VA PAO TAO KY THI CHQN HQC SINH GIOI QUOC GIA
TRUNG HQC PHO THONG

NAM HOQC 2023-2024

HUONG DAN CHAM PE THI CHINH THUC
Mén: HOA HQC
Ngay thi thi nhét: 05/01/2024
(Huéng dan cham thi ¢é 11 trang)

I. HUOGNG DAN CHUNG

l. Giam khao cham dung nhu Dép an — Thang diém cia B8 Gido duc va Dao tao.

2. Néu thi sinh c6 cach tra 161 khéc d4p 4n nhung dung thi giam khéo van chdm diém theo thang diém cua
Hudng ddn chém thi.

3. Giam khao khong quy tron diém thanh phan coa timg cdu, diém cia bai thi.

I1. DAP AN - THANG PIEM

Cau ‘ Noi dung
Chi ¥: Néu thi sinh khéng ghi don vi cia cdc dai lwgng mét cach hé thong trong cdu, thi trir 0,25 diém
tir tong sd diém ciia cau.
I l.a) Taid=35 A:
(3,0 ‘F s 12 0 2
diém) | y(d)=4x%0,930 kJmol"'i B | 3’6“(?
' 5 00A
Taid =5 A, V<0 ching to twong tac hat chiém wu thé nén hai nguyén tir ¢6 xu hudng tién lai gin
nhau (dé tao hé bén nhat).
Tuong tu, tai d = 3,5 A:

=— 0,459 kJ mol!
5,00A

o 12 o \®
V(d)=4x0,930 kimol™ || 2824 | | 2928 1\ 1 021 kI mol
3,50A 3,50A

Tai d =3,5 A, V> 0 ching t6 twong tac ddy chiém uu thé nén hai nguyén tir ¢ xu hudéng tién ra xa
nhau dé giam theé nang.
1.b) Nhén xét:

() {5 o3
(53 o

Khoang cach nho nhat ma hai nguy
*,O_\lz 25 6]
5 -5)

Bén kinh van der Waals cua Ar: r_, =

V(d)=4e (—j <0e=d>c

V(d)=4e (—) >0e=d<o

j
9

=0—d=g¢

n tir ¢ thé tién lai gan nhau tuong Umg vai V= 0. Co:

V(d)=4de

o 3,62A _

1.¢) Khoang cach ma & d6 hé hai nguyén tir Ar 1a bén nhét tuong (mg véi khoang cach ma tai d6 thé
nang tuong tac gilra hai nguyén tr dat gia tri cuc tiéu. Tai do, dao ham cua ¥ theo d bang 0:

__12 12 6
o (Y3 2a° +]} 0

0= 24—
[0 2e 8

13 7

V'(d):O<:>4g£
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d=2"c < d=2""x3,62A=4,06A |
d=cx |
Taid=o, V=0;tai d=2"%6, V=—-¢=-0,930 k] mol™ <0 (dao ham bdc hai cua V tai d": 26 >0)
Vay, tai d=2"%c = 4,06 A. V' nhé nhét va bing — 0,930 kJ mol! |

=

2.a) Do Ar (Z = 18) ¢6 nang luong ion hoéa thir nhit cao hon H, nén ArH' coi nhu tao thanh tir Ar va
H'. Sirdung cdc AO hoa trj cua hai tiéu phén dé td hop tao thanh cac MO, trong d6 AO s cia H t6
hop véi AO 3p; ciia Ar (do truc lién két 14 truc Oz). Gian d6 MO ctia ArH™ nhu sau:

E
AO(Ar)  MO(ArH")  AO(HY

o —
i F
I’ 1
! ~
‘ Se—
' h
,: ;s
PR ’
ﬂ' 'H- %( = % -H' ’
3p ‘\\ nz n3 ”

’

Chu hinh electron ciia ArH* 13 (n))%(e7)*(n2? = n3?); béc lién két N = (2 — 0)/2 =1 > 0 =tdn tai ion
ArH".
2.b) Céc phuong trinh phan trng:

ArH +CO - Ar+HCO*

ArH" +CO — Ar+COH"
Cac ion dong phan 1a HCO* va COH". Céng thirc Lewis va dién tich hinh thirc trén cic nguyén tir nhu

Sau:
0 +1 -1 +2

H-C=0: :C=0-H
Dua vao dién tich hinh thirc trén cac nguyén tir, ¢6 thé du doan HCO™ bén hon COH™ do céc gia tri
dién tich hinh thirc trén cac nguyén tir nho hon.
Thi sinh cé thé viét cong thirc sir dung lién két cho — nhdn hodc gidi thich theo cdc cdch khdc phit hop
van cho di diém.

II
(2,5
diém)

1.a) Tir d6 thi, xac dinh duoc:
- O phdi, P = 14 kPa (ng v&i do bio hoa oxygen clia Hb: s = 0,98
(gid tri s trong khoang 0,95 < s < 1,00 van chap nhén)
-0 co, P =5 kPa Ging véi dd bdo hoa oxygen cua Hb: s = 0,75
(gid tri s trong khodng 0,74 < s <0,76 van chdp nhdn)
Trong 100 mL mau tir phoi dén co:
- Luong Oz ma Hb lién két & phéi 1a: 0,1x150%0,061 = 0,915 mmol (itng véi s = 0,98)
- Lugng O2 ma Hb lién két & co la:  0,915%0,75/0,98 = 0,700 mmol
= Lugng O3 giai phéng & cola:  0,915-0,700 = 0,215 mmol
1.b) Céc can bang nhu sau:

[HbO,]
1 Hb(aq) + O2(k = HbO:(a = 2
(1) (agq) + Oa(k) 2aq) = P [HB]
k. = LHB(O0,),]

° Px[HbO,]

__[Hb(0,),]
T Px[HB(O,),]
_[HB(O,),]
4
Px[Hb(0O,),]

(2)  HbOxag) +O20k) =  Hb(O2):(ag)

(3)  Hb(O2)x(ag) + 02(h) = Hb(O2)s(aq)

(4)  Hb(02)i(aq) + 02k) =  Hb(O2)(aq)
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Theo dé bai, co:
o (O] _ [HBO, ]+ 2x[Hb(O,),]+3x[Hb(O,);]+4%[£1b(0,),]
4xCh Ax([Hb]+[HbO,|+[Hb(O,),]+[HB(O,),1+[Hb(0,).])
Tir céc cén bang, cé: [HbO2] = K Px[Hb]
[Hb(02)2] = KiK2P?x[Hb]
[Hb(02)3] = K K2K3P*x[Hb]
[Hb(02)4] = KiK2K3K4P*><[Hb]
Thay vao (1), thu duoc biéu thire d6 bdo hoa oxygen cua Hb nhur sau:
_ K,P+2KK,P*+3KK,K,P’ +4K K,K.K P
C4x(1+K,P+KK,P +KKKP +KKKKP)

)]

2.a) Xét dung dich dém c6 pH = 7,18, gém H2PO4 0,120 M va HPO4* Co M

ViKa = 1025 >>h=10"7"%= Ky = 1072 >> K3 = 1073 nén trong dung dich c6 cac dang ton tai
chinh 1a H,POs~ va HPO4*~ (b6 qua dang H3PQs, POs™).

Gia str Cp, >> [OHT] = 107%% M, 4p dung cong thirc hé dém:

v

CHPOZ‘ C -6.82 e .
pH = pK , +1g——— hay 7,18=7,21+lg0 1;0 — Co=0,112 M >> 10°* M (gia str ding).

PR

HyPO;
Khi thém H* v&i C = 1,00x107° M, ¢6 phan tng:
HPO4* + H — H2PO4
Thanh phén giéi han 1a HoPO4~ 0,121 M va HPOs* 0,111 M
Ap dung cong thirc hé dém, cé:

G ot 0,111
pH = pK,, +1g—"% 5 pH =721 +1g—2—=7,17
‘ N 0,121
H,PO;
(théa méin vi [OH] = 10758 M << S B

2.b) Sau 5 ngay, pH cua dung dich la 7,00. Khi do, co:

Vi Ka = 107215 >> h = [07% = Ky = 10772 >> K,3 = 107232 nén pH van do hé HaPO4~ va HPO4*
quyét dinh. Xét phan (img: HPO.> + H* — HoPO4”

Sau phan (mg: HoPOG: C,, = (0,120 +£x5) My HPOS™: €, o = (0.112 = 1x5) M

H,PO;

Giasu C va C >>h =109 M, c6:

Hy PO, HPOI

0,112—-¢tx5
0,120+tx5

‘3 5
pH = pK , +1g—"%_ hay 7,00=7,21+Ig — t=4,70x10~ mol
H, PO}

Kiém tra gia thiét: C,, =0,1435M, C, . =0,0885 M >>h — gia sir dung.

HPO?
Viy, mdi ngdy, trung binh vi sinh vét giai phong 4,70x107 mol ion H™.
Chii y: Néu st dung cong thirc hé dém ma khong kiém tra diéu kién thi trir 0,125 diém.

I11
(3,0
diém)

1.a) Tai anode: Pb(r) + HSO;, (ag) — PbSO4(r) + H(ag) + 2e”

Tai cathode: PbOs(r) + HSO] (ag) + 3H(ag) + 2¢ — PbSO4(r) + 2H20())
Phan (ng tong cdng: Pb(r) + PbOa(r) + 2 HSO; (ag) + 2H (aq) — 2PbSO4(r) + 2H20())
1.b) G 25°C =298 K:

ESy =1,640+1,34x107 x298 =2,039 V

A G2, =—nFES, = -2x96485x2,039= —393465,83Jmol™" =—393,465 kJ mol™'
(mol™": tinh cho mdt mol phan tmg)

AH® AS° "

-+

AG® =-nFE° = AH® —-TAS* = E° =—
nF nF

T
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Tur phuong trinh phu thude nhiét do cua E° rat ra duoc:
AS°
nF
= TA,S° = 298K % 258,580 K ' mol™' =77056Jmol™ = 77,056 kJ mol™

A H® = AG® + TAS® = -393,465kI mol ™" + 77,056 kI mol '= -316,409 kJ mol!

1.¢) Khi sac dcquy, cac qué trinh xay ra trén dién cuc nguoc lai v6i chiéu xay ra khi phong dién:
Tai cathode: PbSO4(r) + H'(aq) + 2¢ — Pb(r) + HSO, (aq)

Tai anode: PbSO4(r) + 2H20(/) — PbO2(r) + HSO, (aq) + 3H'(aq) + 2¢

Khbi lugng PbSO4 bi khur vé Pb va bj oxi hoa 1én PbO; tai cac dién cuc trong qua trinh sac:

n’z(PbSO“):%xM xlxtXZ:#x303’2x3600><2><2 = 22,625 (g)
n

96485 2

1,34x107° = = AS8° =1,34x107 x2x 96485 = 258,580 J K™ mol™

2) Vi dcquy chi:
Coéng cuc dai: |A/G° | = 393,465 kJ mol™!
Pb(r) + PbO2(r) + 2 HSO; (ag) + 2H (ag) — 2PbSO4(r) + 2H20())
Khdi luong chat tham gia phan @ng (tinh cho 1 mol phan tmg):
m = 1 xM(Pb) + 1 xM(PbO;) + 2xM(H2804) = 207.2 + 239,2 + 2x98,0 = 642,4 g mol™!
=w(icquy) = 393.465/642,4 = 0,612 kJ g
(*) V&i pin NiCd:
Cong cuc dai: |AG= |-2x96485%1,30x107%| = 250,861 kJ mol™!
Cd(r) + 2NiO(OH)(r) + 2H20(]) — Cd(OH)x(r) + 2Ni(OH)2(r)
Khdi luong chét tham gia phan @ng (tinh cho 1 mol phan tmg):
m = 1xM(Cd) + 2xM(NiO(OH)) + 2xM(H20) = 112.4 + 2x91,7 + 2x18,0 = 331,8 g mol!
=w(NiCd) = 250,861/331,8 = 0,756 kJ g™
3) Vi thé tich 48 lit xdng, xe di chuyén dugc quang dudng 1a 48x100/8 = 600 km
Ning lugng tuong g can cung cap la 600x8/100 = 48 kWh = 48000 Wh
Khéi lwong cua binh dcquy chi dé cung cp mot nang lugng 48000 Wh la: 48000/50 = 960 (kg).
Khdi lugng cua binh xing dé‘ly =10,0 + 48x5,30/8 = 41,8 (kg)
Vay sy chénh léch khéi luong 1a 960 — 41,8 = 9182 kg
4.a) Khi nap dién:
Taianode: LiMn2Os — LijxMn204 + xLi" + xe
Tai cathode: Cs +xLi* + xe — LixCs
Khi phéng dién:
Tai cathode: LijxMn20s +xLi™ +xe — LiMnyO4
Tai anode: LixCe = Ce+xLit +xe
4.b) 1 gam graphite tuong duong véi 1/12 = 10,0833 mol C
1 gam graphite lién két véi (0,0833x x/6)= 0,0138x mol Li
S mol electron twong tmg 12 0,0138 x mol = dién lugng cta pin la:
(0,0138x ) x 96485 = 1339,5x (Coulomb) = (1339,5x) (Axs) = 1339.5x x10° mAx(1/3600) h
=372mAh —-x=1

v
(3,0
diém)

1.a) Xac dinh nong dé ROH tai thoi diém =30 phut.
Vi k1>> ki nén trong su gan diing thir nhat phan (mg dau tién dugc coi la mét chidu.
Goi x va y tuong Gng 1a ndng do ciia ROH va ROCgHs tai thai diém £ Ki hiéu a va b tuong img la
ndng do dau cioa RCI va CgHsO™
RClI + OH —&> ROH + CI’

a-x-y a-x X
RCl + CH,0 —2—> ROCH, + CI’
a—-x—y b—y v
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Vi [OH ]° = [RCI]°= 1,0 M >> [CsHs07]° nén trong su gan dang thr hai, coi RCl mét di chii yéu tir
phan ing dau tién, thc lad a—x—-y~a-x

d[ROH]=ﬁ=kE(G—X)Z = & 2:kldt=>I = 1=Ikldf

dr dt (a—x) s (a=%x) 4

1 F 11 X

= =k, ——=kt=k =

(a—x)|, (a—x) a ta(a—x)
Tai thoi diém r = 30 phat = 1800 s
PR _ kta®  1,15x107 L mol™'s ' x1800sx1,0° mol’ L™
' ta(a-x) kta+1 1,15x10*L mol 's " x1800sx1,0 mol L™ +1

x=0,17Imol L' =[ROH]=0,171mol L
1.b) Tir biéu thirc tc do tao thanh cia ROH va ROCsHs, rit ra duoc:

dy _k _dx = In(b-y)|; = ﬁln(a -x)
(b-y) Kk (a-x) k,

X

0

= In(b—y)—In(d) = %[ln(a -x)-In(a)]=>k, =k N
! ln( )
a-—x

X a—x a
= akit= = l+akt= + =
ta{a—x) a-—x a—-x a—x a—x

Tir k, =

b
ln( j
—k, =k b~y i In(b)—1In(b - y)

"In(1+atk)) ' In(l+atk,)

Thay b = 47,62x10~ mol L™, c4c gia tri twong g clia (b — ) (ndng dd ctia CsHsO tai thoi diém 1)
va { vao ta co:

1, phut 2400 3600 5400 7200 9000
[CsHsO7], mol L' 0,004095 | 0,003834 | 0,003567 | 0,003291 | 0,003092
k2, L mol™' 5™ 7,12x107° | 7,20x107° | 6,88x107 | 7,04x107° | 6,99x107°

Gid tri trung binh: k2 = 7,05%1075 L mol™! 5!
Nhdn xét: ks <k; va [OH™1° = [RCI]°= 1,0 M >> [CeH507]° nén gic thiét a—x—y ~a—x trongy l.a
la hop Iy.
1.¢) Biéu thirc tinh [ROC¢Hs]:
[ b
In

B (b—y) _, Inb=In(b-y)
YU In(t+ak) T In(l+ark)
b

iy
k.

= In(b-y)=Inb-In(1+atk,)
b
b—_}’:—kﬁy:b— 5

(1+atk, )4 (1+atk, )4

4762
0,004762 =5,18x107 mol L™

Tai r = 30 phut: ¥ = 0,004762 -

7,05%x10~°

(l-+~l><180()><1,15><1()ﬁ4 )mxm*

2)%=vz—\/3—v4=02>v2=\/3+v4 (1)
d[Br’]

dt

=2v, =V, +v, +v, —=2v, =0 (2)
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k 112 [Bl‘2 ]i/Z

Suyra v, =V,: k [Br,] =k, Bt] = [ Br] = T 3)
5
k,[Br"|[H,] = k,[Br,][H"] + k,[HBr][H']
. 4
o [H']= k,[Br'][H,] 4)
k,[Br,] +k,[HBr]
1/2 1/2
Thay 3) vio @) [H']= =21 lhllPol (5)
k!?(k,[Br, ]+ k,[HBr])
Tbe do tao thanh HBr:
d[HBr]
it =V, 4V, =V, =V, +V; +V, -V, =2V,
6)
d[HBr ) 2k k!"?k,[H, ][Br, ] (
(HEr] =2k, [H"][Br,] = =5 o[H, 11Br,
dt kY (k,[Br, |+ k,[HBr])

Khi phan ang méi bat dau [HBr] coi nhu = 0, k,[HBr]<<k,[Br,], do dé:
d[HBr] _ 2k;’k,[H,][Br,]"

dt e
A% l.a)
(4,5
diém)

+ Do dai hing sé mang a:
av3/4= (;‘Caz, * P )=(120+ 118) =238.0 pm— a =550 pm = 5,50x10 cm
+ Do dac khit:
Thé tich cta cac ion trong mot 6 co s6:
bk 4 3 ]
V céc ion = 4(V(,H;+ 4 ZVF_) - 4X§x”x(’cﬁ L 2”;-)

3,1416

=4x4 (120° +2x118%) = 840x105 pm?

D6 dic khit (P) =V ion/a’® = 840x10°x100%/550° = 50,5%
_4(M,,+ 2M,)  4(40,0 + 2x19,0)
Nxd 6,022x10% x5,50° x 107

+ Khdi lugng riéng: D = 3,11 g/cm®

1.b) Vi hing s6 mang khéng doi:
40,0x (x—1)+88,9%xx+19,0x(2+x) 3,38
78.0 3,11

=>x=0.1 - CaooYo1F21

1.¢) Ngoai cac hoc thr dién, anion F~ con ¢6 thé chiém vi tri trung di€ém cac canh va tam cua 6 mang

co s& (1a cac hdce 1ap phuong tao bai F~ (hodc hdc bat dién tao boi Ca®").

« A e P A A 3 r - ’ - —
Kiém tra kich thudce hoc trong: rhse +7, = aT =120pm 16n hon ban kinh cua F~.

1.d) S3 hdc lap phuong con trong: 1x 1+ 12x 1/4 = 4 (hdc).
Do d6 trong | 6 mang co s& c6 s6 ion F™: 8 + 0,25x4 = 9 (ion).
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Trong 1 0 mang co s6 ¢ 4 don vi Caj—YxFa+x, do db: x = —j—— 2 =0,25

— cOng thire: Cao,75Y0,25F2,25
Newu thi sinh két ludn x = 0,25 ma khong tinh todn thi khong cho diém.

2.a) X4c dinh céc chat va vé CTCT:
43,66 56,34

+ Xacdinh A1: P: ()*7.7—2 5 = Al: PsOn
4
+ Xac dinh A2: P:O=%.%—2 3= A2: P4Os
CICT:
Al A2
0 ]
/\P“l‘o /O/ \ \P
/O xo \P ° P\o/o/
04"\0%; \ \/
0 O,
B A P
T~
\
(o]

+ Xdc dinh A3, Ad: P40 + 2H20 — HaPsO1z <=> (HPO3)4 ciu triic vong, ¢6 hai loai céu tric
bén 1a vong 8 (thily phén lién két 2, 3 trong A1) va vong 6 (thuy phan lién két 1, 2 trong Al).
CTCT hai ddng phan A3 va A4:

A3 A4
o on 0
HO\P/ \\\\P< HO\J/O\p<O
0 o/ P C‘» C|> T OH
=0 "Spet” B
B O/I & Sou
/\\ o OH
HO 0
+ Xac dinh AS: P4O10 + 3H:0 — HeP4O13 (cau tric mach thing)

0

p
G W e

OH OH
+ Xdac dinh A8: Dat cong thirc Na,H,P-O,F,
Tilkg:z:t:u= 19’62:50’63 = L5 0 =1:5:1
31 16 19

Choz=1—23x+y=158-31-16x5-19=28 —x=1,y=>5.
CTPT: NaHsPOsF — G la hop chit mudi: Na(HPOsF).2H:20

CTCT cua anion HPO3F~
(@]
P\
HO/ \ _ ¥
o)
+ Xac dinh A9: P.O/F,
33,33 25 40
THgizrbu= o2, 228 086 o o 4 s 1. PO,
31 16 19
P:Oo + 4HPO:F2 — 2P203F4+ 4HPO;
.
2 P
AT
F
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+ Xdc dinh A6, A7 la: P:O1p + 4HF + 2H20 — 4H2POsF
PsO10 + 8HF — 4HPO2F2 + 2H20

A6 A7
ﬂ ‘1
F’-_\ P\
HO/ \ i HO/ -
OH F

+ Xac dinh A10: H,P.F,
_ 0,93 2870 70,37 _

Tilgyiz:u 1:1:4=>A10: HPF4
1 31 19
P:Os + 16HF — 4HPF4 + 6H,O
F
|
_P—H
rd
F

+ Xac dinh A11: (EtN),H,PF,
12,06 36,96
3119
— 130x + y=257-31-5%19=131 — x=1,y =1 — All : EtaN[HPFj]
CAu tric cua A1l
e |

FI”lm P_..\\\\F

|
F,I\H
F

Tilg:zit=

Chit y- Thi sinh vé sai cdu tric ciia A10 (H & vi tri axial) van chdm diém CTCT cua A10.
Thi sinh chi viét cong thicc cau tao cua Al1, khdng can vé cau truc.

VI
(4.0
diém)

1.a) Xét dung dich CO32~ C, = 0,020 M. Trong dung dich ¢6 céc can bang sau:

() CO*+H0 = HCOs +OH" Kt = Bw K = 10757
(2) HCOs =  COgpeg + OH" Kbz = KyxKa™! = 10779
(3) H0 = H +OH- Ky=10""

Vi Kb >> Kb2 — Bo qua cdn bing (2) so v6i can bing (1)
CoxKo1 = 4.28%107° >> K= 10" — B qua su dién li cua nude.
—s pH do can bang (1) quyét dinh. Xét can bang (1):

(1) COs* + H.O = HCO;5 + OH~ Ky = 10397
[1 (0,020-x) X X
2

Taco: K, = —————=10"%" —x=[OH]=1,96x10" M — pOH =2,71— pH = 11,29.
0,020 —x

1.b) Sau khi thém Na2CO3 vao mau nude clmg. ta co:

ca* " ozt 9,5bx107° M: o £ = 8,020x1 =1,00x107M;
1000x100 20 20

Vi sau phan tmg xir Ii thu duge nude mém va ¢6 két tia CaCOs nén ta co:

K, e
[Ca®] 5,00x107"

[Ca¥] = 35,0010~ M — [CO3*] = =8,93x10°M

Phan tng xu li nude cling:
Ca*" + COs*- — CaC0az | Kot=108°
Thanh phan gigi han (TPGH):
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Ca*:5,00x10* M; CO3*: [C?—=(C°' - 5,00x107H)] M; CaCO;s.
Vi [CO3* %K1 = 1,91%107° >> [CO32]xKpz = 2,00x107"%; Ky = 107* nén bé qua can bang thuy phén
néc 2 clia ‘Cng‘ va sur dién li ctia nudc.
Xét cdn bang chinh sau:

(1) COs* + H.0O = HCO;s + OH Ky =102
[] g 03105 y y
, y: -3,67 _ = -5
Tacéd: K, =———=10"" =[HCO3]=4,37x10" M
0 R = g oax10" = =ML ]

— C_, =C2-C%" 45,0010 =[CO5*] + [HCO5] = 8,93x10°° + 4,37x107° = 5,26x10~° (M)

coF

— (%' = 1,45%103 M — D§ cimg ban dau ctia mau nudc la: b= C°'/(9,5x10°°) = 152,63 mg/L

2.a) Sau khi trén, ta ¢é: NiZ* €% = 1,05x10-2 M; Cd*" C*? =1,05x102 M; CN" C*® =0,42 M
Vi C% >> 9% % va By = 17,92; B2’ = 10°%22 rat 16n nén céc phan ting sau diy coi nhur sau ra hoan
toan.
Xét cac phan Ung:

(1)  Ni** +4CN- — Ni(CN)*-

(2) Cd* +4CN- — Cd(CN)s*
TPGH: Ni(CN)s*>: 1,05%x1072 M; Cd(CN)+>: 1,05%1072 M; CN- 0,336 M
- Trong dung dich ¢6 céc can bang sau:

(3) Ni(CN)* = Ni*+4CN- Ks=f-' = 10202
(4)  Cd(CN)~ = Cd* +4CN- Ki=f4' = 1071792

(5) CN"+H:0 = HCN+OH- Ko = KuxKy~' = 107465
(6) H0 = H'+O0H" K= 101

Vi K3, K4 rét nhé va CN~ du nén CN- phén li & can bing (3), (4) khong anh huong dén pH cia dung
dich. Mat khac: Vi €, - x K,=7,52x107° >> K,, = 10~'* nén cén bang (5) quyét dinh pH.
Xétcanbing (3)  CN- +  H:0 = HCN +  OH  Kp=10"
[1  (0.336-x) x x
2
X

Tacéd: K, =——

T 107*% — x=[OH7] =2,73x10> M — pH = 11,44
5 — X

2.b) Sau khi thém Na;$ thi dung dich gbm:
_ 1,05x107x2,00

Ni(CN)4*>: Cy =1,00x107 M;
2,10
CACNY-; Gy = OO X200 ) 102 M,
2,10
0,336x2,0
ON= i = 2220X4 00 _pgn 1
2,10
g2y = SL0x042 2,00x107 M
2,10
Gia st trong hdn hop R ¢ két tua CdS, phan tng:
(1)  Cd(CN)s*> + 8* — CdS + 4CN- Ky =10%!®
Vi K, rét 16n nén coi phan img I hoan toan — TPGH trong hdn hop R:
Ni(CN)*~ 0,0100 M; CN- 0,360 M; S 0,0100 M; Cds.
Khi do, trong dung dich c¢6 cac can bing sau:
(2)  Ni(CN)s> = Ni* +4CN- Bat = 107302
(3) CdS+4CN- =  Cd(CN) +8* K2 = BaxKa = 10"
(4) S*¥+H0 = HS +OH- Ko1 = Ky Ka2™' = 107!
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(5) HS +H:.0 = HS+OH" Ko = Kooy = 10759
(6) CN-+H,0 = HCN+OH- Ky = Kax K1 =109
(7)  H.0 = H'+OH" Boe=107H
Vi:
% Phéi tir CN- du va B4~ rit nho nén coi phirc chét Ni(CN)s>~ phan li khong déng ké.
% K> rét nho va lugng S* con du nén gia thiét lugng S> tan ra & can bang (4) khong anh huéng
dén pH cua dung dich.
@ C, xK, =794x107 >> C, xK,, = 107%; K = 107" nén can bang (4) va (6) quyet
dinh pH cua hé.
Biéu thirc bao toan OH™:
[OH7] =[HS™]+ [HCN]

O = G e L,
[OH ]+ K, N [OH ] + K,
-1 —4,65
[OH']zO,Ol—}O—_H+ , 6}404—“
[OH ]+ 10 [OH ]+ 10

— [OH]=9,73%x10"M — pH = 11,99.

Khi do, thanh phan can bang nhu sau:

[S¥] = 1,095%107% M; [CN-] = 0,359 M; [Ni(CN)s*"] = 0,0100 M; CdS

- Goi y 1a d6 tan ciia CdS. Vi CN~ du va gs = 1017 rat 16n nén Cd*” tan ra trong dung dich chi yéu
& dang [Cd(CN)4>], nghia la: y = [CA(CN)s*] = [Cd*"]xB4’x[CN]* (I

Vi trong hé dang gia thit c6 két tia nén [Cd*"] = Ko/[S*] = 7.25%107 M.

Tir (I), suy ra: y = 1,00x1077 M << C%=0,0100 M — CdS khéng tan hét.

Suy ra, gia sir trong R ¢6 két tia |4 dang.

Kiém tra gia thiét: D§ tan ctia CdS =y << C, =0,0100 M nén S*~ tan ra tir CdS khong anh huong
t6i pH la dang. } o

Néu thi sinh ddanh gia nhu sau thi van cho di so diém.

Vi:
& Phéi tir CN- du va B+~ rit nhé nén coi phirc chat Ni(CN)4*~ phan li khéng dang k.
% K> rit nho va luong S? con du nén gia thiét luong S* tan ra & can biing (4) khong anh huong
dén pH cua dung dich.
2 Co xK, =7.94x107 >> C. xK,, = 1008, C *Kn = 8,06x10° ; Ky = 107" nén cén
bing (4) quyét dinh pH cua hé:
Xét can bﬁng (4):
go= -+ H0 <  HS + OH- Kei = 107"
[] (0,01 —x) X X
2
K, =———=10" —x=[OH]=898x10M — pH = 11,95.
0,01-x

Khi d6, thanh phin can bang nhu sau:

[S] = (0,0100 —x) = 1,02x107 M; [CN"] = 0,359 M; [Ni(CN)s*] = 0,0100 M; CdS

- Goi y 14 d6 tan cta CdS. Vi CN- du va f4° = 10?2 rét 16n nén Cd** tan ra trong dung dich chu yéu
& dang [Cd(CN)s¥], nghia la: y = [CA(CN)4*7] = [Cd*"]*Ba’x[CN]* 0

Vi trong hé dang gié thiét c6 két tia nén [Cd*"] = [é(—z] =7,79x1072* M.

Tir (1), suy ra: y = 1,08x10”7 M << C”? = 0,0100 M — CdS khong tan hét.
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Suy ra, gia sir trong R co két tua la dung.

Kiém tra gia thiét: D9 tan cia CdS =y << C,.-=0,0100 M nén S~ tan ra tir CdS khdng anh hudng
toi pH la dung.}

Mat khac: Tu can bang (2), ta cd:

[Ni(CN)"] _ 0,0100

B, x[CNT' 102 x0,359"
Khi d6: [Ni*]x[$*] =3,97x10** <K = 10"'%" — Khong c6 két tia NiS.
Vay, trong hdn hop R chi ¢6 két tia CdS.

Khi d6, khdi luong CdS 1a: m = (0,0100 - )<144,4x2,1x10” = 3,03x102 gam.

[Ni*] = =3,63x10°' M

3.a) Khéi lugng borax rin can dung: m =0 ,05%0,1x381,2 = 1,906 gam

Cdch pha: - Can chinh xéc 1,906 gam borax rén, chuyén vao cdc thuy tinh va hoa tan hoan toan bang
nude cat.

- Chuyén hét lugng dung dich vao binh dinh mirc 100 mL; trang coc va diia thiy tinh 2-3 l4n va chuyén
toan bd nudc trang vao binh dinh mrc.

- Thém nudc cit dén khoang 2/3 binh, lic déu; thém tiép nude cat va dinh mire dén vach.

- Pay nap va tron déu dung dich.

Thi sinh néu dwgc cdc y chinh sau sé cho du diém:

+ Cdn chat ran, hoa tan bang nudc cdt

+ St dung binh dinh mire 100 mL dé pha.

+ Dinh mirc dén vach bang nwoc cat, tron déu dung dich.

3.b) Cach doc dung la cach I

3.c) Nong do HCI tinh dugc tir két qua chudn dg sé nho hon so véi nong do thue.

Giai thich: Khi pha trong binh dinh mirc ¢6 thé tich nho hon 100 mL, nong do borax thyc t& (Cibue)

pha dugc s€ cao hon so vdi gia tri da biét (C,). Tuy nhién, nguoi lam thi nghiém khong biét gia tri

thuc, chi biét gia tri tinh theo thé tich binh 4 100 mL (C,). Do d6, khi chuan dé ¥, mL dung dich borax

chuan dé sé& tiéu ton thé tich HCI 16n hon so v6i trudng hop binh dinh mae ding 100 mL. Nghia 1a thé

tich doc duge trén buret (¥1) 16n hon so vai thé tich HCI ding (¥p) hay Fr > Fp. Khi tinh todn, ta thay:
2C. ¥

o0 0" 0

< CHC],thuc =
T D

Thi sinh c6 thé Idp ludn theo néng g, néu dimg van cho du diém.

CHcl, tinh =

Téng diém toan bai: 20,0 diém

Trang 11/11



