BO GIAO DUC VADAOTAO KY THI CHQON PQI TUYEN OLYMPIC NAM 2022

_ HUGNG DAN CHAM DE THI CHINH THUC

Mén: HOA HOC
Ngay thi thir nhat 26/4/2022
(Hzm'ng dédn chdm thi c6 28 trang)

L. HUGNG DAN CHUNG
1. Gidm khao chdm diing nhu dép 4n, biéu diém ctia Bo Gido duc va Dao tao. -

2. Néu thi sinh ¢6 cich trd 161 khac dép én nhung ding thi gidm khao vin chim diém theo biéu diém
ctia Huéng din chdm thi.
3. Gidm khao khéng quy tron diém thanh phén ciia timg cAu, diém cua bai thi.

IL. PAP AN - THANG PIEM

Cic hiing s6 va phwong trinh

Cho: H=1,0; C = 12,0; N = 14,0; O = 16,0; Na = 23,0; Mg = 24,0; P = 31,0; § = 32,0; Cl1 = 35,5;
K = 39,0; Cr = 52,0; Fe = 55,9; Co = 58,9; Nb = 92,9; Cs = 132,9; W = 183,8; Pt = 195,1; Zc = 6;
Zi= 7; Ztg = 12; Zuan = 25; Zre = 26; Zco = 27; Znw = 41; Zw = 74.

Trong bai thi ndy, hoat d6 cua c4c tiéu phan trong dung dich nuéc duge coi x4p xi bing ndng dd
tuong ung tinh theo mol L™"; chit khi, hoi dugc coi 12 khi 1i tudng.

- [Hang s6 Avogadro: Na = 6,022x10” mol”’

Hang sb khi li tuéng: R=8314Tmol K

S6 pi: n=3,1416

Gia toc trong trudng: 2=9.81ms "

Ap suat khi quyén: Pam=1atm= 1,013 bar = 1,013x10° Pa

Khong dg theo thang Celsius tuong ung 273,15 K

Hing s6 Faraday: F=96485 C mol”’

Hing s6 Planck: h=6,626x10""Ts

Téc dd 4nh sing trong chin khong: c=2,998x10°ms |

Dién tich nguyén to: - e=1,602x10"C
. | Electron—volt: —  [1ev=1,602x10"]

Lién hé Planck—Einstein: E=hv = hclA
_[Phuong trinh khi li tuéng: pV=nRT

Ning luong tu do Gibbs: G=H-TS; AG°=-RTInK; AG® =-nFE,
I ¥ AG=AG’+RTInQ

Chi sb phan img O cho mdt phan img 0= [C)[D]

[aA+bB=cC+dD: - . T [AT[BP

"Phuodng trinh Henderson—Hasselbalch: pH=pK, +lg%

Phuong trinh Nernst—Peterson: RT RT

; E=E°-—InQ;&T=298K,—In10=0,0592 V

nF F
Ki hi¢u thé cia chat: thé rén: s; thé 16ng: /; thé khi: g.
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’ Y 1.la - 1.1.b- - 1.2.a - 1.2.b
Cauxl Thang diém 6/8 518 . 918 4/8
(3,0 diem) : =
Piém cham

Xiic tic quang 1a mdt thé hé xic tdc méi véi nhiéu wu dlem Céc xuc tic quang cé thé dugc tao
ra tir mot chit ban din hay nhidu cht bén dén két hop véi nhau. Khi hép thu photon c6 bude séng
thich hop, & mdi chit ban dn xay ra qua trinh kich thich electron tir viing héa tri (VB) Ién ving dan
(CB), tao ra céc 13 tréng mang dién tich dwong h* & VB va céc electron c6 ning lugng cao e 6 CB.
Céc h* va ¢ sinh ra cing nhiéu va tdn tai cang lau thi hoat tinh ctia xiic tic quang cang manh.

1.1. Hai chit ban din phd bién 1a g—C3N, (graphitic carbon nitride) va TiO; (titanium d10x1de) co
khoédng céch ning lugng (con goi 12 bandgap, ki hiéu Eg) gitta ving VB va ving CB tuong g 1a
2,75 eV va 3,20 eV. Khi sir dung mdt xuc tic quang ket hop hai chit ban d4n nay s& c6 nhiéu wu
diém hon so véi viéc six dung riéng ré& timg chét.

a) Nang lugng birc xa Mit Trdi dugc phén bd nhu sau: 7% thude vung tia tir ngoai (A <400 nm) 48%

thudc ving kha kién (A = 400 + 760 nm), 45% thugc ving hdng ngoai va séng vo tuyén (A > 760 nm).

Béng cach tinh toan, hiy chi ra mdt wu didm cua hé két hop g—C3N4/TiO; so véi viéc sir dung riéng
TlOz

Cac tinh todn:
Sidungbiéuthiac E ==
— V6i TiO,, do Eo= 3,2 eV nén c¢hét nay chi thé hién hoat tinh quang xuc tdc vdi photon cé Buéc

séng A <387 nm.
— Véi g—C3Ns, do E,= 2,75 eV nén chét nay chi thé hién hoat tinh quang xiic téc véi photon cé

budc séng A <451 nm.

U'u diém: Nhu vay, viéc c6 mit g—C3N4 cho phép sir dung duge thém nang luong 4nh sing ving
kha kién, m& rong ving hip thu quang so véi chi sir dung TiO,.

b) Cho biét muc ning luong cao nhit cia VB trong g-C3N4 va TiO, tuong tmg 12 —1,65 eV va
' =2,70 eV; mitc ning luong thip nhit cia CB trong g-C3Nj va TiO, tuong tmg 1a 1,10 eV va 0,50
eV. Trong hé két hgp g—C3N4/TiQ, xuit hién “dj lién két” gitra hai chit ban dan cho phép h* va e~

dich chuyén qua..

Hay vé gian db ning luqng cac mic VB, CB va dé xuét chidu dich chuyén h* va e giita hai
chét b:jlr} dan trong hé két hop khi hip thu photon c6 buéc séng thich hop.
Biét rang:
— O viing CB cua TiO, trong hé két hop g—C3N4/TiO,, phan tng O, + e~ — O, ~ (superox1de amon)
x4y ra v6i téc d6 nhanh hon so v6i khi dung TiO; riéng ré.
— 0 ving VB cia g—C;N, trong hé két hop g—C3N4/TiO», phan img H,0+ h* — H'+ OH* (goc tu
do hydroxyl) xay ra véi téc dd nhanh hon so véi khi dung g—C3Njy riéng ré.
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Eién dg’i__.vﬁ chicu dich chuyén:
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*1.2. Hai tiéu phian tao ra khi sir dung xuc téc quang g—-C3N4/TiO; 14 0"~ i{é OH' du 1a c4c chit oxi
"héa manh
a) V& glan d5 MO cua hai tiéu phan nay bing cach sir dung céc AO héa tri. Cho ring trong OH’ chi
xay ra su td hop gitra AO 2p, ctia nguyén tir O v6i AO 1s cia nguyén tir H, hdy bién luén vi tri (cao
hon hoc thip hon) ctia hai AO nay trong glan dd MO. i
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'| Bién ludn: Vi trong OHe, AO 1s cia H chi t6 hop v6i AO 2pz cia O, nén AO 1s ciia H phai & vi tri
.| cao horn AO 2pz cia O. Néu AO Is & vi tri thép hon AO 2pz va ca AO 2s ctia O thi s& td hop véi
| AO 2s'ctia O do thuan loi hon vé ning luong. ‘Néu AO 1Is ndm & gitta hai AO 2s va 2pz ctia O thi
hoan toan c6 kha ning to hop véi ca AO 2s va 2pz cia O do néng lugng cia cac AO trong cung 1

. i ]crp (16p thit hai cia O) x4p xi nhau.

!
i
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b) Dua vao gian d6 MO, cho bxet vé mat h thuyet 02 hay OH’ c6 tinh oxi-h6a manh hon? Dénh
dAu “x” vao 6 [] lwa chon. G1a1 thxch : . ol

-

Tidu phan c6 tinh oxi héa manh hon: * | ~[]0y” -~ . HEOH.

Giai thich: -
Tinh oxi héa thé hién qua kha nang nhan electron Electron s& duoc nhan vao MO chira 1 electron

cia O - va OH’, trong d6 MO chira 1 electron ctia OH' (chmh 12 AO cua O) cé mirc ning lugng
thdp hon so véi MO chira 1 electron cua 0y " (la MO 7*) nén vé mit li thuyét, OH’ c6 tinh oxi héa

manh horn 02. "
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¥ 21 | 22a | 220b | 23.a | 23b | 2.4a | 24b | Tong
Thang diém | 2/8 | 2/8 2/8 3/8 6/8 3/8 6/8 3,0

Cau 2
(3,0 diém)

Piém chim

Nuoc 12 mot trong nhitng hop chit quan trong nhét trén Trai Pit. Nuédc dugce coi 1a dau hiéu
cua sy song do tham gia vao hiu hét tit ca cac qua trinh héa li cia sy song Piéu nay la do c4u tao
VA céc tinh chét héa li dic biét ciia nuéc.

Tuy thudc vao didu kién nhiét dd va 4p sult, mot chét c6 thé tdn ta1 & thé khi, 16ng hozc rén
hozc ddng thoi céc thé nay. Co the tom tht dic diém nay ciia mot chit bang mdt gian ) g01 1a gian
dd pha, 1a gian d6 minh hoa méi quan hé giita thé tdn tai clia chét véi nhiét d6 va 4p sudt. Pudng
phén céch giita cac pha (the) x4c dinh didu kién @& c4c pha lién ké dudmg d6 clng ton tai c4n bing. Hinh

2.1 duéi day 1a mdt vi du vé gian d6 pha ctia nuéc.
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Hinh 2.1. Minh hoa gi4n d5 pha cta nuéc.
2.1. Quan sét gian db pha ciia nuée va dénh ddu “x” vao 6 [_] img véi nhitng phat biéu dung.

M Duong A-B, A—C va A-D tmg véi diéu kién ton tai can bing gita cac pha.
M O didu kién 0 °C, 760 mmHg, nuéc tdn tai dong thoi ca pha rén va pha long nim can bang.

| [ O didu kién —0,5 °C, 760 mmHg, nuéc tdn tai ddng thdi ca pha rén va pha hoi ndm can bing.. |.

[] & didu kién 150 °C, 760 mmHg, nuéc ton tai ddng thdi ca pha long va pha hoi.

M Tbn tai mot diém (vé nhiét do ap sut) ma tai d6 ca ba pha rin, 16ng, hoi cta nuéc nim cin
bing.

M Khi ting 4p suét, nhiét d6 néng chay ciia nuéc d4 s& gidm.

[[] Khi ting 4p suat, nhiét 6 héa hoi clia nuéc 16ng s& giam.

2.2. Dva vao cau tric cia nude ¢ thé 1ong va thé ran, tra 161 cdc ciu hoi sau:

a) Vi sao & cing diéu kién nhiét do va 4p sut khéi luong riéng ciia nuéc 1ong luén 16n hon khéi
_3.

2

luong riéng ciia nuéce ran? Vi du: & 0 °C va 1 atm khéi lugng riéng clia nuéce & thé rén: 0,917 gcm

khéi luong riéng cuia nude & thé long: 0,989 g em™,

Giai thich:
Nudrc d4 c6 cau tric tinh thé tir dién. M6t phén tir nuée & tdm cia tu dién tao lién két hydrogen
v6i 4 phan tir nuéc & cie dinh cia tir dién. Qua trinh chuyén tir thé rin sang thé 1ong 1a qué trinh

thu nhzer Diéu nay s& pha yo Ilen két hydrogen trong tinh the nudc da dn dén sy sdp khung tinh

HH1 Teae.m 1m0
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| € nén céc phan tir nuéc s& gan nhau hon, khdi luong Hiéng tﬁng lén.

b) Vi sao nuéc la mot dung mbi tot cho xat nhleu chat" Vi sao tmh chaI néy la1 quan trong i véi su
séng? o

Giai thich:

Phén tir nuéc cd cuc va cb thé tao hen két hydrogen véi nhiéu chat, nén cd kha ning hoa tan nhiéu
chit. Céc qua trinh héa li cha su s6ng hiu nhu x4y ra trong dung dich nén si hoa tan cac chit cé y
nghia quan trong dbi véi sy song

2.3. a) Xét ton tai cin bing glu'a hai pha ava ﬂ ¢ T va P xéc dinh (diém I) trén gian dd pha trong
Hinh 2.2 dudi day

Ap sudt: -

-

7 et e . Nhiét do

Hinh 2.2. Mmh hoa su thay ddi nhiét do va 4p suét trén gian d6 pha.
Khi 4p suét thay dbi tir P dén (P + dP), dé hai pha vin tdn tai cin bing thi nhiét do phai thay dbi
theo tr 7 dén (T +d7). Vitrican bang pha mm 1a diém (IT). Hay chimg minh bleu thirc:
dT TAV AV .
trong do AHq, 12 nhiét chuyén pha, AVla bién thién thé tich mol khi chuyen pha
Blet ring thé ding nhiét ding ap co bleu thie dG =-SdT + VdP.

Chlmg minh biéu thirc:

T, P tai diém M: phaavaﬁnamcanbang, véi'1 mol chatG‘l GB ;
:Klg P thay d6i dén P+ dP va nhiét do thay ddi tir T dén T +dT: tai diém (II) : G+ dG“ G‘3 +
dG*.
| —dG°=d6® —-8%T+ Vidp = -SPT + VPdP
SP—5%) AS . dP..
(P =S = —y*)ap = & =5) _AS _dP
= MESWE=VOIAP = 0 Vbl ot
dP _AH,
dT TAV

Vi qué trinh chuyén pha, T va P 12 hing s6 : TAS = AH,,

b) Trong mot binh kin chju 4p suit chira mot lugng nudc & nhiét d6 —0,5 °C va 4p sudt 5x10*
mmHg, ngudi ta thuc hién qua trinh giam tir tir ap sudt tir 5x10* mmHg dén 1 mmHg trong khi giit
c6 dinh nhiét do. '
b1) Néu sy thay déi thé ctia nuéc trong qué trinh trén.

St thay ddi thé ciia nuwéc dua theo gidn do pha khi Ap suit giam dan:-

Diém xuét phét: nudc l6ng, theo gidn dd pha, khi P giam dan: gip dudng A—C (dudng can bang
L = R) nudc long chuyen cdn bang nhiét dong sang nuée d4 & T =—0,5°C va P, khong dbi, dén
khi toan bd nudc long héa ran.

. HHI1-Trang 28 3
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- Ap suat tlep tuc giam dén P gép dudng A-B, nudc d4 chuyén cin bang nhiét dong sang the hoi
T=-0 5 Cvaszhongdm

- Kh1 nuéc da chuyén hét thanh hoi thi P méi tlep tyuc giam dén 1 mmHg.

b2) Tinh 4p sut tai c4c diém ton tal cdn béng chuy#n pha trong ¥ 2.3.b1) néu trén.

Biét rang: Tai diém A trong Hinh 2. 1, khéi luqng riéng cua nuéc & thé rén: 0,892 g cm™; khéi
luong riéng clia nuéc & thé 1ong: 1,000 g cm™>, gia thiét c4c gid tri nay khong thay dbi trong khoéng
&p subt nghién ciru; nhiét néng chay: 334,72 J g'; nhiét héa hoi: 2510,40J g™'. Trong céu ndy, sir
dung bidu thirc lién hé gifta thang Kelvin va thang Celcius nhu sau: T (K) =273,15 +1 (°C).

Cic tinh toan: E =

AH ; AH T '
dP L => P P+—= 2 xIn-L
dT TAV AV T,

Léy théng tin & dxem A: P3 = 4,58 mmHg, T3 =0, 01°C + 273,15 = 273,16 K, nhiét néng chéy
AH_ =334,41 g
Tai diém chuyén pha thi nhit trén duong A-C: |
t o 272,65
p=258 mmHE 4. 013x10°Pa+— ohASE
760 mmHg (1 1 ,121) em’g 107 m *¢m™ 273,16
=51,702x10° Pa= 51,038 atm = 3,88 x10‘mmHg
Tai diém chuyén pha thir nht trén dubng A—B
AH, mmHj 2510,40J g x18gmol™' x B, , 272,65
p=p+ o b H8mmHE ) 5y 0o+ 8096 Ln
? vV, T, 760mmHg .. 8,314Jmol 'K~ x272,65K 273,16
P,=5,885x10’Pa =5,81x10’3atm=4,42 mmHg ’

2.4. Trong mén truot bano nghé thuat 50 d1 van dong vién ¢6 thé truot trén mét bang va khong bi

" ngi 1a do c6 mdt 16p nudc mong dum ludi dao cua glay trugt bang. Trong mot sdn bang, mit bang

ludén duoc giit & nhiét d§ 0,5 °C tal-ap. suét khi quyen mot van dong vién truo’( bang nghé thuét ning
61,5 kg trugt trén mdt chiéc glay truo’t bang, trong d6, ludi dao cua gidy tiép xtic véi mit bang dai 6,0
cm va rong 1,0 mm. Tai phan txep xtic ndy, mit bang chiu, thém mét 4p lyc gdy ra bdi trong lugng
cua van dong vién. ; ;

a) Lép ludn kém theo tmh toan aé glal thlch ly do vén dong vién nay céd the truort trén mat bing va
khong bi nga.

Lap ludn va tinh toin:
Tai diém gidy trugt tiép xtic véi sin bang, mit sin chju them mot 4p luc gy bél trong lugng cua
véan dong vién

F=61,5kgx9,81 ms™=6,033x10%kg m s

Dién tich tiép xtic cuia gidy trugt v6i san bang : 4=6,0x102mx10°m=6,0x10"m’
Ap sudt tic dung thém 1én sén bang do trong luc ciia ngudi trugt:
il 2 6,033x10* kg m s~
A4 6,0x10%m°

Duéi 4p sudt 10’ Pa = 7,5 x 10* mmHg & —0,5 °C, tir gian d6 pha s& thiy nudc & thé long. Nhu
vdy van dong vién s& trugt trén mét 16p nudc 1ong méng.

=1,0x10" Pa

— Nudc bi chay dudi ludi dao tao thinh mét rdnh nho, tranh cho véan dong vién bi nga.

HH1-Trang 128 6
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nuée 16ng; cho 1 mol bang
hu hop véi két qua cua y

b) Hay tinh sy thay dbi nang 1uqng tu do Glbbs (J mol” ) cho-1 mol
(nuéc d4) do 4p luc gdy ra dudi ludi dao cua gidy truot. Két qué &cop
2.4.a) hay khong? Giai thich.

Cho ring kh01 lugng riéng cua nuéc long va nuc’yc d4 trong céc diéu kié
" 0,999 gem™ va 0,917g<‘:n.13 :

n nay lin lugt la

Cic tinh todn:
dG=-8dT+VdP = dG, =VdP

Ap sudt tic dung thém 1én san bing do trong lyc ctia ngudi trugt: P=1,0x 107Pa

18,0 gmol™
Voot (8) = ﬁ

dG., =V, ,dP = AG,, (s) l963x10'5m3mol' x1 oxlo’kgm s
- (s)= 196 3 kgm s mol" =196,3Jmol™".

19 629cm mol' =1,963x10m’mol™

18,0gmol™
oa®) = 999 gom

dG oy =V,udP = AG,_ (1)=1, 802x10'5m3mol" x1,0x10’ kgm" 2
G, () =180 2kgm s"mol‘ =180,2J mol ™.

AGma(s) =196,3J mor‘
AG.,.,,,(I) 1802 Jmol™. . :
Lip ludn vé sr phit hop /khong phu ho’p" Giai thlch
+ C6 phu hop. :
+ Khi chiu thém trong luc cta vén “dong vién, AG glam tur 196 31 (the ran) xuonq 180 l’(thé'
16ng) nén xay ra qua trinh chuyen pha cua nudc tir thé ran sang thé 16ng. Khi truot qua, vi nhlet do
sén bang ludn duoc giit khong ddi 6 & —0 5 °C nén nude long lai-chuyén thanh nuéc da.

18, 018 cm mol' —1 802x10~° m’ mol‘

HH1-Trang /28 7
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Ciud Y 3..a.] 3.1b | 3.2.a | 32b | 32.c | 33.a | 3.3b | Tong
2,0 diém) Thang diém | 2/8 2/8 2/8 2/8 1/8 5/8 2/8° | 2,0 .|
Diém chim :

Pin nhién liéu 12 thiét bi tao ra dong dién tir phan g oxi héa khir gifra cac chit phin L'rng
dugc dua lién tuc tir ngudn bén ngoai.
3.1. Mot trong nhitng loai pin nhién liéu c6 hiéu suét cao nhét h1en nay 1a pin hydrogen véi chit oxi
héa 13 oxygen trong méi trudng kiém. Phuong trinh tng mo ta phan (g x4y ra trong pin nhu sau:

2H,(g) + 02(g) — 2H20()) _

Loai pm nay duoc sir dung trong nganh hang khéng vil tru vi ngodi dién néng con thu dugc nudée,
diing @& udng va sinh hoat trén tau.
a) Hay viét so dd ciia pin va phén {mg x4y ra trén céc dién cyc.

.

So do ciia pin:
() (Pt) H2 (2) | OH (ag) | méng khuéch tén ion | OH (ag) | Ox(g) 1) (+)

. Phan ing xiy ra trén cdc dién cuec:
Anode: 2Hy(g) +40H (aq) — 4H,O() + 4e”
Cathode: Oy(g) + 2H,0()) + 4¢” — 40H (aq) -

b) Mot pin nhién liéu hydrogen—oxygen (hoat dong & diéu kién chuén) dugc sir dung dé cung cép

dién cho mot thiét b| '
Xic dinh sb mol hydrogen cén ding dé dép tmg yéu cdu sir dung 1 2><103 kWh trong mdt

thang cho thiét bj trén. Gia sir hiéu suat ctia pin 14 100%.

Cho biét: G 298 K: E°(H,0/H,.0H") = 0,83 V; E°(0»/OH) = 0,40 V.

5 ‘~.. E°ox = E°uode =—0,83 V; E%q = E°cathode = 0,40 V,

| = 182510 mol .
"] S6 mol hydrogen 1 82><10 mol

, E°n =0,40 V0,83 V)=123J.C" vin=4
3,60x10°J. 1C _ lmole  2molH,

TkWh 1,237 96485C - dmole o 0 (mo).

1,2x10° kWhx

3.2. Mt thich thirc trong viéc sir dung pin hydrogen—oxygen 1a viéc Iuu trit khi hydrogen d& sir
dung cho pin. Nghién ctru hién nay tip trung vao viéc tim ra cac vét liéu rén c6 kha ning lwu trit
thuén nghich hydrogen. M6t s kim loai c6 kha ning hép thu khi hydrogen tao hydride kim loai, nhes
d6 mét lugng 1ém hydrogen cé thé duoc luu trix trong mét thé tich nhé. Mot nhém nghién ‘ciru da
. ibng hep duoc: magnesmrn—moblum c6 kha ning hdp thu hydrogen tao hydride Mg 7sNbg2sHs. Qua
“trinh do su hép thu hydrogen cta magnesium-niobium tim dugc enthalpy tao thinh hydride
Mgo 7,Nbo_2_~,H7 tr Mg, 75Nbo 25'Va Hg la -53,0 kJ cho 1,0 mol H,. )

a) Xic dmh phan trim vé khéi luong cua hydrogen ducrc Iuu trit trong Mg 75Nby 25H.

‘HHI-Trane 2§ =
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Mg :24,0 amu x 0,75 = 18,00 amu °

Nb: 92,9 amu x 0,25 = 23,23 amu

H: 1,00amux 2 - =2,00 amu

Téng = 43,23 amu ;

%H (vé khéi luong) = (2,00 amu/43,23 amu) x100% = 4,63 %.
Phin trim khéi hrgng ciia H trong Mgo1sNbosH: 4,63%.

e

' b) Tir gian d6 sau va céc hidu biét vé tinh chét cia cic hydride, hdy d& xuét ly do sir dung
magnesium-niobium dé luu trit hydrogen ma khdng sir dung riéng ré timg kim loai.

a 159

L]
. MgH,

. NbH;

Him lugng hydrogen (%khdi lwom
o
1

0 J J 1 Ul L 1 I
0 °-20. -40 -60° - -80 - -100 -120 - -140
AHPy5 (kJ mol™) '

(Ghi chii: A Hyy la éﬁthalpy tao th&n)‘z hy'd'ride t’tng véi 1,0 mol H. 2)

Giai thich:
- NbH; luu giir dugc it H, hon, nhlmg lai cin nhxeu nhiét hcm aé giai phong Hz
- MgH; dé bi pha hiy béi hoi | nuée nén bi han ché.
Do enthalpy hinh thanh cia Mg, 7,Nbo 2sH> it &m hon so vcn MgH, va NbH, nén Mgy 75Nbo2sH:
dé bi phan hity hon (nhiét luorng cn dé phan hity giai phéng hydrogen thip hon). :

¢) D& xuét mot cach thirc thuin tlgn, c6 hiéu qua kinh té 'de thu hydrogen luu trir tir Mgo,7sNbo2sH>
trong thuc tién? Giai thich. :

Deé xuit va giai thich:
Cin phai dt néng (cung cip nhiét) dé giai phéng hydrogen vi viéc tao hydride 13 phén 1 u’ng toa nhiét.

3.3. Do kh¢ khin trong viéc luu trir hydrogen cac nha khoa hoc da nghién ciru phat trién nhung pin
nhién liéu sir dung tryc tiép alcohol (vi du nhu ethanol) thay thé cho hydrogen.

a) M{t trong nhimg tmg dung ctia loai pin ndy 14 sir dung dé do néng do ethanol trong hoi tho (fuel-
cell breathalyzer). Di¢n lugng sinhra ti 1¢ véi lugng alcohol trong hoi thd clia ngudi duge kiém tra.
al) Hay viét phén Umg xay ra tai cdc dién cuc khi pin lam viéc. Tinh sirc dién dong chuén cua pin &
298 K. Biét ring san phim ciia phan (mg 12 acetic acid va nudc.

Cho biét: Gia tri nhiét tao thanh va entropy clia mét sd chét

Chat A HS, (k) mol™) S (I mol™ K™
CH;COOH()) —484,50 159,80

0,(g) 0 205,14

H,0()) —285,83 69,91
C,H;OH(g) -235,10 282.70

Scanned with CamScanner

HHI1-Trang /28 9


https://v3.camscanner.com/user/download

" [Phan tmg xdy ra trén cac dién cuc: ' '
Anode: CH;CH,0H(g) + H,0()) — - CH;COOH() + 4H'(ag) + 4~
Cathode: Oy(g) + 4H'(aq) + 4 —  2H0()

Phan tmg tdng: CH;CH,0H(g) + O2(g) — CH3'COOH(I) + H0 ()
+ Strc dién dong chudn cia pin & 298 K.
A Hjpy = AH,y(CH,COH) + A Hiyy (H,0)~AH 2 «(C;H;0H)— A H3 (0,)

- = (—484, 50)+(~285,83) - (-235,10)- 1x0,00 = —535,23 (kJ mol™).
A, S5 = S5y (CH,CO,H) + Spog (H,0) = S35 (C,H;OH) — 534 (O;)

. =159,80 + 1x69,91 —282,70-1x 205,14 = —258,13 (JK ™' mol’ M
A G;98 = A H ;98 T A S;(Ja

-.=—535,23— (—258,13)x298x10™> =—458, 31(kJ mol™).

. 3
—458,31x10 Jmol™ ~1,186~1,19 V.
; 4x96485Cmol™
Sire .dién dong chuin cﬁa pin E°=1,19 V.

Mitkhéc: A Gy = —nFES, = Eg, =

a2) Trong mot 14n kiém tra, 188 mL hoi thé clia nguoi la1 xe dugc dua vao fuel—cell breathalyzer,
pin smh ra dong dién trong 10 s c6 cuong do khong 31 324 mA. Xéc dinh ndng d6 ethanol (theo mg

LY trong hoi thd cia ngudi 14i xe do.

S& ol C;HsOH cin d2 tao dong dién 324 mA trong 10s
© 324x107Ax10s
thanol) =
"(e; An0D) = 4 < 96485 Cmol™
8,40x10 x 46
i 0,188

=8,40x107 (mol).

x10°=2,06mgL".

Nono do ethanol trong hoi thé cia ngudi ldi xe: 2,06 mg L'

b) De tang hleu suat cia pin nhlen liéu st dung truc tiép alcohol mdt nhém céc nha nghién ciru tai

V1en Hoa Cong nghi¢p —.Viét. Nam da phat- trién hé xtic tic dién héa trén co- s& Pt mang trén ..o

graphene (Pt/graphene) Pé xéc dinh d6 phan tan ciia Pt trén bé mit graphene ngucn tacho CO hap phu
héa ch bao hda trén 1,00 g vét liéu Pt/graphene, trong d6 Pt chlem 0,5% vé khéi lugng thi can 113,5
uL CO G dxeu kién 273 K, 1,0 bar Tucmg téc gitra'CO véi Pt be mat dugc ch1 ra nhu hinh dudi day

P

o o .

/ g\ ,,'(U,\ m on
'/77‘7777}773777%779777?7/
Graphene

Hay xéc dmh phan trém s6 mol bt bé mit so véi téng sb mol Pt co trong 1,00 g vat heu trén.

‘| Phin tiim sé mol Pt bé mat 39,02%.

113,5 X 2 X 10"9m3 x 105Pa
8,314 Jmol~1K~1 x 273 K
05gx10¢g
100g x 195,1 gmol A

R = =39,02%,

HH1-Trang 728 10
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Cau 4

; | : 5/8 3,0
(3,0 difm) | Thangdiém | 38 | 458 | 38 | 3/8 38 | 3/8

SRy | 4a1a| 41b | 422 4.2? 42.c | 43.a 4.3.b .E S

. X
Piém cham

ung van
4.1. Co ché tao thanh nudc tir hydrogen va oxygen mic du duge nghlen ctru rit nhiéu nhung
chura c6 mot sy théng nhét. Mot co ché don gién cho phan mg niy dugc & xuit nhur sau:

Tia ltra dién . + H, — 2H vo = Ip = const
H ' + 0, —= OH + (0} k) (1)
o + H; 50 .OH % H Gk @
Hy + OH - HO0 + H () 3
H + 02 + M —5 iy M (k) (4

: HO,'
Trong d6, M 1a mdt tic nhén ngat mach. : :
Mot phan img ma phén tir chét phan tmg tham gia vao cac budc phat trién mach (dé tao gbc tu do)
nhiéu hon 12 c4c buéc tao san pham phén tmg dugc goi 14 phin ung day chuyén phén nhénh. -
a) Cho ning lugng phén li lién két cua H,, O, va OH’ nhu sau:

-+ Ha 0)) OH’
E®mol™") .| . 4320 493,0" . 424,0

Chi ra gbc cé ndng dd 16n nhét trong ba gbc H', O' va OH'.b%mg cich d¢énh dAu “x” vao o[ Jlwa
chon. Giai thich dwa vao ning luong phén li va céc budc trong co ché & nghi.

Gbcconong do lomnhatla: - RH . D O o 5 1 2]1OH?
Giai thich: R P

Budc 1: AE(1)= —E(OH’) + E(O ) 69 0 kJ mol™".

Budc 2: AE(2)=-=E(OH") + E(H ) =38, 0 k.l mol™'.

Buéc 3: AE(3)= 2E(OH) + E(H,) + £(OH" )=—-E(OH’) + E(H ) 8 0 kJ mol'
Buéce 2 va buée 3 ¢6 nang lugng thap hon, o va OH’ tham gia cé4c budc tao H

= [H] > [OH]va[O’].

b) Ki hiéu X 12 gbc c6 néng 45 16n nhit trong 3 gbc H', 0" va OH". Ap dung nguyén li ndng do
dimg cho hai gbc con lai, chimg minh toc d¢ tich liiy géc b'§ cé‘thé dua vé dang:

@—Aﬂa 2 SICE

v6i A 12 hing s6, a va f khong chira [X]
Xéc dinh biéu thirc ctia A, a va 8.

Chirng minh: .

d[:] ~ K[H'1[0,1+ k,[0"][H,] + ky[OH ][H,]~ k,[H"][0,][M] M
O]~ 110,14+ K[0Y[H,1 - KIOHIH, ) - @
A _ k[H1[0,1- K, [O"](H, ] (3)

"HHI1-Trang /28 11
.
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. I3 [ﬁ dung nguyén li trang thai dimg cho cho cic gbc O va OH, thu dugc:

0,1
[H][Ol k[O'][H,] = 0= [0']= T——+ AR
Va k[H'][0,)4+ k,[0°)[H,] - k[OH']H, =0
. o = R0+ L[OIH,] _ 24[H[O,]
_ - hH,] KH,]
Thay gia tri [OH'] vao (1):

= [OH'] =

dH] ey, 10 R IELO0,] | 26k HIH,I0,] iy 1(0,1M]
T—Io - k[H][0;]+ k,[H,] k,[H,]

= = I, - k[H'][0,]+ & [H1[0,] + 2K[H][0,]- £, [H'][0,][M]
© = I, +2k[H'][0,] —&,[H'][0,]M]
= I, +[H'1(2k[0,]-k,[0,][M])
.d”t” i, + 2k [0,] - & [0,]IMDIH'] ;
A=l a=2k[05] ; B=kK[0IM] .

!
4 2+ Trong phan ung day chuyen phén nhénh, néu téc 6 tao cac gbc hoat dong khéng dugc kiém
oat 's€ gay dén su nd (goi la nd day chuyén). Téc do tich liiy gbc X' s& phu thudc vio tuong quan

glu'a' a'va B. Tix biéu thic ] , hdy rit ra biéu thirc tinh ndng d6 ciia X' va [X'] khi ¢ — co trong
fat

hai throng hop sau véi gia thiét a va # khong phu thudc vao t:

iy NSy
. a)T,l'er’nghUPﬂ>a 'A
Biéuthicnéngdo: - - .
My i i d[10+(a B)[H]]_
;fo""f‘(.‘-"' Gt AR B TR o e

:>ln[l +(a ﬂ)[H ]]| —(a ﬁ)t|°:>ln[l +(a AN ]]—ln[ (- B)t

ﬂ)[H ] (a—ﬂ)l - (a-ﬂ)'
——— T =)= ﬁ(e =

{— Doﬁ> a, nén t — oo, (€“#?' -1)— 1. Khi d6, [X] [H]—/3

=1

=const.

-a
b) Trm‘mg hepa >

Biéu thirc nong do:

I,
—/3

(e(a BN l)

Tuong tu nhu tréncéd: [H'] =

HHI-Trang /28 12
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AN
. N
omg by e
c) Trong hal trudng hqp 4.2.2) vi 4.2.b), dnh déu “x” vao 6 []lua chon ’:juonghlmg véi trudng hop )L %
dan dén nd day chuyen G1a1 thich Chira dleu kxc;n de khong xay ra sy nd day chuyeén. i
Tru'o'ng hop din dén nd diy chuyen - []4.2.a) 4.2.b)
Giai thich:

Trong 4.2.b, khi ¢ — o, [H] — .-
Pidu kién dé khong xiy ra sy nd diy chuyén: k[M] > 2k
Giai thich:
a=2k[0;] = vi= 2k[0,] [H]
B=k[02][M] = v4= ky[O;][H][M]
Muén khéng ché sund, B> a; vs> v
= k(OHM] > 2k [0:][H] = k(M) > 2k
Xay ra su nd khi Vs <v = k4[02][H ][M] <2k [0,][H] = k4[M] < 2k|

4.3, s W T,
a) Hay bt dAu tirmot goc H' va hén horp Hz, 0,. Tinh s6 goc X trong hé sau n chu ki phét trién

mach (phan tng 1, 2, 3) bd qua sy tao goc & bude khoi mao va gbc mét di & bude ngét mach.

S gbc X saun chu ki phat trién mach s
Giai thich: S6 géc H' tao ra & chu ki 1 (phén tmg 1,2) 1a 2; pu' chu ki tiép theo ctr mit dil1H s& -

sinh ra thém 3 H'. Vay sé gbc H' trong hé saun chu ki la 2" gbc.

b) Trong mét binh phén tmg c6 dung tich 1,0 L chita 2x10™ ol H, va 1102 mol Oy, d4nh tia lita dién

cho phan img xay ra. Xét tbc db tich liiy X' theo bidu thirc *), néu bd qua A va cho rang (e /)') =

2k)[O,]. Tinh thdi gian dién ra 30 chu k1 d4u tién. Cho k; = 6x106 mol™' dm’ s" ;

Cic tinh toan:

Tir bidu thic *) d[jf] A +(a = ﬂ)tX'] '

> B sko,1x1 = k0]

Tir mot gbc X" ban dAu, sau n chu k1 sb gbc X'1a 2™
Goi ndng d ban diu cia X' 1a Co, ndng 0 X" sau n chu ki 1a 2"Co

diX] _ d[X']
= k'Ix =
7 [ ]@[X] =k'dt © dIn[X'] = k'dt
' Gox 2" 2
o Ml =k't & In—=> =2x(6x10°)x1x107%r=> t=1,73x10"* (s).
X'l Co : : '

Thoi gian dién ra 30 chu ki du tién: 1,73x10™'s.

Scanned with CamScanner


https://v3.camscanner.com/user/download

Cau’s Y 51a | 51b | 51.c|52a|52b|52c]|52d|524d| Tong
@,5 diém) | Thangdiém | 4/8 | 2/8 | 2/8 | 2/8 | 2/8 | 38| 48 | 18 | 25
Diém chim

5.1. Dinitrogen (N) tao thanh nhidu phirc chét véi kim loai ho d. Trong phirc chit don nhén, N, phoi tri
Véi nguyén tir kim loai M qua mét nguyén tir N (1) hodc qua ca hai nguyén tir N (2) nhur hinh minh hoa
dusi ddy. Trong ca hai dang nay, lién két phéi trf gitta M va N, gdm mot thanh phn o va mét thanh phén
5 .

| I>M
N s N =M N
(6Y) 2)
Chu y. k1 hiéu trong hinh v& trén khong thé hién ban chét lién két gitra céc nguyén tir.

a) Dya trén gidn do MO cuia phén tir N, m ta (bing 141 hoic bang hinh v&) su tao thanh lién két
giita M va N, trong timg dang (1) va (2).

Su tao thanh lién két gitra M va N, trong dang (1) 5 =
Lién két o(N,—M): MO o cia N, cho c3p electron vao AO d trong ( d .)ciaM

Lién ket n.-(N2<—M) AO d c6 c3p electron (d_ hodc d,) cia M cho vao MO = *tréng cia N,

Hoac 7{10 td béng hinh vé:

[ lienkéto , lienkétn
H " . - Tc

Sw tao thanh lién két giira M va Nz trong dang (2) .
Lién lget a(N2—>M) MO = ciia N; cho cép electron vio AO d trong (d, ) cia M

Lién ket 77:(Nz4-—M) AO dcdcdp electron (d hoidc d ) cia M cho vio MO 7' tréng cia Nz
Hoac mo ta bang hinh ve: ' ‘

,I--,', ke lién két o L

~Oliesta—

z
M

b) Vcn céc phuc chit d1mtrogen cung thanh phén phén tir, dang (1) hay dang (2) céd llen ket glua kim
loal M va N; bén horn'7 Péanh dau “x” vao 6 [_] tuong ung Giai tthh :

Dang c6 lién két gitra kim loai M va N, bén h(rn: K Dang (1) [JDang (2).

" | Giai thich:
HHI-Trang 28 14
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va MO z dé tao lién két o trong dang (1) va(2). MO 7 c6 muc nang

N, 14n luot sit dung MO o, thap h
lugng thip hon MO ¢, nén kha néng cho electron vao orbxtal cua kim loai M cia MO 7 ap hon

MO o,. Vi vdy, lién két kim loai M va N, trong dang (2) s& yéu hon trong dang (1)

Khi chiéu tia UV, Al chuyén
g8Ava2lll1 A. Ve~

¢) Phirc chit A1 va A2 c6 cung thanh phin [Os(NHg)s(Nz)](PFs)z
tha.nh A2. Do dai lién két giita Os va N ciia N; trong Al va A2 14n luot 12 1,84

céu tric Al, A2.

Ciu triic Al, A2:
[# ]
IN” i N==N k|
HSN ////,,," I ‘“\\\\\N H3 ' H3N ny, “\\\NH 3
/"OS“\ (PF6)2 ":.,Os "\ (PFS)Z
HNT | e | HN | T NH,
[ NH3 | : 5 NHZ _J
Al ' A2
D§ dai lién két giita Os va'N ciia N, trong Al va A2 Ian lugt 12 1,848 A va 2,111 A nén lién két
Os-N;, trong A1 bén hon trong A2. Do d9, theo y V.1.b, trong A1, N; la phdi tir 1 cang con trong
A2, N, 1a phéi tir 2 cang. (Hoc sinh khong can gidi thich).

5.2. Trong Hoéa sinh V& co, phirc chét dinitrogen dugc sir dung 1am mé hinh dé nghién ciu co ché
cd dinh nitrogen (su chuyén héa N, thanh NH;) trén cac tdm kim loai trong protein cia mdt sb vi
sinh vit. Nghién ciru tién phong trong linh virc ndy dugc thuc hién tlr nhimg ndm 1970 b&i nhém
cua glao su Joseph Chatt tai Dai hoc Sussex, Brighton, Vuong qudc Anh..Chudi phén img sau mé ta

mét sb két qua cia nhém nghlen clru nay.

Zn(Hg), PMe,Ph - Mg, PMe,Ph .- HCI (1:1) HCI (1:1 2504
> B1 ALY (o) (PR L) M (o (L) I S
CH,Cl, N, THF CH,OH CH,0H CH;OH CH;0H

trong d6: W 14 nguyén té vonfram. THF 14 tetrahydrofuran PMe,Ph 1a dxmethylphenylphosphlne

v6i khéi luqng mol phan tir 138 g mol ™. :
Biét: c4c chét tir B1 dén B6 1a phuc chit bat dlcn dorn nhan cua W. Phuc chat B2, B3, B4 va.BS

tudn theo quy tic 18 electron. Phin trim kho; lugng W trong céc phirc chit dugc cho trong bing

sau:

WCl,

L [5-Bl._]F “B2 B3 | B4 B5 B6
%m(W) | 30,54 | 2321 | 2297 | 2630 | 2500 | 2559

a) Phan tir B1 khéng phan cuc. Phén tir B2 khong c6 tim dbi xtmg. V& cAu tric B1, B2.
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[ Ciu triic B1, B2:
Cl ' N
PhMe,Pry,,, ‘ awCl PhMezP//,,,, | “\\\PMezPh
I;,W‘\\\
cn/ I \PMezPh N / | \PMezPh
Cl NZ PMe,Ph
B1 , B2

>

b) Cau ndi phuc trong B3 trung hoa. Dit kién pho cho biét phan tir B3 c6 3 loai nguyen tir
phosphorus. V& chu triic B3 va (cac) ddng phan 14p thé cia né, trong d6 v& r& lién két phéi tri xung
quanh nguyén tir kim loai trung tam. Hay chi 13 quy tic 18 electron cho B3.

_C:'iu tric B3 vz‘i chi rd quy tic 18 electron:

|| : W(+2) hé d*
. . HN=N- cho 4 electron
PhMeZP//”, \l,\l, “\\\PMeZPh PMe,Ph cho 2 electron
l Cl/ l \PMezPh Cl cho 2 electron
,l . PMe,Ph Sé electron quanh W: 4 + 4+2x3+2=18
g |
Ca ‘1‘ truc (cac) dong phan lap thé ciia B3 i
B NH
J
PhMezP//),,),,l':'l \\\\\PMeZPh

PMezPh

b

N

¢) Cu 'n§i phirc trong B4 trung hoa. B4 ciing tao thanh tlr phan Umg giita ddng phén lap thé cua B3
véi H'Cl th’eo ti 1€ mol 1:1 trong CH;0H. BS 1a chit dién li 1:1. V& céu trac B4, BS trong d6, v& rd
lién két‘ phai tri xung quanh nguyén tir kim loai trung tim. Hay chi 6 quy tic 18 electron cho B4 va BS.
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CAu tric B4 va chird qﬁy' thc 1’8'.e'|ec"tl_:on': '

NH,

N
PhMezP//,,”h I | “‘“\\\PMezPh
1, W.\\

C,/ \PMegPh

Cl
B4

CAu tric BS va chi rd quy.tic 18 électron:

®
[i% NH;

N

PhMezP,, l | aWPMezPh [C
H te, vvu“ :

Cl/ \PMézbh

BS

L cr -'._ .._

W(+4) h¢ d*

H,N-N2- cho 6 electron

PMe,Ph cho 2 electron

CI” cho 2 electron

S6 electron quanh W: 2+ 6 +2x3 +2 = 18

W(+4) hé d?
H;N*-N2" cho 6 electron
@ - PMe,Ph cho 2 electron.
Cl cho 2 electron :
So electron quanh W:2+6 + 2x3 E 2— 18

d) V& chu tric B6. Danh déu “x” vio.6 ] twong Umg véi tinh chat tir ciia B6. Giai thich.

CAu tric B6: .1 & bgesc
: - A L, T®,
PhMePy, | \“\\PMeZPh i
/w‘\ e
2 I PMezPh |
B cl 3
e 7 B |
Tinh chét tir ciia B6: 0 Thugn i "~ 'E Nghich tir.
Giai thlch
B6 chira W(+6) hé d’ nén B6 nghxch tu

d) Vlet phucmg trinh héa hoc cho phan tmg thily phan B6 trong méi trudng acid biét san phim duy
nhét chira vonfram cua qué trinh nay 12 WO,.

Phwong trinh héa hge:

[W(N)Clz(PMt::zPh)ﬂCl +3H,0 — WO; + 2HCI + NH,CI + 3PMe,Ph
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Ciu 6 Y | 61a | 61b | 61c | 62a | 62b | Tong
3,5 diém) Thang diém 78 | 558 | 68 | 98 | 78 3,5
‘ Diém chim :

6.1.’ Xanh Berlin 14 chit mau dugc sir dung trong nhiéu linh vuc nhu nhuém mau, in. 4n, h?i hoa. “
Chat nay duge didu ché bing phan tmg giita mubi sit(Ill) va K4[Fe(CN)¢]. Trong tm’h thé xanh
Berlin, Fe(II) va Fe(III) phan bb luén phién va két néi véi nhau qua phdi tir CN™ theo thir tur Fe(Il)-
C=N-Fe(IID). : ' S

a) Mot fian?g xanh Berlin c6 thanh phin KFe[Fe(CN)¢] va két tinh & hé lgp phuong v6i cdc jon
[Fe(CN)e]“' chiém tht ca c4c dinh va tim tAt ca c4c mit. Ton Fe** chiém tit ca cic th bét dién 't‘fong kh}
ion K* chiém mét nira sé héc tir dién. Hoan thanh 6 mang co s& clia KFe[Fe(CN)g] bang céch dien cac ki
hi€u qui uéc vao hinh cho dudi day. .

Hinh vé& 6 mang co s& cia KFe[Fe(CN)s]
@ recna-

. @ o
O Fes*

b) Dang it tan ciia xanh Berlin c6 thanh phén Fe4[Fe(CN)s]3:xHz0 (x = 10 + 15). Dang hop chét nay
ciing ket tinh & hé tinh the 14p phuong véi khung cau tric tuong ty KFe[Fe(CN)g]. -

b1) Biét tat ca ion kim loai phoi tri bat dién. Trong x phan tir nuée, chi » phén tir nuéce phdi tri véi
ion kim loai. Xéc dinh » va hoan thanh 6 mang co s& cia Fe[Fe(CN))3-nH,0 biang cich didn cée ki

hiéu qui'uéc vao hinh cho duéi day.
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S0 phin tir nwée phon trl vé6i ion knm loal n= 6 e
Hinh vé& 6 mang co sé ciia Fe4[Fe(CN)5]3 nH;O Sy
@ recva T

A Hzo . " :.;, :
O Fe"‘

~
-

ﬁ
€
y

[
!
=1

\

£
{1

.

. fes - o 2 .
, Q-;_____A Y :
" .
.

Trong 6 mang co s& cua KFe[Fe(CN)e] c6 4 don vi KFe[Fe(CN)s] hay K4Fe4[Fe(CN)gls. ..

Tt 6 mang co s& chira K4Fe4[Fe(CN)6]4, aé bleu dxen 6 mang co s& cua Fes[Fe(CN)g]; s€ loai bé 4
jon K" va 1 ion [Fe(CN)G] (twong (duong vcn 2 don vi [Fe(CN)s] & tAm cua 2 mit dbi dlen
hoic 8 don vi [Fe(CN)s] o 8 dinh). Kh1 dé .cAn bo sung. them céc phan tur nuorc dé bio hoa céu
ph01 tri bt dién clia mét sb 1on Fe’. ; :

S6 phén tir nuéc ph01 tri v6i ion Fe¥* trong mot 0 mang co s la n= 6

Hoc sinh c6 thé vé 0 mang co so nhu' cdc; cach sau

e —

T G Y WY & P L 47 W @

b2) Trong mang tinh thé Fe4[Fe(CN)5]3 nH20 & trén, cb AT loai ion Fe3+‘7 Xéc dinh 0 luqmg
ctia timg loai ion Fe** trong mgt 6 mang co sd.

e ——————— T

S6 loai ion Fe**: 02

S0 lrgng méi loai:

Loai 1: ¢6 01 ion Fe** phéi tri véi 6 nguyén tir N cia CN

Loai 2: ¢6 03 ion Fe** phéi tri véi 4 nguyén tir N cia CN™ va 2 nguyén tir O cua H,O0.

b3) Xc dinh khéi luong riéng cita tinh thé Fes[Fe(CN)g);'12H,0 biét hing sé mang a = 10,1 A.

Trong mot § mang co s& c6 1 don vi Fes[Fe(CN)e]a-12H:0.
Khéi lugng riéng:
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M, . ;
p= Fey[FeCN) J12H,0 1075,3 =1,73 gem™

N,xa® .°  6,022x10" x(10,1x107*)’

Khoi lrgng riéng: p=1,73 gcm™.

¢) K&t qua nghién ciru tir tinh ctia Fes[Fe(CN)glsxHO (x = 10 + 15) cho biét gid tri momen tir cho
mdi tAm Fe(IIT) 14 ~ 5,9 ps.

c1) Sir dung thuyét trrdng tinh thé, giai thich gi4 tri momen tir cho mbi tdm Fe(III).

¢2) Du do4n gi4 tri momen tir cho mbi tam Fe(II). Giai thich.

Luru y: V& so @b tich mirc ning luong céc orbital d.

Giai thich gi4 tri momen tir cho moéi tim Fe(III):
Trong mang tinh thé, ion Fe** phéi tri véi H;0 qua ddu O va/hoic CN™ qua d4u N (¥ VLLb.ii).

Trong ca hai kiéu lién két nay, cic ph01 tir tao trudng trung binh.
Khi d6, ion Fe** hé d° tdn tai & trang thai spin cao véi sy tich mirc ning luong cac orbital d va su

phan b electron trén céc orbital niy nhu sau:

dxz_yz, d,2 + +
A Oy
¥ I | I
Fe*, spin cao
M3i ion Fe** ¢6 5 electron dgc than nén Hopin = J5x(5+2) 5 92y, gan véi g1a tri thuc nghiém.

Dur do4n va giai thich gla tri momen tir cho méi tim Fe(II)
Trong anion [Fe(CN)g]*, ion Fe?* phéi tri v6i d4u C ctia phéi tir CN™. V6i kiéu lién két nay, CN™
14 phéi tir trudng manh.
Khi d6, ion Fe** hé d® ton tai & trang th4i spin thép voi su tdich mirc ning lugng cac orbital d va su
phan bd electron trén céc orbital niy nhu sau:

dxz_yz, d,2

diiid

Xy

d

Fe?*, spin thép o oo

Ton Fe?* khéng c6 electron doc thdnnén u=0. i

6.2. Nhiéu kim loai chuyen tiép & trang théi hoa tri I va Il c6 thé két ndi véi nhau qua ph01 tot CN™
va hinh thinh mang luér} cAu triic nhu trong xanh Berlin. Céc ion kim loai chuyén tiép c6 thé trao dbi
electron vgi nhau qua cau CN,

a) Phan 1’rpg giita K3[Fe(CN)s] va Co(NOs), trong nuéc khi ¢6 mit nitrate kim loai kiém MNO; tao
ra hop chét D1 (khi M = Na) va hop chat D2 (khi M = Cs). Két qué phén tich phin trim khéi luong
nguyén to dugc cho trong bang sau:

; % m(M) | % m(Co) | % m(Fe) | % m(C) | % m(N) | % m(H) | % m(0)
DI(M=Na) | 2,006 | 20,553 | 14,630 | 18,843 | 215984 | 2,443 | 19,541
D2 M=Cs) | 29,036 | 12,869 | 12.213 | 15731 | 18,353 | 1,311 10,487
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al) Tir c4c dit kién trén, viét cong thirc thyc nghiém ctia D1 va D2.

Cong thirc thue nghi¢ém cia D1:

2,006 20,553 14,630 18,843 21,984 2,443 19,541 _;.4.3.18:18:14
23,0 © 589 559 12,0 ~ 14,0 ~ 1,0 16,0

D1 1a NaCoy[Fe(CN)g]3:14H;0. -

Na:Co:Fe:C:N:H:0 =

‘| Cong thirc thye nghiém ciia D2:

Cs:Co:Fe:C:N:H:0 = 29,036 : 12,213 : 12,235 :15,731 :18,353 : 1,311 ; 10,487 —1:1:1:6:6:3
132,9 589 559 12,0 14,0 1,0 16,0

D2 1a CsCo[Fe(CN)s]-3H0.

o

a2) K&t qua nghién ciru cho thdy D1 chira Co(II) va Fe(III). D1 két tinh & hé tinh thé 14p phuong v6i
khung cAu triic tuong tu xanh Berlin. Hoan thanh 6 mang co s& ciia D1 bing c4ch dién céc ki hiéu qui
wéc vao hinh cho duéi ddy. Luu y: khong cin bidu dién céc phan tir nuée phéi tri véi ion Na™.

Hinh vé 6 mang co sé cia D1 .
T 6 mang co s& cua Fe4[Fe(CN)6]3 6H,0 (y VI.1.b. 11) de bidu dién 6 mgmg co s cua
‘NaCo4[Fe(CN)s]3-6H,0 cin thém 1 ion Na*.

B TE P v emR. e W ——
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a3) Biét D2 nghich tir. Sir dung thuyét trudng tinh thé vé so db tach mirc ning lugng céc orbital d,
va bién'ludn s6 oxi héa ciia céc nguyén tir sit va cobalt trong D2.

] electron doc than va Fe(IIl) hé d’ spin thap véi 1 electron dgc than.

V& va bién luin:

Véi thanh phan CsCo[Fe(CN)g], c6 2 trudng hop:

(i) Co(I) hé d” & Fe(ll) hé @®  hodic  (ii) Co(l1I) hé d° & Fe(II) hé d°

Truong hop Co(II) hé d’ & Fe(III) he d>, cc hé 18 electron khong c6 kha ning nghich tir.

Gidi thich cu thé (hoc sinh khéng cdn néu ré): trong trudmg bét dién, Co(Il) hé d’ spin cao véi 3

dxz_yz, d,2 —
dxz y2 d, + __?_
a. Al H A AL AL A
ﬂjxy: dyz, dzx K] | Ay, dyz, dzx K] [y [
' : ‘Co?*,spincao | Fe3*, spin thip

Truong horp Co(III) hé dé & Fe(II) h¢ d®, trong trudng bét dién, Co(III) hé d® spin thip va Fe(Il)
he d®s spm thap déu khong c6 electron ddc thin nén nghich tir.
dxz y2 d,2

| A A| Al
Gy Gz O —fy Ty Ty

Co*/Fe?*, spin thép

a4) Khxlamlanh 'téi 260 K, gié tri momen ti cia D1 gidm manh. Giéi thich sy thay d&i nay.

Glalthlch s i it < .
Khi lam- Ianh tm 260 K xdy ra qua tnnh chuyen electron (ox1 hoa khu noi phan tu) gita cdc iom

kim loai qua cau CN' NaCo®” [F63+(CN)6]3 — NaCo*Co™* 3[Fe’"(CN)gls.. - . g
Céc ion Co Va Fe2' & trang théi spin thip khong cd electron doc than (¥ VI.2.a.iii). So lu:qng ion |+ -
Co2, (co clectron doc than) glam manh nen gla tn momen tir cia D1 glam manh :

b) qu chat Ran[Fe(CN)s] (D3) tao thanh tu phén g giita K3[Fe(CN)5] MnCl, va RbCl trong
nuée. O 300 K, D3 két tinh & hé 14p phuong gidng véi KFe[Fe(CN)s] Khi ha nhiét 46 xuéng 30 K,
tinh chét: tu ctia D3 thay ddi r rét va mang tinh thé chuyén sang hé tir phucmg () mang co s hinh
hop chir: nhat v6i hai canh béng nhau va mét canh dai hon). Do dal mét sb loai lién két trong D3 &
300K va .aO K dugc cho trong bang sau: '
‘| Nhiétdd . . . 300K 30K
'D§ dai lién két FeC (A). 1,914 1,897
P dailienkét Mn-N (A) | 2,212 1,965; 2,211

. HHI-Trang/;’js“.;)_z &
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b1) Gii thich sy thay d8i 4§ dai lién két Fe-C.

kim loai

Giaii thich: 4
Tuong tu véi y VI 2.a.ii, sy gidm nhiét dq dén t6i sy chuyén electron giifa cic ion

chuyén tiép qua ciu CN™: ‘ .
Ran2+[Fe3+(CN)6] — Ran’*[Fez’"(CN)(,] hoiic Ran’*[FeZ*(CN)s] — RbMn"'[Fe” (CN)e]
e3* c6 mat do dién tich

Lién két Fe-CN~ gom 2 thanh phin g(Fe—CN") va 7r(Fe—>CN-) Do F
duong 16mn hon Fe?* nén lién két m(Fe—CN") trong phtrc chét ctia Fe(III) kem bén hon trong phirc
chét ctia Fe(II). Do vy, lién két Fe~C trong [Fe**(CN)s]>~ dai hon trong [F e? (CN)s]

Nhu vay, qué trinh xay ra khi ha nhiét d6 dén 30 K la:
" RbMn?'[Fe**(CN)s] — RbMn**[Fe**(CN)s]

din téi sy giam do dai lién két Fe—C.

b2) Str dung thuyet truong tinh thé vé& so da tach mirc ning lugng céc orbital d va giai thlch su thay
dbi do dai lién két Mn—N. a,

Vé va gidi thich:
Khi ha nhiét d, su chuyén trang tha1 Mn(II) — Mn(III) din den su gidm ban kinh ion va do do su
gidm d6 dai lién két Mn-N. (178) -

(Chii y: lién két Mn-NC" 1 lién ket a(Mn<—NC')) )
3 30 K, trong truong bat dlen deu Mn(III) hé d (o trang tha1 spm cao co 2 su phan bd electron co

thé.

dxz_y.z,dzz 1 o ' |
i el SN SR S I

dyy, dyz: dzx
Mn’ ,sbmcao f.'

Véi2su phan b6 electron trén, Mn®* chlu anh hudng 16n cua hleu ung Jan Teller.
Do d6, moi trudong ph01 tri quanh Mn s& bién dang kéo dai theo mot truc va s& c6 2 kiéu do dai
lién két Mn-N. Su bién dang nay cung din tm su chuyen pha tur mang tinh thé lap phuong sang tir

phuong.
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' Ciu? Tda | 20b | %e | 704 [ 200 ] 72 | 720 | Téng
® (20 *) Thang &iém i | 2% U8 48 48 68 48 10
thém chim

Trong mudc thii cda cic nha miy ma chromium thudmg chira him hagng 1ém chromium, ta tai
o yéu & dang Cr™* vi Cr0,™. Téng him hugng chromium trong miu nude thai (goi 1A miu nude A)
cla mdt nhi miy ma chromium do dupe 1A 4368 mg Cr L™, mco-nuocmuuz.w(doonmm
ac3d manh gly nén).
7. D¥ xéc Einh ndng 89 cia Cr:0;>" trong miu mude A ndi trén. Hit chinh xéc 10,00 mL miu nude A,
a&&mﬂ.o.&mﬁq&.mmmaommwh&IAmemaxh
FeSO,.
-)Viﬁmuuphuuammmdm&;x(amx)a\-punmchdnao.
Cho bilr. & 298 K: EYCrOs>, H'/OP") = 1,30 V; EX(Fe" /) = 0,771 V.

Phin éng cbuln &4
G + CrOS « W & 6" + 0"+ THO
1ing o8 cin hing :
D55 T W LR I 0 Y
K=10 o T T

»madmﬁqﬁmmﬂ.mmn&ga(m L) ciia CP* vi CrOy*" trong miu
nudc A,

Ning 8 chc chit:
Téng nbng 85 Or 14 8,80x10° M

ruhuqd-ba.aux «0,0,’3--:(&") 2.40::]0" (mol)

= ([0r0;") = 2.40:10° M
= Q0™ = 84x107 - z«z.n-uo*-m-ur'

ac’™)= Ml-ll"'-dl." ' acnov’)-z.u-u"-du‘.

ummaummmumwmﬁﬁmmmmmmw
Sibm At thic chuln @) they abi shy thé ndo? Gidi thich. Biét ring dang oxi héa clia chi thi

p-aimodphenylamine o6 méu tim con dsng khi khong miu

Sy 8% mbu cia cbi th] t3i diém Lt thise chudn 0§:

O i &5i 1 mbu tim (dang oxi hés) sang khdng méu (dang khi).

Gii thich:

Qu trinh chudn 89 chit oxi héa bing chét khir nén chi thi s2 chuyén 1 dang oxi héa sang dang khar.

@) Tisd thé cls dién cuc Pt nhing trong dung dich chudn @) tai diém tuong duong (Erp) 6 298 K.
Cho rimg: vie @iy chish pH vi thém chi thi khong lim thay ddi thé tich mdu nude A; cic thinh phin
Ahic ol mds modic A bhéing énh hudng dén két qud tinh 10dn; pH cia dung dich chudn 89 duge duy
tr bimg O tromg st qud trinh chudn 63; nling 89 chi thi 14 khing ding k4.

Cho bl
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<! Thies' (1): [Fe?'] = 6[Cr;07].

. N "
ct+  HO0 = COH 3 i
F& + HO = 1=e0H2+ ~ H*  *B(FeOH H=10 L
Fez." + HO0 = FeOH + H *B(FeOH") =107
/—-‘1.
. Céc tinh todn: - - . e
“Coi diém két thic chuén do rat gin d1em tuong duong, tai thoi dlem tuong duong:
sy _14,4x0,010_ 5 500 10 (v :
C(Fe™) =4 a+100 O _
10,0x2x2, 40x10° +10,0x3,60x10” 0
is ~=3,443x10
Q)= 14,4+10,0 1 ™.
| Xét can bing:

GRF + 20° + TH,0 =  6F + Crnof + 4HT K= 107566 )

3 pH = 0, bd qua phire hidroxo cia céc Fe**; Fe?*; Cr*.
Do K' = 1075696 << 1 nén coi nhu cin bing (1) khong dang ké.
= [Fe**] = C(Fe**) = 5,902.10° M; [Cr**] = C(Cr”) 3,443.10° M; [H*] =1,0M.

Thé can bang tinh theo cip Fe**/Fe**:

.. E

1

o = E°(Fe" [Fe™") +0,05921g [[IFf {

Thé c4n bing tinh theo cip Cr,07/Cr*:
0, 0592 [Cr,O3 JH* 1"

E, = E°(Cr,0¥ /Cr*") +
d (_.r_ 7 T ) 6 [C 3+]

'Két hop 2 biéu thitc trén, tinh dugc:
_ 6xE°(Cr07/Cr) +E°(Fe™ [Fe™) | 00592 [Fe™]x[H']"

1 e ~ g 7 8 6x[Cr‘*]

" 6x1.330 +0,771 - 0,0592 5,902x107 x1,0"
=. 2 .. ] ; + v ] 1 _12 :
7 ' 7. & 6x(3 443x10'3) 5 (V)

The ciia dlen cu’c Pt nhung trong dung dich tal dlem tu0'ng du'o'ng ETD = 1 266 V.

. ,d) Cho rang co the quan sat duorc su dbi mau de dimg chuan do kln mot trong hai dang cua ch1 thi c6

- nong 0 16m'§ gap 10 lén nong dg cua dang CRfl Taf, o 5 =

Tmh sai- sb (q) do chi thi p—mtrodlphenylamme gay nen cua phep chuan do trén. T do cho’

oy, :blet v1ec b qua sai s6 chuén'd$ do chi thi ¢6 hop 1i hay khong‘7 Biét ring trong chuén do thé tich thi

" sai s6 cho phép do chi thj trong khoang +1,00%.
Cho biét: G298 K:

| Céc tinh to4n:

+ Tai thoi diém két thic chuin do, ndng do cta dang khir gdp 10 13n ndng do cuia dang oxi hdéa. Do
vay thé chuyen méu ctia chi thi p-nitrodiphenylamin 13: Esi mau = E°-0,0592/2=1,030 V.

Phep chuén d4 chit oxi hoa bang chét khir nén thé ctia hé giam dan. Do chi thi c6 Egn < Em nén phép
chuan do dimg sau tuorng duong = Fe?* du= The cua hé duorc tinh theo cap FeX*/Fe** '
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i ‘/ + i
‘ Bate L E = E°(Fe‘ /FGB) +0 05921g{£—§—0 771+ 0 0592]g|'::Fe ]— 1,030 (V)
5N ]

= [F°2+] = 104,375-
¢ [FeT) . :
Mit Khéc, tai thoi diém két thic chuéin 9, sai s8 chudn 45 méc phai 1a:

" (CV)_.. —6(C,.,

Fe** °)Cr,0§‘
6(C,.V,)
Do K' =10736% << 1 nén coi nhu cin bing (1) khéng déng ké.

(CN)pe =6CVdeser _ [FE] _ , as

( °)Cl‘20-';- [Fey]

Sai 56 q 4,21 10%.
Do sai so chuan 6 rét nho nen viéc bo qua sai s6 chudn d6 12 hop li.

Ket luan vé viéc bé qua sai s6 chuén d: g
' g IE H0'p li [[] Khéng hop li.

.q_

Do véy q. =

; - .
7.2 Truoc khi thai ra méi trudng, nuorc cin duge xir 1i dé 1am gidm luong chromium theo nguyén
tic nhu' sau: dAu tién khir Cr(VI) vé Cr(III) bing chét khir thich hgp, sau d6 diéu chinh ting pH cia
dung duch de loai bo Cr(III) ra khéi nuéc duéi dang két tiia Cr(OH)s. :
| De xu li 1,00 m® miu nudc A néi trén, thém 500 0 mL dung dich H,SO4 déc (nong d6 98%, kh01
lugng heng D =1, 84 gmL” "y vao dé acid h6a mau rdi thém tiép 750,0 g NaHSO3 dé khir Cr(V D vé
Cr(III)
a) Bang tmh toan hay cho biét, v6i qui trinh tren co thé khir dugc hoan toan Cr(VI) hay khong? Biét
ring Qr(VI) duoc coi la khir duge hoan toan néu ndng dd con lai ciia né trong nuéc khong vuot qua
0,10 mg' Cr-L™: Bo qua anh hudng cua-oxi khong khi dén két qua xt Ii. .
Cho bjiéfii(r-298. K: E%(SO427/S05*,0H") = -0,93 V: pKy(HSO4) = 1,99; pKal(HZSO3) =.1,76;
pKaz(stog) 7,21 pKw = 14,00; Do tan ctia SO, trong nuéc > 1 M. .

Czictmhfoan e T A T A R gt T

pH = 2,10; [Cr0H2+] 7,04.107 (M) << 10‘2 1% (M). Do d6 su dong gop H* do g cin bang tao phitc |
hidroxo clia CF** 14 kiiéng déng ké = CEH) =102 (M). " . kL |
Do V(H2804) 0,5 L<< 1000 L ncn c01 nhu the tlch cua miu A khong thay dm

.,.-,soo'g<~1,84x9s 920 ( 01)
10098 -

' B g0 :
CHSO -—-——920 10‘3 .
=5C( ) 1000. (M)
~750,0
+CNaHSO ———'7212 10'.3 -
( .) 104x1000 (M)

Thanh phan ban d4u cia dung dich gom : e :

C(Cra077) =2,40x107° M; C(cﬁ*) 3 60><10'3 M; C(H =1 714><10‘2 M; C(HSOy) = 9,2x107 M;
C(HSOy) = 7,212x107° M. ¥ ST R : s

Phan (mg xay ra khi cho NaHSO; vao j

_3HSOy™ + Cr.07” H‘—> 3504 4 ..2CP +4H,0 (K=1005> 1)
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Saupw: 12x10° - —  514x10° 7,20x10 8,40x10

TPGH: ’ A

C(Cr*) = 8,40x10° M.

C(SO4>) =7,20x107 (M);

CHSO04) = 9,20x107 (M);

CH") = 5,14x107 (M);

C(HSO57) =1,2x107” (M)
(Néu hoc sinh ké dén phdn img giita H' va SO/ "thi TPGH la: ccrt) =
C(SO#) = 2,06x107 (M); C(HSO,) = 1,434x10°% (M); C(HSO5") = 1, 2x107° (M)).

840x107 M;

Xét can bang: ,
3804 + 20" +4H,0 = 3HSO; + Crn0 + SH K = 107252
@ . |
Do K =10712%%2 <<1 nén céin béing (2) khéng dang ké, pH quyét dinh bi thanh phén gi6i han.
Can bing: Lo ® .
crt+ H0 = CoH*+ H © *B(CrOH*= 1074
HSO4 = 8042_ + H’" Ka(HSO,;j - 10—1,99
HSO5™ . = SO32_ + H K= 1077
HSO; +H = HsS0; . . Ky ~'= 107
H20 = }'I+ + OH Kw= 10—14

Bo qua cén bing phin li ciia H,0, cin bing phan li acid ciia HSO;".
Tir bidu thire PKP, tinh duge: [H] =7,55x107> M.
=[Cr] =8, 23x107 (M); [SO4 ‘] 9,44x107 (M); [HSO;7] =8, 37x10°8 M).
Tir c4n bing (2), tinh dugc: [Cr,077] = 10737 M.
Ham luong ctia Cr(VI) trong nuéc la 0,10 mg Cr/L, tuong ting véi ndng d Cry07 12 9,62x1077 (M).
[Cr,077] = 107" M << 9,62x1077 (M). V4y phuong phép trén c6 thé loai bo duge Cr(VI).
Két luin vé viéc khir Cr(VI):

X Khir dugc hoan toan []Khéng khir dwge hoan toan.
Chii y: Trong bai nay khong cho K;(HCrO4") nén khong tinh dén dang HCrOy4". Néu HS nio tinh dén
| dang tdn tai ctia HCrO4 theo cén béng:

Cr,07 + H0 = 2HCO, K= i

Thi tinh dugc [HCrO4] = 10 577 M thi téng nong d9 céc dang Cr(VI) con 1a1 trong dung dlch la
10557 M << 1,92x10 M thi vAn cho di diém.

k b) Sau khi khu Cr(V D vé Cr(IID), truéc khi thi ra méi trudng, su dung NaOH @& chinh pH téng 1én
nhim két tia Cr(III) dudi dang két tia Cr(OH);.

Tinh khm lugng tdi thidu (theo kg) ciia NaOH cin cho vao 1,00 m® mAu nuéc A (sau khi da
khir Cr(VI) vé Cr(III) nhu trinh bay (’y trén) @& ham lwong Cr(I11) con lai trong nuéc khong vugt qué
0,50 mg CrL™".

‘Chobiét: ~ Cr(OH);{ +OH & . Cr(OH)y * 0 K=l
pKs (Qr(OH);_) =29,8.

Cic tinh toan b3, g
Nbng do Cr’ chio phép trong nuée thai thi da 1a = 9, 67><104 (M)
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’ < - b3 by Nl + N 7
P 1oat bo Hoani i Cr’™* dudi dang két tiia Cr(OH),, & dam bao ndng d§ Cr(Ill) dua vé dén
phép = [Cr"']+ [CrOH™] + [CK(OH),] < 9,62x10°,
K, K, "+
+ S e s -
HoT T [HOT +[OH"] < 9,62x107*

Thay sb va giai phuong trinh, ta duge: 6,71 < pH < 8,98.
Viy dé' két tita hoan toan Cr(III) thi cAn didu chinh pH 1én dén gié trj thp nhét 12 6,71.
| Tai pH=6,71:

. 9- 2-
SO, _] >>1; ROl 1
[HSO;] [HSO5]

Cr(IlT) con du trong dung dich khong déng ké. Do viy NaOH cho vio két tiia hoan toan Cr(IID);
trung hda hoan toan H', HSO,4™ va trung ha 1 phan HSO5™. '

Phén tmg: .
. H_ + OH - HO
1~ HSOs + OH - SO& + HO
b..cft +  30H —»  Cr(OH)
HSOY + OH - S0 + HO

l -7,21
10-7.21 + 1 0-6.7I
(Néu & 5’{"&) hoc sinh ké dén phén img giita H'* va SO" thi khong viét phin img H* va OH, biéu thikc
tinh C(OH~) ¢6 dang:

C(OH )= 5,14x10™ +9,20x10 + 3x8,40x107 +1,2x107 =3,954x107 (M).

-

1 O—7.2|

C(OHF)

£ 1,434x107 + 3x8,40x107+1,2x107 =3,954x107 (M)).

Khbi lgf{y‘f';tngaOH cin diing dé két tia hoan toan Cr(III) ra khéi 1,00 m’ nudc la:
m(NaOH) = 3,954.107 x40x1000 =1582(g).
Khéi lirgng NaOH cin diing Ii: 1,582 kg,

. Th sinh khong dz;ac st dung tai liéu;
"' Gldm th khong gidi thich g1 thém.
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