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a) Phan tr CO; ¢6 2 lién két dbi C=0 chita hai lién két = ndm trong hai mét phéng vudng
gbc véi nhau:

..........

Ap dung md hinh hat chuyef:n dong tu do trong hp th& mot chidu cho 4 electron @ (tham
gia vao hinh thanh 2 lién két d6i) ctia CO2: 4 electron chuyén dong trén hai hop thé mot
chidu vudng goe véi nhau, m3i hop thé c6 2 electron. Gian dd niing lugng va so db dién

electron:

-ﬁ- n=1 ﬂ- n=1

b) Chiéu rong ciia mdt hop thé (mdi hop thé chi chira 1 lién két @6i): L =1 x dco
Téng ning luong ciia 4 electron 7 clia phan tir CO2 & trang théi co ban:
E, , =2x2xE, =4x E,, v6i E1 12 ndng lugng ing véin=1:

17 x(6,626x10™)’
E i

= —=4,465x10™ J = B, , =1,786x107" J
8><9,10><10”3'x(1,162x10"°)

1,25

a) Chu hinh electron ctia CO va COj; theo gian dd MO dé cho ¢ hinh 1.1:

CO2: (25625b)* (05)*(02) X (mamy) *(mmy")*

CO; : (2sa2sb)* (0)2(02) (vty)* (m'my™) (e 7y )’

Khi COz nhdn thém 1 electron dé tao thanh CO3, electron dugc dién vao MO phan lién
két = bac lién két C-O giam => d¢ dai lién két ting=> dco trong CO; > dco trong CO2

b) Tir gian dd MO d cho ctia COz, nhén thdy: HOMO 1a cic MO khong lién két me" va
my", c6 ndng lugng bing véi ning lugng cdc AO 2p clia cdc nguyén tir Oa va Op = cdc
MO nay tao ra tir (céc) AO 2p ctia 2 nguyén tir O, nhung céc AO khong twong tc dé tao
MO lién két hay phan lién két = HOMO la MO-3.

LUMO ctia CO; 13 cac MO 7" va my" tao ra tix sw t6 hop AO 2p cuia C va 2 nguyén tir O. Vi
14 MO phan lién két nén phai 13 t8 hop tri déu ctia cde AO = LUMO [a MO-4.

MO-1 & MO mx hodic mydo c6 su 16 hop cung ddu cia cde AO 2p ciia C, Oq va Oy, cdc
MO: MO-2; MO-5, MO-6 khéng phai 1a MO m ma la cdc MO o, do cdc thiy cia chiing
ndm trén tryc lién két.

0,50

- Dbt chay 1 thn CHa: n(CHg) = 1000/16 = 62,5 kmol
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CHy4 + 202 — CO2 +2H20
$6 mol CO; tao thanh: n(CO,) = n(CHs) = 62,5 kmol

= khdi lugng CO2 = 62,5 x 44 =2750 kg =2,75 thn. )
- Anh hudng cta vige thai tryc tiép 1,0 tAn CHa so v6i dot hoan toan tgo ra 2,75 thn CO2:

m(CH,)xGWP(CH,) _1,0x25,0 _¢ oo
m(CO,)xGWP(CO,)  2,75x1

Tong diém ciu I 3,0
I 2,5
3,5 a) i) 0 450 K:
i) AG* = A H° ~TA,S° =—RT In K, =-8,314x450x1n2,24 = 3,017 kI mol™" <0

Bién thién sé mol khi cia phan tng: An=2-3+1)=-2<0= A,S8°<0
PEA,G°<0thi A,H®<0, tirc 1a phan ing toa nhigt => khi ting nhiét dJ, can bing chuyén
dich theo chiéu nghich = lugng NH3 gidm. ) )

ii) Khi thém 1 mol khi Ar vao hé, ap sut ngodi khong doi, 4p suét trong hé ting, ddy

piston dich chuyén dén can bing véi dp suét ngodi = thé tich ciia hé (V) ting 1én. Céc

NE)Y (v V) *
khi li twdng: P = ol = K, =——(i(—3—)l—3(—V—) =K, (—V—)
14 n(N,) (n(H,)) \RT RT

Vi K» khong dbi (do T khong dbi), khi V tang thi Ky gidm = lugng NH; giam.

A

b) Khi trdn N2, Ha theo ti 1¢ s6 mol 1 : 3 (theo hé so ti lwgng), & trang thai can bing:
Na(g) + 3Ha(g) = 2NHs(g)
x (atm) 3x (atm) 50 (atm)

2
P § P* 50)?
K,= (i, /7") 5= (50) -=1,0x10" = x=31,02 atm
(B, 1 P*)x(Py, 1) x(3x)

(dé don gidn, trong cdc bidu thire Kp biéu dién dudi day, khong ghi P°)
Ap suft tbng ctia hé: Py =31,02 +31,02x3 + 50 = 174,08 atm
Néu khi hé dat cAn bing, ti 18 Na, Hz 1 1 : 6 va &p suét NHs vn 12 50 atm:

No(g) + 3Ha(g) =  2NHz(g)
y (atm) 6y (atm) 50 (atm)

(s0)
»(67)
Ap subit tdng clia hé: P2 = 18,44 + 18,44x6 + 50 = 179,08 atm > P, = nhén dinh ctia hoc
sinh la sai.

K, = =1,0x10" = y=18,44 atm,

¢) Ap sudt cia N2 1a 1 atm, ctia Hz 1a 3 atm.

Na(g) = 2N(g) Kp=7,94x1074
(1-x) 2x
(2")2 44 22
K,= (= =7,94x10™ = 2x =P, =2,82x10™"atm
- X
Ndng d6 N(g) (tiéu phén L™):
22
¢, =, =Ly, = 2B 6 022x10% =2,07
14 RT 0,082x1000
Twong ty, tinh duge ndng do H(g) (tiéu phan L™):
Ha(g) = 2H(g) Kp=5,01x10"'8
() 2y
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2
2
K, =£3l)—=5,01><10"8 =>2y=D, =3,88x10atm
=¥

T ]

-9
c, =£><NA =-£><NA _ 3,88x10

V RT 0,082x1000
Vi ndng d6 N(g), chi ¢6 2,07 (nguyén tir L1 nén kha néng va cham giifa cac nguyén tir
H v6i cac phan tir N2 s& cao hon At nhidu so véi va cham gifta N véi Ha = bude (2.4b)

s& wu tién hon vé phuong dién dong hoc.

x6,02x10% =2,85 %10 (nguyén tir L™)

1,0
a) 2NHs(g) + H2SO4 (aq) — (NH4)2S04(aq)
Lugng nhidt téa ra khi tao thanh 1 mol (NH4)2804 trong dung dich & 25 °C bao gdm
luong nhiét toa ra cia qué trinh 1dm ngudi NHa(g) va nhiét tda ra clia phan img xdy ra
trong dung dich:
P4 tao ra 1 mol (NH4)2804 (aq) ¢ 25 °C cin 2 mol NHs(g) & 25 °C. Lugng nhiét téa ra
khi 2 mol NHs(g) 1am ngudi ti 75 °C xubng 25 °C la:
298
AH? = [ nC,dT =2x35,1x(298-348) =-3,51 kJ
348
Luong nhiét toa ra khi tao thanh 1 mol (NHa4)2S04 tix sy hép thy NH3 (g) cia H28O04 (aq):
A Hyyy = A Hyyg ((NH,),S80,,aq)—A fH;’ps(HZSO4, aq)—2A fH;’%(NHa, 2)
= —1174,3—(-909,3) —2(—45,9) =-173,20 kJ mol™
Luong nhiét toa ra khi tao thanh 1 mol (NH4)2804(aq) =-173,20 - 3,51 =-176,71 kJ
b) Thép phan tng khdng trao dbi nhiét = toan bd lwgng nhiét toa ra khi tao thanh
(NH2),S04 ding dé 1am néng dung dich. Vi ndng df dung dich (NH4)2S04 14 1% vé sb
mol, nén néu mét dung dich san phim chira 1,0 mol (NH4)2S04 va 99,0 mol Hz0 s8 nhén
lugng nhiét toa ra khi tao thanh 1,0 mol (NH4)2804 12 176,71 kJ (dung dich chira x mol
(NH4)2804 s& nhén luwong nhiét 1a 176,71x kJ)
n(NH4)2804) = 1,0 mol; n(H20) = 99,0 mol
Khbi luong dung dich: m = 1,0x132,0 +99,0x18,0 = 1914,0 gam
Luong nhiét toa ra trong qué trinh tgo thanh 1 mol (NH4)2S04 12 176,71 kJ s& 1am nong
dung dich tir nhiét d¢ 298 K (25 °C) 1én nhiét do Tz
176,71x10% = 4,184x1914x(T2 — 298) = T»=320,1 °C.
Tong diém cfu II 3,50
111 0,5
(2,5 Céc ban phan (ing va phan Ging ctia qué trinh &n mon dién hoa Fe:
diém) a) Trong moi trudng 4m (khdng c6 oxygen):
Cathode: 2H,0 + 2e — Ha + 20H™
Anode: Fe — Fe** +2e
Phan ihng 18ng qudt: Fe + 2H20 — Fe(OH), + H
b) Trong méi trudng khong khi Am: :
Cathode: Oz + 2H20 + 4e — 40H™
Anode: Fe — Fe** +2e
Phan ting t6ng qudt: 2Fe + Oz + 2H0 — 2Fe(OH)
Néu du oxygen, Fe(OH)2 tiép tuc bi oxi hoa thanh Fe203-nH20 (gi sht):
4Fe + 30, + 2nH20 — 2Fe203-nH20
1,0

a) Céc phét biéu PUNG la iii) va iv)

b) Cathode: O2+ 2H20 + 4e — 40H"

Anode: Zn— Zn** +2e

Phan ting t6ng qudt: 2Zn + Oz + 2H20 — 2Zn(OH), ‘ ,
i) Khdi lugng téng 1én do Zn bj oxi héa thanh Zn(OH)a. Khéi lugng ting 1&n bing khoi
luong ctia m(Zn(OH)z) — m(Zn) = 34x, vdix la s6 mol Zn bj oxi hoa.

Trang 3/ 8




34x =128,0 —25,0 = 3,0 gam =>x = 0,0882 mol

% Zn bi oxi héa la: 9-0%)@ % 100% = 23,08%

i) Khéi k&m lam viée cho t6i khi toan bd lugng Zn bi oxi hoa hét:
n(electron) = 2xn(Zn) = 2x25,0/65,38 = 0,765 mol
Pién luong sinh ra: Q = n(electron)xF =Ixt = thoi gian 1am vige t6i da:

p X0 T65x96485 _ »515145=819, giv
7 25x10

1,0

a) Tbng dién lwong sinh ra trong mdt ndm:

Q=1 x t=(2,5%10°x1000)x(365x24%3600) = 78,84x 10 Coulomb
Tdng s mol electron twong tng 14: n(electron) = Q/F = 78,84x10%/96485 = 817,12 mol
m(Zn) = n(Zn) x M(Zn) = (817,12 /2)x 65,38 =26,71 kg
Vi lugng Zn thét thot 13 10% nén lugng Zn tham gia bdo v§ chéng &n mon 12 90% =
m(Zn) can dung 1a: 26,71/0,90 = 29,68 kg
b) Dién néing W = UxIxt=UxQ = 5%78,84x10° = 394,2x10% Ws = 109,5 kWh
¢) - Uy, nhuge didm cta hai phwong phép:
+ Phuong phép bao vé cathode: tiéu ton vat ligu (kim loai hi sinh), nhung khong tiéu hao
ning lugng ngoai.
+ Phuong phép sir dung dong dién cudng bire: khong tiéu tén v4t ligu nhung tiéu ton
nidng luong.
- Pham vi tng dung;:
- Phuong phép bao vé cathode phd hgp/uu tién hon khi béo vé cac thiét bi di dong nhu
thu, thuyén trén bién (trong moi trudng 4m).
- Phuong phép st dung dong dién cudng birc phi hop /uu tién hon khi ding dé bao vé
nhitng thiét bi ¢d dinh; trong méi trudng khic nghiét, kho.

Téng diém chu III

2,50

v
(3,0
diém)

2,0

a) Bidu thirc dang vi phén biéu dién toc df phan ing

!
B ~kC' +k_(Choy = =R Co 41, (C7 = C) = (ke + k)C +kCy

d t rans

b) Thiét 14p biéu thirc tinh ti 1¢ ndng do cis-but-2-ene tai thoi diém ¢ (C') so véi C?
theo t, K, ki va k_

%%_“ =—(k, +k_)C!+k_C: =—(1+ K ) k_,C; +k_,C] ==k, [(1 +K)C!-C? ]

dC;
(1+K)C,-C; 4

g
TR a e dt = Cj

s

1 o 0
= 1+K[ln((1+K)CS ~C?)-In((1+K)CP=C?) |= ks

1 0
:>1+K[ln((1+K)C;—Cs)—anCf]=—k_,t

l_ o t
SnG=C ke | BEG ok
XC® K C K

1+k\C 1 ¢ 1 K

il o P - o AP —k MK +1
:>( = )Cf K+exp[ k_,t(K+l)]:>C: K+1+K+leXp[ k_t(K +1)]
OV K=1:
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1+K)C, -C; 2C! -Cy C!-0,5C;
In —(——]%xo———‘ = —]C_lf(K + 1) = lnT = '—Zk_lt =1In —O—’S—C:_‘ = —'Zk_]f
= In(C! -0,5C7 ) =1n0,5C; ~2k.t

Vay d thj dang 1a H-1

1,0
a) Dit [cis] 1a ndng d6 cén bing cla cis-but-2-ene.
Nong d6 can bing cua trans-but-2-ene = C; - [cis]
_ [trans] _ Cy; —[cis] e ] =
[cis] [cis] K+1
C’ KC!
L is-but-2-ene chuyén héa 16n nhit= C? - [cis] = C] ———=——
wong cis-but-2-ene chuyén hoa lon n fi ? - [cis] = C il K+l '
Néu luong cis-but-2-ene chuyén hoa bing 30% so véi lugng chuyén héa 16n nhat thi
lwong cis-but-2-ene tai thoi diém ¢ 1a
c=cr- 0,3KC; _ C; +0,7KC;
K+1 K+1
C 1 0,7 1 K
— = = + exp[-k (K +1)]|= 0,7 =exp|—k_t(K +1
Co TR+ K+l K+l K+ p[-ht(K-+D)] [~k (K +D)]
-6
K=1,14k=16x10%s" i =Z‘l=5&x10—-=1,404><10"‘s-l
K 1,14
thay vao c6 ¢ = 32,98 gio
b) Sau khi phan mg xay ra dugc 10 gio:
C_ 1, X & [~k t(K +1)]
co TR+l Kl PTH
__L L exp| ~1,404x10°° x36000x (1,14 +1) | =0,9454
L14+1 1,14+1
C' =0,9454C° = C,,,,, =0,0546C° = t11¢ % ddng phén trans trong hdn hop 12 5,46%.
Tong diém ciu IV 13,0
\% 2,0
4,0 ; T o
diém) a) Céu tric ion I3, I3:
o 7
N

| I I
Lién két trong I; dai hon trong Ij. Gidi thich: Trong I, I" cho electron vao MO o,
ctia I lam ting mét do electron trén MO phén lién két = ting do dai lién két I-I; trong
I, I cho electron & MO 7,7, vio orbital trbng cua I* nén lam gidm mat do electron
rén MO phén lién két = giam do dai lién két I-L.
Néu thi sinh gidi thich theo cdch khdc hop Iy vén cho di diém.

b) Cu tric ionI; va I :
®
i /l\ °©
@“/'l'\ ) I |
o \ /l
P = RN iy
' \I ®

Goc lién két: 1 géc <109° va 2 gbc ~ 180° 2 goc <109°va 1 goc ~ 180°
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¢) T gia tri ham lwgng Al va Cl xdc dinh duge CTPT cua X1, X2

X1 : AlCIsIy ing véi CTCT: [I2CI] [AICL]”

X2 : AlClgl3 Gng véi CTCT: [I3CL2] TAICI4]" 3 )
Néu thi sinh chi xdc dinh CTPT va vé cdiu triic cation van cho du diém

Chu triic
®

Cl/l\le Cl
0 N/
l/ \Cl ('!3

Phéan #ng
10[I3CL]*[AICL] + 18H20 — 10AL* + 60CI+ 121+ 6105~ + 36H"
[I3CL2]*[AICLs]™ + 100H™ —— [AI(OH)4]™ + 6CI™ + 2" +1035™ + 3H,0

Néu thi sinh xdc dinh ding san phdm nhung khong cdn béng thi dugc nira 16ng 56 diém.

2,0

a) a = 2[t(Ni*") + 1(0*)] =418 pm = 4,18x107% cm
4x(58,7+16)
dy;

= =6,79g cm™
0= 6,022x10% x(4,18x10™7)’ & v

2-x-2
b) /) Li,Ni,O +2H"+ (2—x —2y)I" —>xLi* + yNi** + (_—XZ—L)IZ +H,0

—_ — +2
Li Ni O+ (X'i‘Zy)I-I+ — yxLit + yNiz" + 2-x Zy)o & (X y)H o
x Vy ———-4 5 ____.2 .

Ni*+ 20H™ —— Ni(OH),
Ni(OH), —%¥€ 5 NiO + H,0
I, + 28,0 ——2I" + 8,07

Khi thay thé Ni2* bing Li* va khuyét Ni2*, dé cén bing di¢n, mt phén Ni*? da bj oxi héa

1én Ni*?, Trong 0,6790 gam Y1 cé:

My =2y, = =0,014x0,1=1,4x10"mol

N =gy =i
MoTNO (58,7 +16)

= n,, =8,7x107-1,4x107 =7,3x107 mol

Goi x 1a 6 mol Li*, y 14 s6 mol O ta cé:

{2y—x =1,4x10x3+7,3x10°x2=0,0188

16y +6,9x =0,6790—8,7x10~ x58,7 = 0,16831

y=0,01;x=1,2x 10-3 = Nhu vdy cong thirc héa hoc ctia Y1: Lig,12Nio,870

ii) Trong tinh thé NiO, s6 vj trf Ni** = 0*

= sb vi tef khuyét=1-0,12-0,87=0,01 < 1,0%

=8,7x10%mol

Tong diem ciu V

4,0

VI
4,0
diém)

1,0

a) Sai b) Dung ¢) Ping d) Sai

1,5

a) Sau khi trdn, xét hé gdm: Ag* C% = 0,05 M; H3PO4: C°2=0,20 M
Sau khi diéu chinh pH, h¢ dd xuét hién két tiia AgsPO4 nén: [Ag'Px[PO#7] > Ks
Khi bt diu xuAt hién két tia thi [Ag'] = 0,05 M (bd qua sy thity phén clia Ag")

Khi dé: [PO}] zEA—Ki]—J =7,13x10"" M
g
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94 = K"lK"ZK‘73 = [POi_] >3,57x% 10_12
har h3 + thal + hKalKaZ s KalanKa3 C"z ,
véi i = [H"] — h < 9,04x10~° M hay pH > 4,05. Véy pHuin = 4,05.

=

b) Xét dung dich sau khi tron Ag* véi HoPO4: Ag': C° = 0,05 M; HaPO4™ C°%=0,20M
Vi COyx Ky = 1,23%1078 >> Ky = 1071 va Kip >> Kay nén HoPO4™ quyét dinh lyc acid, bd

qua dang PO4*~;
(1) HoPOs4~ = H* + HPO4* Ko = 1¢7

Miit khéc, C°2x Ky = 0,02x107'185 = 2,83x1072 > Ky nén HaPO4~ quyét dinh lyc base:
(2) HoPO4~ + H20 = H3PO4 + OH™ Kp=1071188

Khi d6: pH ~ %(pKﬂ1 +pK,,)=4,68

Vi dung dich ¢6 tdng ndng d6 phosphorous ban dAu tuong ty nhu thi nghiém phén (a) va
pH = 4,68 > pHmin = 4,05 nén dung dich sau khi trdn Ag* v6i dung dich HoPO4™ ¢6 xudt
hién két tha vang AgiPOs.
- Xét dd khi tron Ag* v6i dung dich chita hdn hop HaPO4 va H2PO4™

Ag": C° = 0,05 M; H3PO4: C°2 = 0,1 M; HoPO4™: C%3=0,1 M
Vi CoxKa1 = 7,08%1074 >> Ky = 107 va Ka1 >> K2 >> Ki nén pH do sy phan li néc 1
ctia H3PO4 quyét dinh. Xét cén bing:

H3PO4 = .H* + HoPO4~ Ku =10725
[1 (0,10-x) % (0,10 +x)
_xxO10+%) g o [H]=6,25%x10> M — pH=2,20

al —
(0,10-x)
Vi dung dich c6 tdng ndng d6 phosphorous ban dAu twong tw nhw phén (a) va pH = 2,20
< pHmin = 4,05 nén dung dich sau khi tron Ag"* v6i dung dich chira hdn hgp H3PO4 va
H,PO4 khdng xuét hién két tia vang AgsPOa.
K&t lugn: Phan biét duge hai dung dich.

15

2) X&t hdn hop thu duge khi dua Ag" vao dung dich Z. Gia sir chua xét dén sy tao ket
tha trong hé. Vi POs> c6 Ko = 107168 >> Kip = 10707 >> Ky = 107115 va C°xKpr =
8,36x10~ >> Ky, nén pH do cén bing thity phén nc 1 ciia PO4>~ quyét dinh.

Xét can bing: POs* + H,0 = HPO& o+ OH~ Ky = 107168
[1 (0,04-%) X X
K, = i o}j— = 107 — x =[OH]=2,03x102 M — [PO4*] = 1,97x107 M. Khi do:
- Dé két tha AgBr xudt hién thi [Ag"], = Ky 107 ) 69x10” M
[Br] 2x10*

—16,05
- D& két tha AgsPO4 xuat hin thi [Ag"], = 3/[;23_] &= </1 ;(7) e =1,65x10° M
4 s 71X

Vi [Ag']ay < [Ag']e) nén khi thém Ag* vao dung dich Z thi két tha AgBr s& xudt hién
trudc AgaPOq.

b) Xét hé sau khi trdn gom:
Ag*t C° = 5,00x1073 M; Br: C% = 1,00x107* M; PO4>~: C° = 0,02 M; NH3: Co/2 M
Khi Br- tao két ttia hét 99% s& mol, titc 14 cé phan tmg:
() Ag"+Br — AgBr

L i = 104% 194 = 10-6 e K107
Tai thoi diém ndy: [Br]=10"x1%=10"M — [Ag ]=[T3;T‘]=—IOT=10 M
TPGH gdm: AgBr |; Ag*: C1 = 4,90x10 M; PO#*: C2=0,02 M; NH3: C3 = Co/2 M
Gia sit C3xKp = C3x 107476 << CxKppt = 0,02x107568 = 4,18x10~* (*) — mdi trudng do

PO4*~ quyét dinh.
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Vi PO c6 Kot = 107758 >> Kip = 10707 >> K = 10755 va C%x Kbt = 4,18x1074 >>
Ky nén pH do cén bing thuy phan ndc 1 ciia PO4* quyét dinh.
Xét cén bang:

(2) PO& + H0 = HPO& + OH~ Kp = 10716

[ ] (0’02 - x) X X

2

K, = ﬁ_ —10746% — x = [OH] = 1,25%102 M — [PO4*] =7,49x10° M

y —-X
Khi d6: [Ag*PX[PO#] = (107527)3x(7,49x10%) = 1,16x107! < Ks2 nén khng c6 ket tia
AgiPOa.
Ta lai c6: Vi [Ag"] = 1047 M << Cy = 4,90x107° M va B = 1072 >> B = 10> nén
lugng Ag* du chit yéu tao phitc bc 2, Ag(NHs)". Nghfa 1a:

(3)  Ag'+2NHs; — Ag(NHa)," Pa=107%>> 107
— [Ag(NHa)s*] =4,90x10™ M. Tit [Ag'] = 10" M

. [[AeNH,):] \P,%x 107 2
{ 3] \/ ﬂz X[Ag+] 107,24 % 10-—6,27 x
Vi [NH3] = 2,29x1072 M thi gia sir (*) ding.
-4,76 -2
Khi d6: [NH?] = X2 R[NHL] 0 #3 29’210 =3,18x10™ M << [NH;]
[OH] 1,25%10"
Bao toan ndng do dAu cho NHs, ta dugc:
/2 = [NH;] + 2X[Ag(NH3)2'] = 2,29% 1072+ 2x4,90x107 = 3,27x107* M

— Co=6,54x102 M.

Téng diém ciu VI

4,0

Tong diém toan bai ([ + I+ I +IV +V + VI)

20,00

£

HET
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