.9657 | 116.0306 | 110.3427

1

1

|

1
5 -152.51457 | 1.0798 | 1.0805 | 2.7399 | 1.1298 | 135.1190 | 108.5959 | 116.2852 | 109.7615
6 -152.51465 | 1.0796 | 1.0805 | 2.7768 | 1.1297 | 135.1938 | 108.1678 | 116.6384 | 109.1935
¥ -152.51473 | 1.0795 [ 1.0804 | 2.8154 | 1.1294 | 135.2607 | 107.7131 | 117.0262 | 108.6313
8 -152.51479 | 1.0796 | 1.0806 [ 2.8444 | 1.1293 | 135.2988 | 107.3964 | 117.3047 | 108.2292
9 -152.51485 | 1.0795 | 1.0797 [ 2.8760 | 1.1292 | 135.3602 | 106.9646 | 117.6751 | 107.8053
10 -152.51491 | 1.0796 | 1.0806 | 2.9039 | 1.1291 | 135.3660 | 106.5807 | 118.0533 | 107.4489
11 -152.51498 | 1.0795 | 1.0798 [ 2.9467 | 1.1289 | 135.4023 | 105.9214 | 118.6763 | 106.9624

Bang 3: Bién thién gia tri thé néng (Hartree), khoang cach (A), géc ( °) giira cac nguyén tur
tai mét s6 diém doc theo IRC & qua trinh 3

Piém doc | Gia tri thé

¢ ~ s ‘ ' L ~ ~
IRC ning 01-C2 | C2-H3 | C2-H4 | H3-H4 |O1C2H3| O1C2H4 | O1H3H4 | C2H3H4

A712 | 1.0663 | 1.5416 | 1.5283 |178.3883| 112.6056 | 71.1924 | 70.3488
1694 | 1.0666 | 1.5675 | 1.4964 |178.6328| 112.5455 | 72.5393 | 73.2543
1676 | 1.0683 | 1.5923 | 1.4627 [175.6336| 112.5185 | 73.9350 | 76.2048
-114.4125 | 1.1659 | 1.0717 | 1.6159 | 1.4269 (172.6596| 112.5030 | 75.3693 | 79.1943
-114.4092 | 1.1640 | 1.0769 | 1.6383 | 1.3894 |169.6760| 112.5127 | 76.8420 | 82.2053

1 -114.4289 | 1
1
1
1
l

6 -114.4072 | 1.1622 | 1.0841 | 1.6595 | 1.3499 [166.7130| 112.5574 | 78.3506 | 85.2262
1
|
1
1
I

-114.4225
-114.4169

h B L)oo

7(TS3) | -114.4065 | 1.1603 | 1.0940 | 1.6803 | 1.3067 {163.6454| 112.6288 | 79.9610 | 88.3803
[ | 8 -114.4072 | 1.1585 | 1.1062 | 1.6998 | 1.2618 |160.6252| 112.7224 | 81.5993 | 91.5123
| 9 -114.4092 | 11567 | 1.1206 | 1.7172 | 1.2172 [157.8105| 112.8463 | 83.1754 | 94.4484
|10 | -114.4125 | 11548 | 11378 | 1.7334 | 11711 [155.0793| 113.0024 | 84.7456 | 97.2999
Y 114.4169 | 1IS31 | 11573 | 11748 | 1.1237 | 152.4441 | 113.1813 | 86.3125 | 100.0645
|12 | -114.4224 | 11512 | 11798 | 17625 | 1.0754 |149.9162| 113.3853 | 87.8448 | 102.6978
l |13 | -114.4288 | 1.1493 | 1.2051 | 1.7762 | 1.0266 |147.4953| 113.5938 | 89.3416 | 105.1980
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| Béng 4: Do dai lién két (A), géc lién két (°)cia mét
s& chat tinh theo B3LYP/6-311++G** va thyc nghiém

Chat Tinh duge | Thuc ngiém
1.Acetilene
C-H 1.063 1.061
C-C 1.199 1.203
2.Cacben
C-H 1.079 1.078
Z HCH 135.36 136.0
3.Formaldehyde
C-0 1.202 1.208
C-H 1.108 1.116
Z HCH 115.984 116.5
4 Hydrogen H,
H-H 0.744 0.741
5.CarbonOxide
C-0 1.128 1.128
6.Vinylidene
C-H 1.089
cC 1.295
Z HCH 118.819
Z HCC 120.550
7.Keten
C-H 1.080
C-C 1.311
C-0 1.161
£ HCH 120.713
Z HCC 119.643

O diéu kién thich hop keten c6 thé thuc hién phan ng tich tao thanh CH,+CO
[5]. acetilene c6 thé thuc hién qué trinh isomer hod tao vinylidene [2, 4]. Cacben
duoc tao thanh 1a mot géce tu do ¢6 kha néng phén tng cao vi dé dang két hop véi oxi
nguyén tir tao formaldehyde, n6 c6 thé tich tao thanh CO +H, [3, 4]. Qua nhiing phan
tich trén cling vdéi viéc nghién citu cdu tric cha cdc chat c6 trong hé nhién lieu C,H, +
@, chiing 16i di dén gia thiét rang, & hé trén xdy ra cdc qua trinh 1,23 nhu trén. )

- Xét qud trinh 1:

Tir bang 1 ta thay, doc theo IRC, khoang cich HI1-C2 giam dén tir 1.595 A (diém
1) xuéng 1.368 A (TS1) va con lai 1.201 A (diém 13). Song song véi qud trinh d6
khoang cdch H1-C3 tang dén, tir 1.145 A (di€m 1) Ién 1.219 A (TSI) va dat dén 1.374
A (diém 13). Khoang -ich cdc lién két H1-C2, H4-C2 c6 xu hudng tién lai gin bang
nhau phi hop v6i dé dai céc lién két C-H ¢ vinylidene. Khoang céch
C2-C3 tang din. Vé thé nang cha hé, ro rang doc theo IRC gia tri nay tang tir -
77.2875(diém1), cuc dai 1a -77.2809 (TSI1) va giam dan xudng trén duong hinh thanh
san phdm, -77.286 (diém 13), - 77.2879 (gdc vinylidene). Dudng phéan tng & hinh 1
cho thdy E;, < E,; , AH,= 175.643 (kJ/mol) nén qud trinh 1 thu nhiét. Hang rdo nang
luong clia qud trinh nay 12 E,, = 187.195 kJ/mol.

Cic thay déi d6 phd hop véi sur dich chuyén ctia nguyén tir HI tién lai gin nguyén
tir C2 hon dé tao thanh vinylidene. ;

- Xétqua trinh 2 :
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Bang 2 cho ching ta biét , khi keten thuc hién qué trinh tich cac do dai lién két C-
H thay déi it, khoang cdch C1-C4 thay d6i manh, tir 2.487 A (TS2) lén 2.947 A (diém
11), géc H2C2H3 dugc mé rong din. Néu nhu d keten géc HCH 1a 120.713° thi 6 TS2
la 134.088" va dén diém 11 dat duoc 135.402", c6 nghia la rét gin v6i géc HCH &
cacben (135.36"). Doc theo IRC tir diém 1 (TS2) dén diém 11, thé nang giam dan, tir -
152.51416 con - 152.51498. Qua duong phan (ng & hinh 2, ching ta nhin thiy nang
luong toan phan cta hé giam dén tir H,CC : +O (-152.3542) dén
CH, + CO (-152.4300), AH,= -364.414 (kJ/mol), day la qua trinh toa nhiét .

Hang rao nang lugng & qua trinh 2 1a E;;=340.52 (kJmol).

Néu xét qud trinh tir C,H, + O déan dén hinh thanh san phdm CH, +CO thi AH,,=
-188.770 (kJ/mol), day ciing 1a qua trinh toa nhiét.

-Xét qua trinh 3 :

Qua bang 3 ta ¢6 nhan xét. doc theo IRC tir diém | dén diém 13, khoang cich
C2-H4, C2-H3 ngay cang tang dan, twong tng l1a 1.542 A, 1.066 A (diém 1) lén 1.680
A. 1.094 A (TS3) va dat 1.776 A , 1.205 A (diém 13), trong khi d6 khoang cich H3-H4
ngan dan tir 1.528 A con lai 1.027 A (diém 13). Géc C2H3H4 ngdy cang tang, tir
70.3488" (diém 1) lén 105.198" (diém 13). Trén dudng hinh thanh TS3 thé nang cua
hé tang dan tir -114.4289 (diém1) lén -114.4065 (TS3), dé hinh thanh san phdm thé
nang cta hé lai giam con -114.4288 (diém 13), - 114.5135 (san pham H2+CO). Tir dudng
phan ting ¢ hinh 3 ta ¢6 nhan xét, qua trinh tir CH, + O —H, +CO nang lugng toan phin
cta he giam, AH= -720.951 kJ/mol (Gid tri nay o tai liéu [1] 1a -178 kcal/mol. xap xi
-744 kJ/mol). qua trinh nay ciing toa nhiét .Tat ca nhitng diéu nay déu thuan lgi cho
sur tao thanh H, + CO.

Hang rao nang luong ¢ qua trinh nay 1a E4,= 334.48 (kJ/mol).

Céc tinh todn. phén tich & trén cho thay gia thiét hé phan @ng qua cic qua trinh 1.2.3
ban dau la hop Iy.

KET LUAN

Tinh duoc mot sO gid tri vé hinh hoc phan tir cta cic chét, nang lugng clia cic qud
trinh xay ra trong hé trén. Tu d6 nhan thady duong phan @ng cua hé nhién li¢u C,H, +O
d¢ dan dén san pham CO duge du dodn qua cic qud trinh 1,2,3 ¢6 thé hop ly.

Cong trinh nay ducc sw ho tro ciia Hoi dong khoa hoc tie nhién Quéc gia qua dé tai
co bdan edp Nha mieie ma s6'561901.
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