BOQ GIAO DUC VA PAO TAO

HUONG DAN CHAM DE THI CHINH THU'C

(Huwéng dan gom 16 trang)

I. HUONG DAN CHUNG

KY THI CHON PQI TUYEN OLYMPIC NAM 2020

Mén: HOA HQC
Ngay thi thtr nhat: 27/6/2020

1. Giam khao chdm dung nhu dép an — thang diém ctia Bo Gido duc va Pao tao.

2. Néu c6 cau nao, y nao ma thi sinh c6 cach tra 161 khac so vdi dap 4n nhung dtng thi van cho diem

t6i da cua cau do, y d6 theo thang diém.

3. Giam khao khong quy tron diém thanh phan, diém cta timg cau va diém cta bai thi.

II. PAP AN —- THANG DIEM

Cé4c hang sé va phwong trinh

Cho:H=1;C=12; N=14;0=16;P=31; S=32; Cl=35,5; K=39; Fe =56; Ru=101; Cs = 133;
Ce=140; Gd=157; Hg=201; Zg =5; Zc =6; Zn=7; Zo = 8; Zp = 15; Zry = 44.

Trong bai thi nay, hoat d6 caa céc tiéu phan trong dung dich nude duoc coi xap xi bang nong do twong
ng tinh theo mol-L ™. Chat khi, hoi dwoc coi 1a khi li twong.

Hing s6 Avogadro:

Hing s6 khi li tuong:

S6 pi

Ap suit khi quyén:

Khong do theo thang Celsius:
Hing s6 Faraday:

Hing s6 Planck:

Téc d6 anh sang trong chan khong:
Dién tich nguyén té:
Electron-volt

Quan hé Planck-Einstein:
Phuong trinh khi 1i tudng:
Nang luong tu do Gibbs:

Chi s6 phan tng O cho mdt phan g
aA(ag) + b B(ag) =c C(aq) + d D(aq):

Phuong trinh Henderson—Hasselbalch:
Phuong trinh Nernst—Peterson:
trong d6 Q 1a chi s6 phan g clia ban phan tng khir

Dinh luat Beer—Lambert:

Na = 6,022:10%% mol™!

R =18,314 J-mol -K!

r=3,1416

Pam = 1 atm = 1,013 bar = 1,013%10° Pa
273,15 K

F = 96485 C-mol!

h =6,626x1073*J-s

€ =2,998x108 m-s™!

e=1,602x10""° C

1eV =1,602x107"J

E=hv=hcld
pV =nRT
G=H-TS

AG® = —RT InK®
AG® = —n F Epin®
AG = AG° +RT InQ

, _ CIDI
[A]*[B]°
H=pK, +lo A
p Pi, g[HA]
EZEO—R—n;an

6T =298K, ’%hﬂo ~0,0592 V

A=¢lc
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Cau 1 Y 11a | 11b | 1.2a | 1.2b | 1.2¢c | 13a | 1.3.b | Tong
(4 diém) | Thang diém | 2/4 2/4 2/4 2/4 2/4 2/4 4/4 4,0

DPiém cham

Caul

1.1.

a) Panh dau X vao (cac) 6 phuong an ding khi so sanh ning luong ion hoa thi nhat ctia nguyén tir va
phan tir twong Gng. Giai thich ngan gon véi truong hop cua flo.

A. 11(H2) > 11(H) B. 11(H2) < I1(H) C. 11(F2) > 11(F) D. I1(F2) < I1(F)
Dap an ding: A: M B: [ ] C:[] D: ™
Giai thich:

Cau hinh electron hoa tri ciia phan tir F
2 *2 2 2.2 *2 . %2
0350250, (nxny)(nx Ty )

Electron c6 ning luong cao nhat ciia F» thubc MO 7* ¢6 ning lugng cao hon AO tuwong tGng (&

nguyén tir F) — Ning luong ion hoa thir nhat ctia F, thap hon cia F.

b) Nang lrong ion hoa 1s (thuc nghiém) cta F trong HF va F» 1an luot 14 66,981 va 67,217 MJ-mol ™.
Hay giai thich vi sao c6 su khac nhau nay mac du electron 1s khong tham gia vao viéc hinh thanh lién
két H-F ciing nhu lién két F-F.

Nang lugng ion hoa 1s cua F bi anh hudng boi luc hat tir 2 hat nhan ctia phan tu. Nang luong ion
héa nay s€ 16n hon khi bi 2 hat nhan hit manh hon.

Khac véi cip lién két F-F, cap electron lién két trong H-F 1éch vé phia F nhiéu hon nén gay tac dung
chan 16n hon v6i hat nhan H — giam lyc hat tir hat nhan H — ning luong ion hoa s cua F trong
HF nho hon

1.2. Phuong phap nhiu xa neutron (notron) duoc st dung rong rai trong viée xac dinh céc tinh chit
va cAu tric cua chat. Mot yéu cdu quan trong trong phuwong phép nay 1a cac neutron phai c6 budc song
de Broglie ngin va chuyén dong theo cuing mot hudng. Diéu nay co thé dat duoc bang cach st dung
cac may gia tdc neutron ning luong cao.

a) Neutron c6 kha ning ddm xuyén vat chét rat 1on, chang han dé dang xuyén qua 16p chi kim loai day
10 cm. Hay néu cac nguyén nhan dé giai thich kha ning ddm xuyén ndy cuia neutron.

Neutron 1a hat khong mang dién nén khong bi can trd bdi hat nhan ciling nhu 16p vo electron nguyén
tr mang dién. Thém vao d6, nguyén tir gan nhu c6 ciu trac rong boi khoang cach rat 16n giira cac

hat nhén va 16p v6 nguyén ttr.

b) Téc do cua neutron cé thé dugc tinh tir cong thire v = /3kgT/m, m 1a khdi luong ciia neutron
(1,67x107%" kg), ke 12 hang s6 Boltzman (1,38x1072* m>kg-s2-K™"). Hay xac dinh nhiét d6 can ap dit
1én neutron dé thu dugc neutron c6 budc song de Broglie 14 0,2 nm.

Str dung cong thirc tinh budc song de Broglie tinh dwoc van tdc twong g ciia neutron
h h 6,626 x 10734
A=—>v=

mv mA 167 x10-27.02 x 10-°
Thay tdc do tinh duoc vao hé thirc v = (3ksT/m)*?2

=1,98 x103m/s
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198 x 10° — 3.1,38 X 10-23,T
’ - 1,67 x 10~27

Tt d6 tinh duge T =158 K

¢) Vi sao khi xac dinh ciu tric cta chat bang phuong phap nhidu xa neutron, dong neutron c6 nhiét
d6 thap lai dugc dung phd bién.

Néu str dung dong neutron nhiét do cao thi c¢6 thé giy nén sy pha huy cau triic can xac dinh boi nhiét

1.3. O trang thai co ban, nguyén tr Bo va cac ion ctia nd (goi chung 13 vi hat) déu c6 ning lugng xac
dinh.

a) Viét ki hiéu vi hat ing v6i cau hinh electron va ning luong; tinh cic ning lwong ion hda ciia nguyén
tir Bo vao bang sau:

Cau hinh | Ning lwong”™ | Ki hiéu vi hat Nang luwgng ion hoa
(eV) (eV)
1st —340,000 B4 Is = 340,000 eV
1s? —600,848 B%* I, = 260,848 eV
1s%2st 637,874 B?* I3 = 37,026 eV
1s%2s? —660,025 B* I, =22,151 eV
1s22s22p? —-669,800 B I, =9,775eV

*

Dau “~” biéu thi nang luong tinh dugc khi electron con chiu lyc hat ctia hat nhan.

b) Néu nhitng nguyén nhin gy ra sy bién doi cac ning lwong ion hoa cuia nguyén tir Bo.

Giai thich:
Tir két qua thu duoc (xem bang trén), taco 1 < I, < I3 < I4 < Is la do:

- Sb electron trong nguyén tir hodc ion cang it thi twong tac day giira cac electron cang nhd, su che
chin cta ching dén electron khao sat cang nhé nén luc hut cia hat nhan dén electron nay cang 16n,
didu d6 co nghia 1a Iyc hat ctia hat nhan dén cac e trong M** 16n hon trong M&*, phai ton ning
lwong 16n hon dé tach le tiép theo khoi MX*, nghia 13 I.1) < Ik nhu thdy véi Bo.

- Electron cang gﬁn hat nhan thi bi hat nhan hat cang manh, nang lugng phai tiéu ton dé but electron
khoi nguyén tir hodc ion cang 16n nén céc electron ¢6 s lwgng tir chinh n = 1 gan hat nhan hon s&
c6 nang lugng ion hda 1on hon cac electron c6 n = 2.

- CAu hinh electron cua phan l6p bao hoa hoac nura bao hoa la cau hinh bén, do d6 but electron ra
khoi cau hinh bdo hoa hodc nira bio hoa khong thuén lgi veé mat nang lugng, can tiéu ton nang lugng
nhiéu hon.

(Néu duoc chiéu huong %, va moi nguyén nhdn %)
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Y |2la|21lb|2lc|22a|22b|22c|23a|23b| 24 | 25 | Téng
Cau2 [ Thang
(3 diém) | gidm 1/4 1/4 1/4 1/4 1/4 1/4 2/4 1/4 2/4 1/4 3,0
Dicf:m
cham
Céau 2

Cacbon monoxit (CO) 1a khi khong mau, khong mui va rat doc. CO c¢6 kha ning tao phiic véi
hemoglobin trong mau, 1am ngan can sy ¢d dinh va van chuyén oxy cta hong cau dan téi cé thé gay
tr vong & ngudi. Vi vay, ham luong CO trong khi thai can dugc kiém soat. Trong mot s6 truong hop
can thiét phai chuyén héa CO thanh cac san phim khong doc hai hodc it doc hai hon.
Qua trinh chuyén héa CO trong pha khi bang hoi nudc nhu sau:

CO(K) + H20(K) [ CO2(k) + Ha(k) (1)
2.1. Biét hang sb can bang Kp ctia phan g (1) giam 0,36% khi ting nhiét d ctia phan tmg tir 1100
Ién 1101 K.
a) Tinh AH° trong khoang nhiét d6 1100-1101 K tir hang sé can bang. Gia sit AH® ctia phan tng
khong d6i trong khoang nhiét do nay.
Tinh toan:
Tur phuong trinh Van’t Hoff ta c6

I‘(F’
K 0 R-I-l-rzani2
In R = —-fél:[_.(_!L __j%_) = Z&}{ o _ —————————___ii_
K, R T, T, T
4 0,9964K,
8,314.10 .1100.1101IHK71
= AH7 = 1101-1100 1 =-36,3kl.mol”

AH® = =36,3 kJ-mol™' (viét két qud vdi 1 chir s6 sau dau phdy)

b) Pé xuét gia thiét thich hop dé tinh A/H® & 1100 K tir cac dir kién nhiét dong cho ¢ bang sau:

Chat CO(K) CO2(k) H20(Kk) Ha(Kk)
AHs0g (KJ-mol 1) -110,4 -393,5 —241,8 0,0
C; (J’K mol ™) 28,6 37,1 37,5 28,6
Tinh toan:

Gia thiét Cp ctia cac chat khong doi theo nhiét do.
AHg = A Hogco, +ArHasn, = A Hogco = A Hagg 0 = —41,3kJ.mol ™
ACS =C2o, +C2 . —Cp o —Coh0 =—0,4J.K ™ .mol

Tur phuong trinh Kirchhoff ta cé
AH.,, = AH2,, + AC2 (1100 - 298) = —41,3-0,4.10°.802 ~ —41,6kJ.mol

1100

AHo= —41,6  kJ-mol™" (viét két qua véi 1 chit s6 sau dau phay)
¢) Giai thich sy khac nhau vé gia tri ciia A/HO tir y 2.1.a va 2.1.b.
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Vi trong khoang nhiét d6 1100 — 1101 K AH° khong d6i nén ArH®1100 = A/H°=-36,3  kJ-mol !
ArHO tinh theo gi4 tri nhiét dong 1a A/H® = —41,6 kJ-mol ™!

Gia tri AHC tinh theo dit kién nhiét dong khac gia tri tinh tir hang sd can bang.

Diéu nay c6 thé dugc giai thich 1a do trong cach tinh nay di coi trong khoang 298-1100 K, Cp ctia

cac chit khong phu thudc vao nhiét do. Trén thuc té Cp 1a dai lwgng phu thudc vao nhiét do.

2.2. Hﬁng s6 can béng Kp c6 thé duoc xac dinh theo do phan li ciia mot chat trong can bﬁng hoa hoc.
a) O 1500 K, tai 4p suét chung ctia hé 1,0 bar, nudc bi phan i theo phan tmg (2), d6 phan li cia nude
xac dinh duoc 14 2,21x107*, Tinh hang s6 cin bang Kp clia phan tng (2).

H20(k) [ Ha(k) + 1/202(k) 2

Tinh toan H20(k) [ Ha(k) + 1/202(k) 2
Ban dau: 1
Phan li: o o 0,50
Can bang: (1- o) a 0,50

_ a(0,5a)"?P"?
PO (1-a)(1+0,5a)?
Kp = 2,32x1076
b) Trong diéu kién nhiét do va ap suat twong tu y 2.2.a, 4o phan li cua CO; theo phan tmg (3) 1
4,80x107*. Tinh hing sb can bang Kp caa (3).
CO2(k) [ CO(K) + 1/202(k)  (3)

Nén K =2,32x107°

Tinh toan:
Tuong tu tinh Kp d6i v6i phan tng (3)
12 plu2
by = POSPY P 77 = 1,44x10°
1-5)1+0,55)

Kp = 7,44x1076
¢) Tinh hang s can bang K; ctia phan tng (1) & 1500K.
Tinh toan:
Mat khac phan tng (1) = phan ing (2) — phan trng (3)
Koy 2,32x10°
Ko 7,44x107°

Hang s can bang ciia phan tng (1) 1a: K, = =0,312

Kp = 0,312

2.3. Mot hdn hop khi thai gobm 10 mol CO, 30 mol CO2 va 90 mol Na.
a) Tinh s6 mol H20 can phai thém vao hdn hop nay dé & trang thai can bang (1500 K va 1,0 bar) luong
CO con lai 1a 1% so véi lwong ban dau. Cho biét ¢6 nén sir dung nudc dé chuyén hda CO trong truong
hop nay hay khong? Danh déu X vao phuong an chon. Giai thich cho sy Iya chon.
Tinh toan:

Tai thoi diém lrong CO con lai 1% so véi ban dau, lugng CO da phan tng 1a 9,9 mol. Goi

n 1 s6 mol H20 can thém vao hé, ta co:
CO(K) + H2O(k) [ CO2(K) + H2(k) Kp=0,312

Ban déu: 10 n 30
Phantng: 9,9 9,9 9,9 9,9
Canbang: 0,1 n-9,9 39,9 9,9
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TacoK, = Feo,Pi, _ Moo, Mn, N 39,9.9,9
) 0,1(n-9,9)

Peo PHZO NeoNh,0

Nén: [] Khong nén: M4

Giai thich:

Viée sir dung H20 dé oxi hoa CO trong truong hop nay khong kha thi vi phai dung lwong H20 qué
16n (gép gan 12670 lan luong CO ban dau).

=0,312 = n=12670,5 mol

b) Tinh ap suat riéng phan (bar) cta cac chat tai thoi diém can bang.
Tinh toan:
Tai thoi diém can bang, tong s6 mol khi trong hé:
n = Ngo + Ny,o + Nego, + Ny, + ny, = 12800,5 mol

Ap suat riéng phan cua céc chat tai thoi diém can bang
0,1

_ 0 N —6 _12661,5 -
€0 = 28005 X 1,0 ~ 7,81.107° bar Py,o = 800 < 1,0 ~ 0,989 bar
co, = 399 x 1,0 ~ 3,12.1073 bar Py = 2.9 x 1,0 ~ 7,73.10™* bar

12800,5 2 = 128005
Py, = 20 x 1,0 ~ 7,03.1073b
"> 7128005 T ar

2.4. O nhiét do va ap suat cb dinh, hdn hop ban dau chi gdm CO, H,0 va N2. Xéac dinh ti 1¢ sé mol
CO/H0 ban dau dé tai thoi diém can bang phan mol cua CO2 dat gia tri 16n nhat.
Tinh toan:

Xét can bang

co + HO0 [ CO, + H2 Kp

Ban dau a 1-a
Phan ung X X X X
Can bang (a-x) (1-a-x) X X
2
Tac6 K, = X = (1-K,)x+ K x—K,a+K,a>=0 (1)
(a—x)(1-a-x)

Vix 1a ham cta a (x = x(a)) nén tai Xmax phai co: % x(a)=x'(a)=0 (2)

Pao ham (1) theo a: (1-Kp).2x.x’(a) + Kp.x’(a) — Ky + 2aKp =0
Két hop véi (2), thu dugc a=1/2.
Vay ngoiNy o = 1 thi lugng CO; 1a 16n nhat.
Ti 1¢ s6 mol CO/H20 =1
2.5. Hay cho biét chiéu huéng chuyén dich can bang ctia phan tmg (1) néu thém hdn hgp gom CO va

N2 vao hon hop phan ung ¢ trang thai can béng trong diéu kién nhiét do va ap suét cua hé duoc gitr
cb dinh (danh dau X vao phuwong an chon). Giai thich.

Chuyén dich theo chiéu: Thuan M; Nghich[ ]; Khéng chuyén dich: []

Giai thich:

Theo nguyén li can bang Le Chaterlier, thém hdn hop CO va N2 vao hdn hop phan tng & thoi diém

can béng trong diéu kién T, P duoc gitr ¢ dinh s& lam can bﬁng chuyén dich theo chiéu tiéu thu
CO, tirc 1a theo chiéu thuan.
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CAU 3 Y 3.la 3.1b 3.1c 3.1d 3.2 Tong
(3 diém) Thang diém 214 2/4 2/4 2/4 4/4 3,0
DPiém chim
Céau 3

3.1. Cho phan tng:

2NO2(k) + Fa(k) — 2NO2F(K) (1)
Thi nghiém 1: Thyc hién phan ung (1) trong mot binh kin c6 thé tich V (c6 thé thay d6i thé tich cia
binh bang mdt pittong). Trong binh ban dau chi cd NO, va F> véi ap suat tuong timg 14 0,5 bar va 1,5
bar. Trong cac diéu kién dé, tdc d6 dau vo1 = 3,2x107° mol-L s ™', Biét rang téc do phan tng (1) chi
phu thudc vao ndng do cac chat tham gia phan tng.

a) Thi nghiém 2: Thuc hién phan ung (1) véi cing nhiét do va ciing nhiing lwong ban dau ciia chat
phan tmg nhu thi nghiém 1 nhung thém mot khi tro vao binh dé cho thé tich thanh 2V, 4p suét tong
van bang 2 bar thi tc do dau vo2 = 8,0x107* mol-L™"-s™'. Két qua nay c6 cho phép thiét 1ap phuwong
trinh dong hoc (biéu thirc toc dd) cua phan Gmg hay khong (danh ddu x vao phwong an chon)? Giai
thich.

co:[] Khong: M

Giai thich:

Trong thi nghiém 2, khi thém khi tro dé tong thé tich tang gip doi thi PNO, va PF, déu giam 2 lan

s0 v6i trong thi nghiém 1. Nghia 1a ndng do ctia chiung giam di 2 1an (vi Pa = Ca RT), con toc do

phan tng giam 4 1an.

Tir do, chi c6 thé két luan bac ciia phan tng 13 2. Phuong trinh dong hoc c¢6 thé ¢6 cac dang sau day:
v = K[NO2][F2] hodc v = Kk[NO2]*> hoic v =k[F2]%...

b) Thi nghiém 3: Thuc hién phan ing (1) v&i nhiét d6 va nhirng lugng NO2, F2 va khi tro nhu thi
nghiém 2 nhung giam thé tich xudng bang V/2. Tinh gia tri tbc d6 dau vogs.
Tinh toan:

O thi nghiém 3, PNO, va PF, déu tang gép 2 so v6i thi nghiém 1. Lap ludn nhu trén ta théy tdc do
dau ¢ thi nghiém 3 phai bang 4 1an tc d6 dau ¢ thi nghiém 1.
Do vay: Vo3 = 4x3,2.10 3 mol-L!s 1 =1,28.10 2 mol-L 157",

Vo3=1,28.10"2 mol-L'-s7!.

c) Thi nghiém 4: Thyc hién phan Gng (1) & cung nhiét d6 v6i cung lugng ban dau ciia cac chat
phan g nhu thi nghiém 1, nhung thém khi NO, dé ap suat tong bang 4,0 bar ma van giir thé tich
binh 12 V, thi toc do dau vos = 1,6x1072 mol-L™"+s™'. Két qua nay cho phép két luan nhu thé nao
vé phuong trinh dong hoc ctia phan tng (1)?

O thi nghiém 4, PF, khong doi, PNO, = 4 — 1,5 = 2,5 (bar).

Nhu vay, PNO, tdng gap 5 lan so vé6i thi nghiém 1, con toc d6 dau cua phan ung tang 5 lan.

Vay phuong trinh dong hoc ctia phan tng la: v = k[NO2][F2].
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d) P& xuat co ché phan tng (1).

Cin cir vao phuong trinh dong hoc cta phan tmg, co ché ciia phan g c6 thé 1a
NO2 + F2 — NOzF + F (cham)
F+ NO2; — NOzF (nhanh)

3.2. Trong mot khao sat dia chat, mot mau khoang vat dugc phat hién va duoc cho 14 tir mot vu va
cham cua thién thach v6i Trai Dat. Phan tich thanh phan ciia mau khoang vét nay thu duoc céc sd liéu
sau day:

n(*3U) _ . nCgPb)
06pr. 17V 204
n(“g;Pb) n(“g,Pb)
Trong d6, n 1a s6 mol ctia cac dong vi tuong tng ghi trong dau ngoic.

=75,41

Biét: chu ki ban r cta 2%8U 14 4,47x10° ndm; chi tu nhién c6 4 dong vi bén c¢6 thanh phan cho trong

bang sau:
Dong vi 204pp 205pp 207pp 208pp
Phan tram khoi luong 1,4 24,1 22,1 52,4

Gia str khi hinh thanh, mau khoang vat ndy da c6 chira san chi tu nhién.
Xéc dinh vu va cham da xdy ra cach day bao nhiéu nam?
Tinh toan:

238,
Trong mau da % =8,17
n(*, Pb)

. - 1
— Néu c6 1 mol 28U trong mdutacé  N(‘5Pb) = YT 0,1224 mol

0,1224
n(%,Pb)=———m

24,1
n(**Pb) _ 206 _
n(PD) 14

204

Ti s6 mol cua 2°6Pb va 2°*Pb trong tu nhién la:

0,1224

S6 mol 2°6Pb vén c6 trong tu nhién ngay trude vu va cham 1a: x17,05=0,0277 mol

S6 mol 2%Pp sinh ra do su phan ra 238y trong mau 1a: 0,1224 —0,0277 = 0,0947 mol.
Néu hién nay con 1 mol 23U thi s6 mol 28U khi mau d4 moi hinh thanh 1a: 1,0947 mol.
Theo phuong trinh N°= N.e* = N.e(0,:693/2)t t4 ¢4

0,693t 9
w:etﬂ2 :>In1,0947:L939t :t=|n1,0947M
1 4,47 %10 0,693

Thoi gian: 5,84x108 niam

=5,84x10° nam
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Y 4.1 4.2.a 4.2.b 4.2.c Tong

Cau 4 .
(3,5 diém) Thang diem 2/4 4/4 4/4 4/4 3,5

DPiém cham

Cau 4
4.1. V& chu trac khong gian cua phan tir photpho tring, tir do giai thich kha ning hoat dong hoa hoc
manh cta don chét ndy.

Cau tric khong gian ciia photpho trang:

Giai thich:

Chi ra duoc goc lién két P-P-P 1a 60 ° nho hon nhiéu so véi goc li thuyét (theo VSEPR, lai héa) 1a
109 ° 28’ nén bi ép nhiéu va phan tir c6 lyc cing 16n — phan tir kém bén viing — hoat dong hoa
hoc.

4.2. Khi dun ndng photpho trang v6i dung dich KOH thi thoat ra mot khi khong mau, lam hoa den
gidy 4m tam AgNOs. Tir dung dich con lai, tach duoc mudi M1. Mit khac khi cho photpho tring phan
g v6i dung dich KMnO4 trong KOH dic & nhiét d6 thap, tir dung dich tach duoc mubi M2. Khi cho
M1, M2 tac dung riéng r€ véi axit HoSO4 lodng, du thu dugc axit Al va axit A2 tuong ng. Dung
dich chtra 1,650 g Al sau khi cho phan tng véi lwong du HgCl, thu duoc 23,65 g két tua trang Hg,Cla.
Dung dich chira 2,025 g A2 phan tng vira da vai 20,0 mL dung dich KMnO4 0,250 M trong moi
truong axit. Biét phan tram khdi lwgng photpho trong Al va A2 lan luot 13 46,970% va 38,272%. Al
va A2 nghich tir, phd 3P NMR cia Al va A2 chi c6 mét tin hiéu (trong phdn tr c6 mot nguyén tir
photpho hoac c6 cac nguyén tur photpho tuong duong).

a) X4ac dinh va v& cong thirc cdu tao ctia Al.
Tinh toan:

Gia st Al c6 cong thirc 14 1a HePyO, v6i s6 oxi hoa trung binh ctia P 1a n
Do P chiém 46,970% khi lugng Al nén:
1Y = 0,4697 - x+3Ly+16.2=66.y — X + 16.2= 35y (1)

x+3Ly+162
A1 phan tng v6i HgCly tao ra két tia tring 1a Hg,Cly

Qua trinh trao d6i electron:

2Hg?" + 2e — Hg?* n(Hg2Cl2) = 0,05 mol — n(e trao dbi) = 0,1 mol ()
P - P+ (5-n)e

n(Al) = 1\41(’251) = :TE;SI = 0’(;—25 — n(e trao déi) = %.y. (5—n)=0,025.(5—-n) (3)
Tur (2) va (3) ¢6: 0,025.5-n)=0,1 > n=1—-x+y=22 4)
Tu(l)va(4)céd:x:y:z=3:1:2— CTPT cta Al: (H3sPO2)n

S6 oxi hda +1 cua P thoa man tinh nghich tir caa AL nén Al la HsPO,.
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Cong thirc ciu tao ciia Al:

HO——P—H

b) Xac dinh va v& cong thirc cdu tao ciia A2.
Tinh toan:

Tuong tu v6i Al, gia st A2 c6 cong thirc 13 13 HPyO; v6i s6 oxi hoa trung binh ctia P 1a n
Do P chiém 38,272% khdi lugng A2 nén:
1Y 0,38272 > x+3Ly+16.2=8l.y > x + 16.2=50.y (5)

X+31y+162
A2 phan ting vdi KMnOj4 trong mdi trudong axit

Qui trinh trao ddi electron:

MnO4~ + 5S¢ — Mn?*

n(MnO4") = 0,005 mol — n(e trao d6i) = 0,025 mol (6)
P™M — P*® +(5-n)e

2,025 _ 2,025 _ 0,025 ey _ 0,025 N _
n(A2) = MaD = iy — n(e trao do6i) = =Y (5—-n)=0,025.(5—n) (7)

Tu (6) va (7) c0: 0,025.(5-n)=0,025 >n=4 5> x+4y=2z2 (8)
Te(S)va(8)co:x:y:z=2:1:3— CTPT cua A2: (H2PO3),

Do sb oxi hda trung binh + 4 cta P nén dang monome H2PO3 khdng thoa mén tinh nghich tir do ¢6
electron doc than — dime hoéa va CTPT cua A2 la H4P206

Do chi c6 mot tin hiéu cong huong trén phd 3P NMR nén A2 sé& c6 ciu tao ddi xang.

Cong thirc cAu tao ciia A2:

O
o

HO OH

O—T
O——T

¢) Viét tat ca cac phuong trinh phan ing da xay ra.

Phwong trinh héa hgc cia cac phin irng:
Ps + 3 KOH + 3 H,0 — 3 KH2PO> + PH3?
2KH2PO2 + H2SO4 — 2H3PO; + K2SO4
H3PO; + 4HgCl; + 2H,0 — H3PO4 + 2Hg2Cl; + 4HCI
P4+ 16 KMnO4 + 24 KOH — 2 K4P206 + 16 KoMnO4 + 12 HO
K4P20¢ + 2 H2SO4 — H4P20¢ + 2 K2SO4
5 H4P206 + 2 KMNO4 + 3 H2SO4 + 2H20 — 10 H3PO4 + 2 MNnSO4 + K2SO4

Thi sinh khéng can bang phwong trinh phan ing chi dege nira sé diém.
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i Y 5.1 5.2 5.3 5.4 Tong
Cau s -
(4 diem) Thang di€m 5/4 3/4 4/4 4/4 4,0
Diém chdm
Cau 5
Cho ddy chuyén hoa sau:
HCOOH HCOOH HCOOH
» X1 > X2 — X3
HCl ®E, CsCl, t° HCl ®&, t° HCl @&, t
RUC|3
KCI ®E KNO, 1) HCHO
> X4 » X5 ————» X6
H2304 10-ng 2) KCN

5.1. Lap luan dé xac dinh cong thirc phan tir cia cac phirc chét tir X1 dén X5. Biét tir X1 dén X5 déu
1a phtrc chat don nhan, anion phirc ¢6 kiéu phéi tri bat dién. Cac phirc chat X1, X2, X3 va X5 déu
nghich tir. Phan tram khdi lwong ruteni va clo trong cac phtic chat duoc cho trong bang sau:

X1 X2 X3 X4 X5
% Ru 14,316 17,876 23,793 23,434 26,132
% ClI 25,159 25,133 25,088 49,420 45,925
Lap luan
X1:
Ru:Cl=2318.2919 _ 4 . 5, M(X1) = 7055

101 ° 355
Do phirc don nhan chira anion phuc bat dién nén X1 c6 dang Csx[RuCls(L)]
Trong quy trinh HCOOH + HCI dic 1a nguén CO nén du doan L: CO
— X1: Cs3[RuCls(CO)] (thoa man gia tri M(X1))

X2:
Ru:Cl=22870. 2213 _ 1.4, M(X2) = 565
101 35,5
Trong quy trinh HCOOH + HCl dic 1a nguén CO
Do phttc don nhan chira anion phirc bat dién nén X2: Csz[RuCls(CO)2] (thoa méan gia tri
M(X2))
X3:
Ru:Cl=272.298 _ 1.3 _, M(X3) = 424,5

101 35,5
Trong quy trinh HCOOH + HCI dic la nguon CO
Do phirc don nhan chira anion phtrc bat dién nén X3: Cs[RuCIz(CO)s] (thoa man gia tri
M(X3))

Trong cdc phire chdt X1, X2 va X3, ion trung tam Ru?* (d®) trong phuc bat dién trieong manh nén
céac electron trén obitan d cap doi va do do cac phirc nay nghich tae.
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X4:
23,434 . 49,420

Ru:Cl==5=:=" = 1: 6 — M(X4) = 431
Do phirc don nhan chira anion phuc bat dién nén X4: Ks[RuCls] (thoa mén gia tri M(X4))

X5:

26,132 45,925

Ru:Cl= : =1:5— M(X5)=386,5
101 35,5

Do phtrc don nhan chira anion phuac bat dign nén X5 c6 dang Ky[RuCls(L)]
Trong quy trinh KNO2 + H2SO4 loding 1a nguén NO nén dy doan L: NO
— X5: Ko[RuCls(NO)] (thoa mén gia tri M(X5))

5.2. Lap luan dé vé& cong thirc cdu tao ctia X2 va X3. Cho biét anion phtrc ctia X2 khong ¢ tam d6i
xung.

Lap luan

X2:

Xét chudi phan tmg Css[RuCls(CO)] (X1) — Cs2[RuCla(CO)2] (X2) — Cs[RuCIs(CO)s] (X3)
Do anion phirc trong X2 khong c6 tam dbi xtrng nén X2 1a cis-Csz[RuCls(CO):]

— cl -
Cl

. -
I// \\\\

Ru
™ | ~eo
cl 1

C32

Xa3:
- Phan tng tao thanh X2 tir X1, su thay thé phéi tir CI” khdng wu tién xay ra ¢ vi tri trans so véi
phéi tir CO. Do d6, du doan trong phan tng tao thanh X3 tir X2, su thay thé phdi tr Cl ciing s&
khong wu tién xay ra & vi tri trans so véi phdi tir CO. Vay, X3 la fac-Cs[RuClz(CO)s]
- Do fac-Cs[RuCIl3(C0)s] bén nhiét dong hon mer-Cs[RuCl3(CO)s]
_ co -

e Cl ", .CO

Ru
™ | ~co
Cl i
Cha y: Thi sinh chi tra l6i mét trong hai y trén déu duwoc di diém

5.3. Xac dinh cong thirc phan tir va v& cong thirc cau tao ctia X6. Biét X6 1a phtrc chat hai nhan, nghich
tir, tao thanh tlr bon loai nguyén t6 v&i phan trim khdi lugng cacbon va nito 1an luot Ia 17,884% va
22,951%. Anion phirc ctia X6 c6 tam d6i ximg. Mdi ion kim loai trong anion phirc déu nam ¢ tam ctia
bat dién vai 18 electron ¢ 16p vé hoa tri.
Tinh toan:

Do X6 1a phirc chét hai nhan chira anion phirc, va X6 tao thanh tir bon loai nguyén t6 trong

d6 c6 cacbon va nito nén X6 ¢ thanh phan Ru2KyCyN..
— 17,884 : 22,951 =10:11
12 14
bé thanh phan nguyén t6 cua X6 c6 ¥ nghia chony =10vaz=11 — M(X6) =671
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Cong thirc cAu tao cia X6:

Ks

NC

CN

.CN
NC—— RuV—N=—/7Ru"

4

&
N

CN

Cong thirc phan tir cia X6: Ruz2KsC1oN11 hay Ks[Ru2C1oN11]

Do anion phirc c6 tam d6i xirng va ion trung tam phdi tri bat dién nén thanh phan X6 c6 thé biéu
dién Ks{[Ru(CN)s]o2N} — Ru & trang thai oxi hoa + 4 hé d* (phdi tr CN~ va N*)
Mbi nguyén tir kim loai trung tdm c6 18 electron & 16p vo hoa tri nén CTCT cua X6:

CN

o

NC ‘
CN

.CN

CN

(Kiém tra s6 electron ¢ 16p vo hoatrjcia Ru: 4 + 5x2+2x 2 =18)
Thi sinh phdi chi ré duwoc trang thdi oxi héa Ru(1V) trong X6 va vé dwoc lién két Ru™=N=Ru"v mdi
duwoc tron diém

5.4. Duya trén thuyét truong phdi tir, v& gian do tach mirc ning luong cac obitan d cua ion kim loai
trong X5 va X6. Tur d6 giai thich tinh nghich tir cia chung. Cho biét hé truc toa do cho anion phtic
cua X5 va X6 nhu sau:

t X
_ L - m- _ A —n-
Clu, | .
//Ru\\‘ RG\\ ________ K_"Ru\\\\ z
o | Yl / ‘ / /‘
X/_ Cl Ny
X5 X6

L: phdi tir chua xac dinh DPuong nét dut (- - -) khong biéu dién lién két giira hai tim Ru

Gian do tach mic ning lwong cac obitan d cia X5:
Gian d6 tach mirc ning luong cac obitan d ctia ion kim loai trong Kz2[RuCls(NO)] (X5).
Luu y: NO 14 phéi tir truong manh, CI™ 14 phdi tir truong yéu. Ru(Il) thude hé db.

X

d
- NO 7% i
Cl., -Cl Ay
//Ru”\\\ ¢|
CI/ | \C|\ iz H dy;
x &L Cl NNy Gy

Giai thich tinh nghich tir cua XS:
Tir gian d0 tach mirc ndng hrong cac obitan d ciia Ru?* trong X5, do ion nay khong c6 electron doc
than nén phirc chat nay nghich tu.

Néu thi sinh vé gian do tach mirc ning lwong nhw ciia phirc bat dién déu véi hai mike nang heong
tog (gom obitan dxy, Oyz, 0zx) Va &g (gom obitan d,2_,2Va d,2) thi dwoc mia tong sé diém.
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Gin dd tach mirc ning lwgng cac obitan d ciia X6:
Gian dd tach mirc ning lugng cac obitan d ciia jon kim loai trong Ks{[Ru(CN)s]2N} (X6).

Ru(IV) thudc hé d*.

dey
d " dy| zl

XZ

Ttr gian d6 tach mirc ning lugng cac obitan d ctia Ru** trong X6, do cac ion nay khdng cd electron

doc than nén phirc chat nay nghich tu.

Néu thi sinh vé gidan dé tach mirc nang lwong sau va gidi thich hop 1y tinh nghich tir dege tron diém

A

E

d x2-y2

ot

dxz dyz

-l

dyy

Vi truong hop ndy, mdc dit trén moi ion Ru** ¢6 hai electron déc than, nhung do suw cdp doi ciia
cac electron nay qua lién két o giita hai tdm Ru véi nguyén tir N cau néi, nén phdn tir X6 khdng co

electron doc than, va do do nghich tu.
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Cau 6 Y 6.1.a 6.1.b 6.2.a 6.2.b 6.2.C Tong
(.2;’5 Thang diém 214 2/4 2/4 2/4 2/4 2,5
diém)
DPiém chim
Cau 6

6.1. Trong mang tinh thé CeO,, cac anion O> chiém dinh cta cac hinh 1ap phuong, con cac cation
Ce** chiém vi tri tAm ctia mot nira s6 hinh 1ap phuong d6. Khoang cach ngan nhat giira hai anion 0%
va gitra hai cation Ce** 1an luot 13 2,706 A va 3,826 A.

a) Lap luan dé v& mang cta tinh thé CeO2. Xac dinh sd phdi tri cia anion O? va ciia cation Ce**.

Lap luin:

Hinh v& 6 mang gom 8 6 mang lap phuong do anion O? tao thanh. Cation Ce** chiém vi tri tim clia
mdt ntra s6 hinh 1ap phuong nho.

Luu ¥: do dmin(Ce**Ce*)/dmin(0%* 0% = 3,826/2,706 =~ 1,414 ~ +/2 nén chi c6 cach biéu dién
nhu hinh v€ thoa man.

Hinh vé tinh thé:

® o

® Cev

S6 phéi tri cia O> 12 4 va cia Ce* 12 8.

b) Tinh khi luong riéng d (g-cm3) va do dac khit (%) ctia cta tinh thé CeO2. Cho biét ban kinh anion
0?14 1,310 A va ban kinh cation Ce** 13 0,970 A.
Tinh toan:
V&i 6 mang trong hinh, 6 dai canh a = 2.dmin(0O*+0?%) = 5,412 A va 6 mang chira 4 don vi CeOx.
Khdi hrong riéng cta tinh thé CeO,:
n.M(Ce0,) n.M(Ce0O,) 4.172
Q=—N@® — Nod® 6022105 (54121057

=7,027 g.cm™3

Do dic khit cua tinh thé CeO.:
4, (%ﬂ rge4+ + 2.%.71. ng—)

a3

n. (VCe‘“' + 2. VOZ—)

.100% = .100%

Vé mang
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4. (%.n. 0,973 + 2.%.71. 1,31?)
— o ~ 0
T .100% ~ 57,2%

d=7,027 g-cm3 D§ dic khit: 57,2 %

6.2. Vat liéu trén co s& CeO; thuong dugc st dung 1am chét dién li ran trong pin nhién liéu oxit ran.
Mot loai xeri dioxit pha tap gadolini(III) oxit c6 thanh phan khong hop thirc GdxCe1+Oy. Pé x4c dinh
ham luwong oxi trong oxit GdxCe1«Oy, nguoi ta hoa tan 2,427 g oxit d6 va 7,840 g mudi Mohr
(Fe(NH4)2(S04)2-6H20) trong luwong du dung dich H2SOas. Dung dich sau phan ung tac dung vira du
v61 6,48 mL dung dich KMnO4 0,250 M.
a) Tinh gia tri cia X va y.

Tinh toan:

Phuong trinh phan rng:

GdxCe1xOy+ H* — x Gd®* + (1 —x) Ce*" +y H20

Ce4+ + Fe2+ N Ce3+ + Fe3+

5 Fe** + MnO4 + 8 H* — Mn*" + 5 Fe®* + 4 H,0

Phuong trinh trung hoa dién cho GdxCe1xOy: 3.x +4.(1 —X) = 2.y 1)

C6: n(MnO4") = 1,62 mmol — n(Fe?* du) = 8,1 mmol, n(Fe?* dau) = 20 mmol

— n(Fe?* ptr) = 11,9 mmol — n(Ce**) = 11,9 mmol

Phuong trinh khéi lwong:
Mgq +Mmee + Mo = (522,157 +11,9.140 + 222 16). 1073 = 2,427 )

Giai hé phuong trinh (1) va (2) dugc: x = 0,15; y = 1,925

x= 0,15 y= 1,925

b) Gia sir khi c6 cation pha tap Gd®*, cu truc xeri dioxit khong thay doi. Giai thich vai tro chit dién
li rdn cta xeri dioxit pha tap trong pin nhién liéu dwa trén phan tmg 2H, + O2 — 2H,0.

Giai thich:

Khi thay thé ion Ce** bang ion Gd*" ma khung cau truc khong doi, nén dé dam béo tinh trung hoa

dién, trong tinh thé s& xuét hién 15 tréng oxi. Cac 16 tréng nay s€ thuc hién vai tro van Chuyén anion
O? giira hai dién cyc cua pin.

Anot: H, + 0% — H20 + 2e

Catot: O; +4e — 2 0%

c) Giai thich tai sao pin nhién li¢u str dung xeri dioxit pha tap lam chét dién i rin cin phai hoat dong
0 nhiét do cao.

Giai thich:

Do anion O can dong nang du 16n dé di chuyén trong mang ludi tinh thé.
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