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NGHIEN CUU LY THUYET CAU TRUC VA KHA NANG PHAN UNG THE HALOGEN
CUA MOT SO ANKAN THUQC CHUONG TRINH HOA HQC PHO THONG BANG
PHUONG PHAP HOA HQC TINH TOAN

Lé Khic Phwong Chi %, Vi Hiru Viét!, Thach Nam M§?

Truong Dai hoc Tay Bdc, 2Truong Dai hoc su pham Ha Ngi

Tom tat: Cau tric cia mét sé ankan (metan, etan, propan, n-butan, iso-butan) dwoc ching toi
nghién ciu bang phwong phdp phiém ham mdt @6 (DFT) B3LYP Véi b ham co sé 6-311++G(d,p).
Tir d6, chiing t6i da thu dwoc két qua vé dé dai lién két, goc lién két va momen heéng cuc; tinh diroc
AH (hiéu ung nhigt) cua teeng phan wng giira ankan (CHa, C2Hs, CsHs, CsHs) vai halogen; tinh Ea
(nang lwong hoat héa) cua trng phan ing giira ankan (CH4, C2He, C3Hs, CsHs) vdi Clz, va rit ra
duwoc dwoc quy ludt thé halogen vao ankan. Mgt sé két qua nghiém ciru dé dieoc so sanh véi sé liéu
thirc nghiém cho thdy su phi hop tét.

Tir khéa: Etan, metan, propan, n-butan, iso-butan, phwrong phdp phiém ham mdt dg (DFT).

I. PAT VAN BE bang ning luong hoat ho& hay hiéu tng nhiét

Trong chuong trinh gido duc phé thong cua phan ung. Ankan dugc coi la hidrocacbon
hién hanh (16/2006/QD-BGDDT), hoc sinh

hoc mén hda hoc 9, 11 dugc hoc vé mét loai

no quan trong nhat cé nhiéu ung dung. Ngoai
ra san thé cua ankan (dan xuat halogen) c6
hidrocachon no 1a  ankan. Ankan 1A nhiéu ting dung quan trong trong doi song nhu:

hidrocacbon no (hay hidrocacbon no bao hoa lam chat gay t, lam dung mdi, diéu che cac

tudn hoan), khi & didu kién thuong kho tham chat sinh han,... Mgt so ankan co tam quan

gia phan ung véi axit, kiém, cac chat oxi hoa trong va c6 nhicu tng dyng trong hoa hoc hisu

va phan tng cong. Nhung khi c6 anh sang co nhw metan (CHa), etan (CzHs), propan

(CsHs), butan (c6 2 ddng phan cau tao 1 n-
butan, iso-butan) [1].

chiéu vao hodc dun néng ankan tham gia phan

ung thé voi halogen. Ngoai ra ankan con tham
gia phan ung tach voi diéu kién nhiét do, ap Tuy nhién, khai niém trim twong cia I
sUAt, xdt tac thich hop va tham gia phan tng thuyét vé cau tao chat, cac qui luat the H cua

chéy. Trong phan tir ankan, tinh chat héa hoc ankan, hoc sinh phai hoc mgt cach cudng ép,

dic trung cua né 1a phan ung thé véi halogen cong nhan. Vi vay VI¢e sir dyng cac phuong

(X: F, CI", Br, I'), thuong téc o va kha ning phap tinh toan hoa luong tir dé khao sat, kiém

chting mot cach dinh luong vé d6 bén, ciu trac
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thé cua ankan véi halogen thuong dugc do



phan tir, do dai lién két, kha nang phan ing cuia
cac hop chét hiru co nay 1a rat can thiét trong
viéc day va hoc hoa hoc & truong pho théng.

Il. PHUONG PHAP NGHIEN CUU

Tat ca cac tinh toan dwoc thyuc hién bang
phan mém Gaussian 09 [2], véi su hd tro cua
mot s6 phan mém nhu GaussView 5.0,
Chemcraft, ... Khao sat, t6i wu hoa cau trlc
bang phwong phap B3LYP/6-311"*G(d,p) thu
duoc két qua vé do dai lién két, goc lién két va
momen ludng cuc.

Chuing toi ciing tién hanh téi vu hoa tt ca
cac cht tham gia phan tng, cac san pham duy
kién, tir d6 danh gia so bd vé do bén cua trang
thai ban dau ciing nhu hé san pham. Tur d6 tinh
duoc AH (hiéu trng nhiét) cua tung phan tng
gitra ankan (CHa, Cz2Hs, CsHs, CaHs) voi

halogen. Tiép theo chiing t6i khao sat cac chét
trung gian (IS) va cac trang thai chuyén tiép
(TS) ciing bang phuong phap trén dé thu duoc
cac két qua chinh xac hon vé cac thdng sé cac
gié tri nang lugng. T d6 tinh Ea (ndang lugng
hoat h6a) cua tirng phan tng gitra ankan (CHa,
C2Hs, C3Hs, CaHs) v&i Clo. Mot sb két qua
tinh toan cua ching t6i duoc so sanh vai két
qua thuc nghiém cho su pht hop tét.

I1l. KET QUA NGHIEN CUU

- Khao sat phwong phap va bo ham

Céc két qua tinh toan véi phuong phap
B3LYP/6-311++G(d,p) cho cac hop chét
metan, etan, propan, butan cho két qua pht hop
so véi thuc nghiém, sai s6 bé, ching té phuong
phap va bo ham duoc lya chon hoan toan phu

hop va c6 do tin cay cao.

Bdng 1: P¢ dai lién két, goc lién két va momen heong cuc cia metan.

? C-H (A) | H-C-HO) M
- Tinh toan 1,001 109,5 0,000
& @ Thuc nghiém 1087 | 1095 | 0,000
\
@ Sai s6 so véi thuc nghiém 0,36% 0,00% 0,00%

Bdng 2: B¢ dai lién két, géc lién két va momen heéng cuc cua etan.

CH |cc(®] HCH [HCcc | u
0 (©) (©)
% , (A)
" a,ﬁv Tinhtoan | 1,094 | 1,531 | 107,5 | 111,4 | 0,000
: C = Thuc 1101 | 1,536 | 109,5 | 109,6 | 0,000
@/ 111.36 n
& nghiém
Sai 6 50 VOi
1 0,63% | 0,32% | 1,82% | 1,64% | 0%
thuc nghiém

Bdng 3: D¢ dai lién két, géc lién két va momen heéng cuc ciia propan.

18



C-H C-C(° | H-C-H | H-C-C VI
0 (°) (°)
(A)
Q& Tinh 1,094 | 1,532 | 107,8 | 111,1 | 0,089
“.\1_094 1532 g 1532 /@ toan
% “(_: i Th.l_]iC 1,107 | 1,541 | 107 112 -
é 111.09 h ngh|¢m
Sai s6 )
SO VG | 1,17% | 0,58% | 0,74% | 0,80%
thuc
nghiém

Bdng 4: D¢ dai lién két, goc lién két va momen heéng cuc cua n-butan.

C-H C1- C2- H-C- H-C-C | u
('g\) C2 C3 H Cc(9
0 0 C(O)
(A) | (A)
% ® & # Tinh 1,095 | 1,531 1,533 |107,6 | 111,0 | 0,000
1.09! 4 7
¢ 1.531 v C 107.64 toan
“/ Ct 11113‘ \“ Thuc 1,117 | 1,531 - - 110,0 | 0,000
" nghiém
Sai sb
S;)hvé'i 1,97% | 0% - - 091% | 0%
uc
nghiém

Bdang 5: B¢ dai lién két, géc lién két va momen heéng cuc cua iso-butan.

@‘ C-H C1- C2- H-C- | H-C- |
7% 0
* 11146 ! (A) |2 | |H C
1.094 { X «% 0 0 C (0) C (0)
\ -
C 7‘”& ~1.535 H (A) | (A)
@(@ S s Y Tinh | 1,094 | 1,535 | 1,535 | 107,7 | 111,4 | 0,136
toan
“(\A\‘ ThlIC
107.67 @) nghiem
Phan #ng thé caa ankan véi halogen (X: Fa, Nang luong hoat hoa hay hiéu ung nhiét cua
Cly, Bry). phan tng giai thich quy luat thé, so sanh kha
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ning tham gia phan Gng thé cua metan, etan,
propan, butan (n-butan, isobutan) véi halogen
(X: F2, Clz, Brz).
Vé mit hiéu &ng nhiét caa phan @ng
- Phuong trinh téng quét

CnoHaniz + X2 — 5 CoH2ne1X + HX
AH %m0y = S AH@anphim) - Y AH(cac chét tham gia

phan ung)

Phwong trinh phan ung:

CHs + X2 —* 5 CHsX + HX
CoHs + X2 —2% 5 CiHsX + HX

CsHs vai halogen
Thé & C bac I: CHsCH2CHs + Xp — K
CH3CH2CH2X + HX

Thé & C bac Il: CHsCH2CHsz + X —
CH3CHXCHs + HX

n- butan vai halogen

Thé & C bac I: CH3[CH2]2CHs + X2 —2
CH3[CH2]2CH2X + HX

Thé & C bac 1l: CH3[CH2]2CHs + Xz —*
CH3CH2CHXCHs + HX

iso-butan vadi halogen

Thé ¢ C bac I: CHsCH(CHs)CHs + Xo —2
CH3CH(CH3)CH2X + HX

Thé & C bac II:CHsCH(CHs)CHs + X
—=_5 CH3CX(CHs)CHs + HX

Bdang 6. Hiéu ing nhiét (AH) cua phan izng metan, etan, propan, butan vai halogen.

AHp.v (F) AH,. (Cl) AH,. (Br)
metan -104,49 -31,01 -6,84
etan -111,09 -35,50 -10,77
C1 -110,90 -35,63 -10,88
Propan

C2 -115,82 -38,27 -13,01
C1 -110,82 -35,61 -10,88

n-butan
C2 -115,78 -38,17 -12,82

butan

C1 -111,00 -35,40 -10,52

Isobutan
C2 -118,84 -39,49 -13,71

Nhén xét: so phan &ng vai Brz. Didu nay giai thich tai sao

- Phan tng thé H cua ankan véi F2 xay ra manh
liét hon so véi thé Clz, con phan @ng thé H cua
ankan véi Clz manh hon so phan tng thé H cua
ankan vai Brz. Do hiéu tng nhiét cua phan tng
thé voi F2 toa ra rat 16n so phan tng véi Cla,

con hiéu ung nhiét phan ung véi Clz2 I16n hon
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cac vi du trong sach gido khoa ¢ phd thong
khéng lay vi du phan ng véi F2 hoic Br ma
lai 14y vi du minh hoa phan tng véi Clo. Qua
qua trinh tinh toén ta thiy néu cho ankan thuc
hién phan tng thé véi Fa, thi hiéu tng nhiét cua

phan g nay toa ra rat I6n, nhiét sinh ra s& pha




hay chat phan @ng. Piéu ndy hoan toan phu
hop véi két qua thi nghiém thuc té. Con dbi véi
Brz kha ning xay ra phan ung thé cham hon.

- Trudng hop thé & C bac cao va bac thap: Khi
thuc hién phan tng thé H & C bac cao cua
ankan véi halogen, thi kha nang xay ra phan
tng manh hon so véi kha ning phan ¢ng thé H
& C bac thap cua ankan. Vi phan tng thé H ¢
C bac cao c0 hiéu tng nhiét toa ra cao so voi
phan &g thé H ¢ C bac thap.

Nhu véy, két qua tinh toan hoan toan pha hop
Vv6i quy tac thé halogen vao ankan dugc trinh

bay trong sach giao khoa hoa hoc 16p 11.

Vé mat déng hoc ctia phan trng

Khi thyc hién phan (ng thé cda metan, etan,

propan, butan (n-butan, isobutan) vai Clo:

Phuong trinh tong quéat

CiHone2 + X2 —2 5 CyHana1X + HX

AH(p.G) = Y AHinphim) - Y AH(cac chit

tham gia phan tng)

CnHan2 + CI° CnH2ne1 + HCIL
Ea=TS(CaH 2n+1 + HCI)— (ECaH2n+2 + ECIY)

askt

—

Bang 7: Hiéu vng nhiét (AH) va nang luong hoat hoa (Ea) cua ankan

(metan, etan, propan, n-butan, isobutan) voi Cla.

7 AH Ea
Phan tng San pham
(kcal/mol) (kcal/mol)
CHs + Cl2 CHsCl + HCI -31,01 31,57
CoHs + Cl2 C2HsCl + HCI -35,50 25,43
CH3CH2CH2CI + HCI -35,63 25,84
CsHs + Cl2
CH3CHCICHs + HCI -38,27 20,77
CH3CH2CH2CH2CI + HCI -35,61 25,56
CH3CH2CHCICH2  + HCI -38,17 20,81
CsHwo + Cl2
CHzs-CH(CHs3)-CH2CI + HCI -35,40 25,94
CHs-CCI(CH3)CHs + HCI -39,49 20,82
Nhdn xét (6 Cbac 1) < CaHs < is0- C4H1o (6 C bac 1) <

Dua vao dong hoc (nang lugng hoat héa) phan
ung nao c6 nang luong hoat hda cang nho thi
cang dé xay ra va nguoc lai.

- Khi hé s C tang dan ta thay kha ning xay
phan ng thé duoc xép nhu sau: CHs < iso-
CsH1o (6 C bac 1) < CsHs (C bac 1) < n- C4Hio
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n- CsH1o0 (6 C bac I1) < CsHs (C bac II).

- Khi thé vao C bac thap hoic bac cao, thi kha
nang xay phan tng thé: Theo bang sé liéu nang
luong hoat héa tinh toan tim dugc & trén ta
thdy kha niang phan ung thé cua thé H cua
propan, n-butan va iso-butan véi clo, néu thé &
C bac cao phan tng xay ra nhanh va manh hon



thé & C bac thap. Vi ning lugng hoat héa cua
phan tng thé & C bac cao ludn nho hon ning
lwong hoat héa caa phan ang thé & C bac thap.
Nhu vay, du & phuong dién vé nhiét dong hay
dong héa hoc phan tng thé H bing halogen
cua C bac cao trong ankan xay ra nhanh va
manh hon thé & C bac thip. M6t 1an nita cho
thiy sy dung dan cua quy tic thé halogen vao
ankan dugc trinh bay trong sach giao khoa héa
hoc phé thdng.

KET LUAN

1. Ba chon dugc phuong phap va bo ham co s¢
thich hop cho hé chat nghién cau

2. Két qua tinh toan ciia chung t6i dugc so sanh
vé6i thue nghiém va cho sy phi hop tét. Sai s6
I6n nhat so véi thuc nghiém 1a 1,97%.

3. Kha ning tham gia phan ung thé halogen
vao ankan nghién ctu tuan theo quy luat thé
duoc trinh bay trong sach giao khoa hoa hoc
pho thong.
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A THEORETICAL STUDY OF THE STRUCTURES AND REACTIVITY OF
SOME ALKANES BY METHOD CHEMICAL CALCULATION

Le Khac Phuong Chi!, Vi Huu Viet!, Thach Nam My?

Tay Bac University, 2Hanoi National University of Education

Abstract: In this study, the structures of some alkanes (methane, ethane, propane, n-butane,

iso-butane) have been investigated using the density functional theory (DFT) with the generalized

gradient approximation at B3LYP level and the 6-311++G(d,p) basis set. Data collected revealed

the bond length, bond angle and dipole moment, calculate AH (thermal effect) of each reaction
between alkane (CH4, C2H6, C3HS, C4HS) with halogen; Ea (activation energy) of each reaction
between alkane (CH4, C2H6, C3HS, C4HS8) with CI2. The rule of halogen substitution into alkane

was also generalized. The findings showed a number of similarities with earlier studies.

Keywords: ethane, methane, propane, n-butane, iso-butane, density functional method (DFT).
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