Tap chi KHOA HOC BHSP TPHCM Lé Vin Dang

GIAI TOAN HOA HU'U CO BANG PHUONG PHAP TRUNG BiNH
LE VAN DANG"

TOM TAT
Giai todan Hoa hitu co bang phwong phap trung blnh la phuwong phdp chuyén hon
hop nhiéu gid tri vé mét gid tri twong duong, nhiéu chat vé mot chat tirong duong Phuong
phap nay hién nay dwoc sir dung phé bién trong giding day Cua gido vién va hoc tdp cua
hoc sinh déi véi bé mon Hoa hoc ¢ bdc dai hoc va bdc phé théng.

Tar khoa: giai toan Hoa hitu co, phuong phap trung binh.
ABSTRACT
Utilizing the mean method to solve an organic Chemistry problem

Utilizing the mean method to solve an organic Chemistry problem is the method of
considering multiple values as one with equivalent value and multiple substances as one
substance with equivalent properties. This method is now widely used by teachers and
students of Chemistry in both universities and high schools.

Keywords: solve organic chemistry problem, mean method.

1. Mé diu
Giai toan Hoa hiru co bang phuong phap trung binh la phuong phép chuyén hén
hop nhicu gia tri vé mdt gia tri trong dwong, nhicu chat vé mdt chat tuong duwong.

Uu diém co ban cua phuong phap nay la phat trién tu duy logic cua hoc sinh ¢
mirc d6 cao, d0i hoi hoc sinh phai nim viing phwong phap nay nham phat huy tri lyc
cua ban than minh.

Uu diém tiép theo cta phwong phap giai toan Hoa bang phuong phap trung binh
la nhanh, gon, logic chit chg, ¢6 tinh thuyét phuc cao va tiét kiém thoi gian.

Khi giai mot bai todn Hoa bang phuong phap trung binh thuong cé thé theo trinh
tu 3 budc :

Buoc 1.
- Pt cdng thic phan tir cho cac hop chét hitu co can tim;
- Dit an cho mdi hop chét hitu co;
- Pit cdng thic phan tir trung binh chung cho cac hop chét hiru co.
Buoc 2.
- Viét va can bang phuong trinh phan ing theo cong thtrc phan tir trung binh;

- Duya vao cac dir ki¢n dé bai dé lap va giai hé phuong trinh (néu s phwong trinh
khong du dé giai phai bién luan), tir do tinh cac gia tri trung binh;

" ThS, Trwong Dai hoc Sw pham TPHCM
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- Duavao gia tri trung binh dé bién luén suy ra cong thue phan tu cac hop chat hitu
co can tim ciing nhu dap tng nhitng yéu cau khéc cua bai toan.

Buoc 3.

X Ii két quia cua bai toan nhu viét cong thirc cau tao, tinh phan tram s6 mol, tinh
phan tram khoi lugng cac chat hiru co da tim duorc, ...
2. Co sé li thuyét cia phwong phap giai toan Hoa bing phwong phap trung
binh
2.1. Diéu ki¢n ciia bai toan khi gidi bang phwong phdp trung binh

Mot hSI} hop gém nhiéu chét ciing tac dung vGi mot chat khac, thi c6 thé thay thé

hon hgp d6 bang mot cong thire trung binh véi cac dicu kién:

- Céc phan wng phai xay ra ciing loai va cing hiéu sut.

- S6 mol, thé tich hay khbi Iwong cua chat trung binh phai bang sé mol, thé tich hay
khéi lwong caa hon hop.

- Céc két qua phan &ng cua chat trung binh phai y hét nhu két qua phan ung cua
toan hon hop.

Cong thirc chung cho toan hdn hop 1a cong thire trung binh.

Khéi luong mol phan tir, sé nguyén tir cia cac nguyén té, s nhém chic... thuge
cong thuc trung binh |4 cac gid tri trung binh: M, x, vy, z, n, ...
2.2. Cong thikc khoi lwong mol phén tik trung binh ciia hén hop (M hh)

M hh 12 khéi lwong trung binh ctia mot mol hon hop.

M hh khong phai 13 hing s, ma c6 gia tri phu thude vao thanh phan vé luong céc
chat trong hén hop.

— _ Khoilsonghonhop D2 mj > NnjM;

hh Tong so mol 2N, 2N

Trong do:

e >m= an.Mj = n.M, +n,M, + n,.M, +... lan luot 1a khdi luong cita céc
chat 1,2,3,...; trong d6 M, M, M,, ... lan luot 18 khéi luong mol cta cac chit 1,2, 3,

o an =n,+n,+n, .. lan luwot 1a s6 mol cua cac chit 1, 2, 3, ...
Néu hén hop 12 khi con c6 thé tinh M hh theo cong thirc:

— MV AM VMY, MY, DMLY,

M V,+V, +V, +.. + V, DV,

]

Trong do:
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* > MjV;=V,. M, +V, M, +V, M+ ..+ V.M,
© Y V=V, +V,+V, + ...+ V,lan luot1a thé tich ciia cac chat 1,2,3,...n
Mhh ludn ndm trong khoang khdi lugng mol phan tir cia cic chat thanh phan
nhé nhit va lén nhit : Myin < M hh < Muax
2.3. Céac cong thirc trung binh
2.3.1. Cong thite tinh khoi lwong nguyén tir trung binh ciia nguyén té X
Gia st nguyén té X ¢6 n dong vi:

A A A
1 2
ZX ZX QX
a% a% .. a%
. 1A, A,, ... A, :la so khoi cuaténg fiong vo.
Trongfioq "% 72" onomew-
&, a,, ... a, :la so phan tram cua tdong fiong vi tédng dng.

Tinh khéi lugng nguyén tir trung binh ciia nguyén té X:
A AATRA AN AAFAA, o FapAy 2AA,
a +a,+..+a, 100 Zaj

2.3.2. Cong thite tinh ti khoi hoi ciia cac chdt khi
M {MA - khoi 166ng phan to cua khi A

dp, =—2t fo:
o Mg rong o Mg : khoi 166ng phan t6 cua khi B

dn, = _A Voi MA - khoi 166ng phan t6 trung binh cua hon hop khi A
g Mg Mg : khoi 166ng phan t6 cua khi B
M [ M :khoi l66ng phan to cua khi A
A voi A
B

M, : khoi 166ng phan t6 trung binh cua hon hép khi B

q mA voi MA - khoi 166ng phan t6 trung binh cua hon hép khi A
% - MB MB - khoi 166ng phan t6 trung binh cua hon hop khi B
Vi
- MAl.al+MA2.az+MAa.aa+MA4.:314+....+MAn a, ZMAj-aj
A= =
a +a,+a,+a, +..+a Zaj

Trong d6 Mp . la khéi lrong mol phéan tir ciia mdi chat khi trong hdn hop khi A ¢6 s6
J
mol tuong ung la aj .
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. Mg b, +Mg b, +Mg b +Mp b, +..+Mg b, ZMBj'bj
B b +b,+b,+b, +...+b_ b
Trong d6 Mp. la khéi Iwong mol phén tir ciia mdi chét khi trong hdn hop khi A ¢6 s6
J
mol tuong ung la bj .

2.3.3. Khéi lwong mol trung binh (M), cacbon trung binh (C) va hidro trung binh (H)
+ Biéu thirc tinh khdi lugng mol trung binh (M) (phan tir lugng trung binh)
i XMjNj  Tong khoi I6dng
> N Tong so mol

|\/|1 < M < |\/|2 :;M:M
a(mol) b (mol)

Trong do ‘Ml, M, 1a khdi lugng mql phan tir cua hop chét hﬁ'q co 1 va hop chét
hitu co 2 vai dicu kién M; < M,; a, b 1a s0 mol trong tmg cua hop chat hitu co 1 va 2.
+ Biéu thirc tinh cacbon trung binh (C)
= — an+b.m
n <C< m >C=—"--——
a (mol) b (mol)

Trong d6 n, m 1a sb nguyén tir cacbon ciia hop chét hiru co 1 va hop chit hitu co 2 voi
diéu kién n <m; a, b 1a S6 mol tuong ing cuia hop chat hiru co 1 va 2.

~ n . N A 5 X A ~
C= &} véi np 12 s6 mol caa hdn hop chat hiru co.
nA

+ Biéu thirc tinh hidro trung binh (H)

_ _ / /
W <A< ml lspo2ntbm

T ATy a+b

a (mol) b (mol)

Trong d6 n’, m’ 1a s6 nguyén tir hidro ciia hop chét hitu co 1 va hop chét hitu co 2
vai didu kién o', m’ 12 s6 nguyén chin van’ < m’; a, b 1a s6 mol tuong img cua hop cht
hitu co 1 va 2.

m n - Y A 5 X A ~
H= Z.ﬁ}vdl na la s6 mol cia hdn hop chat hitu co.
nA
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2.4. Cong thirc phan ti téng quat va cong thic phan te trung binh cria cac
hidrocacbon

Céng thirc chung tong quat chung cua hidrocacbon: C,H, vai x, y déu la céc sé
nguyén, duong hay C,Hyn+2 -2« V6 K 12 tong so lién két ©t va vong.

Néu mach hd = k bang tong sé lién két n.

Vay c¢ong thire trung binh véi hdn hop tuong tng: CxHy voi X>1, y>2

Hay: CiH,,,, 5 VOIi T>1 k>0

Truong hop 1: k = 0 = C,H,n, 4 » 12 c6ng thicc chung ddy ddong dang ankan
(parafin). PK :n>1

= cong thac trung binh: CH,y, , ,, NK: >1

Truong hop 2: k =1 = C,H,, 12 cong thirc chung ddy dong dang cua:

- Anken (olefin). PK :n > 2.

= COng thirc trung binh: CyH,y , NK 171 > 2

- Xicloankan. BK: n > 3.

= ¢Ong thic trung binh: CrH,n ,NK i1 >3

Truong hop 3: k = 2 (mach ho)

= CnH2n-2 la cong thiic chung caa ddy dong dang cua:

- Ankadien. BPK:n > 3.

=> cong thuc trung binh: C H,, _,, fiileu kien:n >3

- Ankin. BPK:n > 2.

= c0Ong thuc trung binh: C-H,. _,, fiileu kien:n > 2

Truong hop 4 : k = 4 = C H,,_¢la cdng thirc chung cua :

- D8y dong dang aren (hidrocacbon thom). PK: n > 6.

= Cong thuc trung binh : C H,, _,, fiieu kien:n>6

- Dy dong dang ankadiin. DK :n > 4.

= Cong thuc trung binh:  C,H,, _¢, fiieu kien:n >4

2.5. Cong thirc phin tir tong qudt va cong thitc phén tie trung binh ciia cdc hop
chat hitu co cé6 nhém chirc
2.5.1. Cong thitc phdn tir tong quat va cong thice phdn tir trung binh ciia neou

Cong thirc phan tir tong quét clia ruou:

CnHZn +2-2k —X(OH)X hay R(OH)X

Vi k 12 tong sb ndi  va vong. Néu mach ho = k bang tong sb lién két x.
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Va x 12 s6 nhom chirc ruou = 1< x< n

Hay: CxH,O, v6i z < X

Hoac: CyHy(OH), voiz < X

Vay cong thirc phan tir trung binh véi hon hop ruou tuong tmg:
X<n

(OH), voi NK:in>1
k>0

ﬁ(OH)X » CaHani22kx

Truong hop 1: Rugu no
= CnH2n+2—x(OH)x hay CnH2n+20x’ PK:x<n
= cong thic trung binh:

C,H

51 X
= 3

~ <
2ﬁ+27§(OH)Y hay CaHzn 4 20x . NK:{ S

Truong hgp 2: Rugu don chitc no, mach ho
= C,H,+:0OH hay C,H,,,,0,PK:n>1
=> cbng thuc trung binh: C,H,, ,,OHhay C H,; , ,O, fileu kien:n>1
Trudng hop 3: Ruou chuwa no, mach ho, c6 k lién két 7t va don chirc
= CyHon+1-2«OH hay C\Hzn+2_2kO véi BDK:n>3
=Cong thac trung binh: CH,.,, ,OH hay CH,.  , 0O, fieukien:n>3
Truong hop 4: Ruou no da chure, mach ho
= CpHan+2-x(OH)y, PK:n > x >1
= c0ng thirc trung binh : C;H,, ., < (OH),, fiieu kien:n>X > 2
Mot sb Tuu y
- Trong phan g dt chay rugu don chirc, néu sau khi dbt chay ma
+ Neo, < Ny,o = TUOU don chic no
+ Ngo, = Np,o = rugu don chire khong no, c6 1 lién két m
- Trong phan tng ete héa cta rugu don chirc ta co :

r 1 4
+ S0 mol ete tao thanh = > s6 mol ruou tham gia phan Gng.

+ Hon hop 2 ruou bi ete hoa s& tao ra 3 ete.

- Ruou tham gia phan tmg loai nudc tao olefin = rugu no, don chirc va sé cacbon

- Ruou don chtrc ¢6 1 noi d61 = s6 cacbon > 3.
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- Ruou bi khtr nudc thuong cho mot hdn hgp gdm olefin, ete va ruou du (néu phan
ung xay ra khong hoan toan).
- Néu bai toan cho biét oxi hoa ruou (A) ta thu duoc andehit = (A) 1a ruou béc 1,
con thu dugc xeton = (A) la rugu bac 2.
- Néu oxi hoa ruou bac 1 cho hdn hop gdm andehit, axit cacboxylic va ruou (Phan
ung xay ra khong hoan toan).
2.5.2. Cong thitc tong quat ciia phenol
CiHzn 6 _x(OH), v6il < x < 6van > 6
(nhém —OH gén tryc tiép vao nguyén tir cacbon cta vong benzen)
=> cong thuc trung binh :C,H,; _ s _ < (OH),, fiieu kien: n>6
2.5.3. Cong thic phan ti tong quéat va cdng thic phan ti trung binh cia cdc andehit -
xeton
+ CoOng thirc andehit hay xeton don chirc no mach ho:
Anfiehit:n>1
CnHZn .
Xeton:n>3
= COng thirc phan tir trung binh ciia hon hop andehit hay xeton 1a:
Hon hop anfiehit: n>1
Cﬁ 2n A .=
Hon hop xeton : n >3
+ COng thire phan tu cua andehit mach ho:
CnH2n+2_2k_X(CHO)X, PK:n>0,x>1
Vi k bang téng s6 ndi m, X 1a s6 nhom chirc andehit.
Hay con c6 thé biéu dién: R(CHO),
= COng thuc trung binh:

e nk>0
CaHyp o ok 5 (CH=0),, fiieu kien :{ "

hay: R(CH = 0),

- Andehit no, don chirc (ankanal): C Hy,+CH=0, BK: n>0 hay C,H,0, PK:n> 1.

= Cong thurc trung binh: C;H,, ;CH=0, NK: 7 >0hay C;H,;0, NK:n>1.
- Andehit khong no, don chuc: CH,, 42 CH=0,PK :n > 2

Hay C(HCH=0O ,DK :x > 0;y<2x+1

— Cong thue trung binh: CyH, , , _ , CH =0 hay C;H,CH=0

- Andehit no, da chirc: CyH,, 12 _x(CH=0),, DK : x > 2
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— Cong thire trung binh: C-H,. , , (CH=0),, NK:X>2

+ Xeton no, don chure: CHzp 4+ 1-CO-CHom+1, PK:n2>1, m2>1
2.5.4. Axit cacboxylic va este

Cong thirc phan tir tdng quat va cdng thirc phan tir trung binh cua cac axit
cacboxylic va este.

+ Cong thuce téng quét cua axit va este don churc, no, mach ho:
[Axit:n>1

C,H»,0, trong fio:
n"2n™2 fONg |Este:n>2

= cOng thirc trung binh:

[ Hon hép axit :n >1

CnHop05 trong fio:
nfan’2 HONY | Hon hdp este: 11 > 2

+ Cong thirc tong quat cua axit cacboxylic:
- Axit cacboxylic mach ha: C,H,, 45— 2 - x(COOH), hay R(COOH),
= cbng thire trung binh: CH,,. . , ¢ _ ,(COOH), hay R(COOH),
- Axit cacboxylic no, don churc (ankanoic):
C,H,, +1COOH vé4i n >0, hay: C,Hy,0,, vaim>1
= cbng th1’1c~trung binh: )
C;H,5 ., ,COOH, NK:n>0) hay CLH,;0,, NK:m>1.
- Axit cacboxylic no, da chtrc: CHyp 1+ » _x(COOH),, PK x > 2)
= cOng thuc trung binh: ¢ H,. ., . (COOH),, NK : i >0 Hay R(COOH)x
+ COng thirc tong quét cua este (este hitu co):
- Este don churc, tao boi axit don chirc RCOOH va rugu don chitc R’OH:
RCOOR’ hay C,H,0, (DK : x > 2, y < 2x + 2, y chin)
= c0ng thuc trung binh: RCOOR' hay C;H, 0,
- Este da chuc, tao boi axit da chitc R(COOH)n va rugu don chic R’OH:
R(COOR’),
= cong thdc trung binh : R(CCOOR’),,
- Este da chuc, tao boi axit don chitc RCOOH va rugu da chiac R’(OH)m :
(RCOO),R’
= cong théc trung binh :  (RCOO),, R’

Vay cong thirc este tong quat:
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R : goc axit
R’ : goc rodu

R.. (COO), R’
m( Jnm " :s0 lan axit

m :so lan r66u
= Cong thoc trung binh : Ry (COO) 1 Ry
2.5.5. COng thire phdn tir tong qudt va cdng thizc phan tir trung binh ciia hon hop amin
+ Amin no, mach ho : CyHan 42 - x(NH2)y, hay CiHon + 2 + xNy
= Cong thdc trung binh : C;H,; . , J(NHZ)X hay C-H,- . 5, <Ny
+ Amin don chtrc, no: C,H,, + 1NH; (bac 1) hay CiH, 43N, PK:n>1
= Cong thoc trung binh : C.H,, , ;NH, hay C.H,; N, NK:n>1
+ Amin thom, don chtrc, gdc hidrocacbon lién két v6i nhan bezen 12 gbe no:
CiHzn_7NH;, n > 6
= Cong thdc trung binh : C H,; ,NH,, NK:n>6

2.5.6. Cong thitc phdn tir tong qudt va cdng thicc phdn tir trung binh cia hén hop
aminaxit

+ COng thirc phéan tir tng quat cia aminoaxit :
R(NH,)«(COOH), hay C,H(NH,),(COOH),
= Cong thoc trung binh : ﬁ(NHZ)X(COOH)y, fieu kien: X, Y > 1
+ Aminoaxit no mach hé: CiHyz, + 2 -x-y(NH2)x(COOH),, PK : n > 1,k > 0)
— Cong thoc trung binh: CiHyn 4 5 — < -y (NH,); (COOH)y, fiieu kien : n > 1Lk>0
+ Amino axit chira 1 chitrc amin, 1 chirc axit: R(NH,)(COOH)
= Cong thdc trung binh : R(NH, )(COOH)
+ Amino axit no chtra 1 chirc amin, 1 chirc axit:
CrH2,(NH,),(COOH) hay CHop + 10N, PK :n>1,m>2
= Cong thdc trung binh :
C,H,5(NH,)(COOH) hay CH,5.40,N, NK:n>1m>2
+ o-Aminoaxit chira 1 nhom -NH, va 2 nhém -COOH :
HOOC—CXHy—(IZH—COOH hay HOOC—R—(IZH—COOH
NH, NH,

= Cong thdc trung binh :
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HOOC—Cy(Hy—(IZH—COOH hay HOOC—ﬁ—(IZH—COOH
NH, NH,
3. Baitoan va cach giai
3.1. Baitoan

D6t chay hoan toan 19,2 gam hdn hop 2 ankan X, Y bang mot lugng oxi vira du
thu dugc 57,2 gam CO,. X4c dinh cong thirc phén tr cta 2 ankan trong céc truong hop
Sau:

1. Hai ankan ké can nhau.

2. Hai ankan hon kém nhau 2 nguyén tir cacbon.

3. S6 mol 2 ankan theo ty 1¢ 2 : 3.

4. Chat c6 sb cacbon 16n c6 % vé thé tich khong nho hon 50%.
3.2. Cach gidgi

.. [ X:C,H,,,, :x (mol) 1<n<n<m

Dat = n''2n+2
Y:C,H,,.,:y (mol) a=X+y
a (mol)
s T 3n+1 - —
Phuong trinh phan tng: CzHon,o + 5 0, > nCO, + (n+1)H,0
a (mol) —» an—> a(n+1)

£ \ N _ 572

S6 mol cua CO; la: nco, =a.n=ﬂ=1,3 mol......(1)

Ma: Mup ankan = (141 +2)a=192 = 14na+2a=19.2......(2)
Tu (1) va (2) taco:
n=2,6
=
a=0,5

1. Hai ankan ké tiép nhau = m=n+1

na = 1,3
14 na + 2a=19,2

Vay: n=2 <n=26< m=3

l l
CoHg(X) CgHg(Y)
X:C-oH
— CTPT: 276
Y: C3H8

2. Hai ankan hon kém nhau hai nguyén tir cacbon

=>MmM=n+2=>n<N=26<n+2=06<n<2,6

134



Tap chi KHOA HOC BHSP TPHCM Lé Vin Dang

n=1 X:CH,
Truong hop 1: = CTPT:
Truong hop 2: = CTPT:

3. S6 mol hai ankan theo ty 16 2 : 3

=0,5 =0,2
Tm&ynghqpl:lzg: X+ = X
y 3 y=15x y=0,3

Vay : N, < n=26< _m,

\’ \’

X Y

Hr_J %’_J
0,2(mol) 0,3(mol)
nx+my 26 = 02.n+03.m _

=>nN= =
X+Yy 0,5 3

Biénluan:vin<m = n<26 (nlanhingsd nguyén, duong)
n | 1| 2 |
m |367| 3 |

%/TJ%/_J
loai nhan

X:CyHg
Vay CTPT :
Y: C3H8

Truong hop 2: §=§:>{

X+y=0,5 ‘ {x=0,3
> =

x=1,5y y=0,2
Vay': N <n=2,6< m
4
X Y
%K_J %f_J
0,3(mol) 0,2 (mol)

XMy o6 o 0,3.n+0,2.m _2.6 —m _13-3n

X+Yy 0,5 2

Bién luén : vin< = n<26 (nlanhiing sé nguyén, duong)
n| 1 | 2 |
m| 5 | 35 |
N N
nhan loai
X:CH4
Y:C5H12

Vay CTPT : {

135



Tw liéu tham khao Sé 43 nam 2013

4. Chét c6 sb cacbon 16n ¢6 % vé thé tich khdng nho hon 50% hdn hop.
Tacd:x+y=05=>x=05-y
Theodé:y>05.(x +y) = y=>0,25
=_hx+my n(05y)+my _ 2.6

n= = 0,5n-ny+my=1,3
- X+Yy 0,5 y=my
y:1,3-0,5n
m-n

Vin<n = n={1,2}
1,3-0,5n =1,3—0,5.1
m-n m-1

n=1 X:CHy
= = CTPT:
m=3 Y:C3H8

n=1 X:CHy
= = CTPT:
m=4 Y:C4H10

_ 1,3-0,5n _ 1,3-0,5.2
m-n m-2

n=2 X:C2H6
= = CTPT:
m=3 Y:C3H8
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