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PE THI CHINH THUC Mén: HOA HQC

Thoi gian: 180 pht (khdng ké thoi gian giao dé)

Ngay thi thir nhat: 27/12/2019

(Pé thi c6 04 trang, gom 06 cau)
Cho:H=1;C=12;0=16; P =31; S =32; Cl = 35,5; Ca = 40; Ni = 58,69; Co = 58,93; La = 138,91;
eo = 1,602.10° C; Na = 6,022.10% mol™%; h = 6,626.103* J-s; ¢ = 3.108 m.s’%; F = 96485 C-mol™*; R =
0,08205 atm-L-Ktmol?; 1 W =1 Jst; 1 Ci = 3,7.10'° phan ras?; Zc, = 27; Zni = 28; & 298 K:
2,303RT _ o eos

Céc ki higu viét tdt: dd: dung dich; k: khi; I: 1ong; r: ran.

Cau | (3,0 diém) o
Nang luong En cua electron trong nguyén tir hydrogen duoc tinh bang biéu thuc:
R
E =-——4

n nz

Trong do: Ry la hang s6 Rydberg, n 1a s6 luong tir chinh (n=1, 2, 3,0

1. Bué6c song dai nhat trong day phd Balmer khi electron chuyen vé trang thai nang luong E (n=2)la
657,0 nm. Tinh gia tri hiang s Rydberg (theo eV) trong biéu thuc trén (ghi két qua voi 3 chir s6 sau dau
phay).

2. Nang lugng cua phan t Hz ¢ trang thai co ban 14 31,675 eV.

a) Tinh nang luong can thiét (theo eV) cho su phan cit dong li cia mot phan tir Hz & trang théi co ban.
b) Biét ai lyc electron caa nguyén ti hydrogen 1a—0,757 eV. Tinh niang luong can thiét (theo eV) cho su
phan cit di li cia mot phan tir Hp & trang thai co ban.

c) Biét nang lwong phan li cua cation H; 1a 2,788 eV. Tinh nang lugng ion hoa thir nhat (theo eV) cua
phan tir Ho.

Biét trong cac truong hop trén, cac hat dugc hinh thanh déu ¢ trang thai co ban.

3. M6t phan tir Hz ¢ trang thai co ban hap thu mot photon ¢ buéc séng 83,0 nm.

a) Qué trinh nao trong ba qua trinh: phan cit dong i, phan cat di li va ion hoa s& xay ra?

b) Xac dinh cac trang thai electron c6 thé va tinh tong dong ning (theo eV) ctia cac hat hinh thanh tir qua
trinh xac dinh dugc ¢y 3.a).

Cau 1 (3,0 diém)

1. Khi methane thuong duoc st dung lam khi dt dé cung cap nhiét cho muc dich dan dung va mot s6
muc dich cong nghiép.

Tinh nhiét d6 16n nhat (theo d6 Kelvin) ma ngon ltra c6 thé dat duogc khi dét chdy methane bang oxygen
khong khi ¢ 1,0 atm. Biét methane va khong khi cd nhiét do ban dau déu la 298 K, khong khi duoc liy
dé luong oxygen phan @ng vira du véi methane.

2. Thach cao nung (CaSO, -%HZO) duogc san xuat bang cach dehydrate hda mot phan thach cao séng
(CaSO, -2H,0) trong 10 nung ¢ 400 K:
CaS0, - 2H,0(r)——>CaSO0, -%Hp(r)% H,0(k) *)

a) Tinh AH° (theo kJ-mol™?) ciia phan ung (*) tai 298 K va 400 K.

b) Ning luong can thiét dé thuc hién phan tng (*) dugc cung cap boi qué trinh dét chdy khi methane
bang oxygen khong khi. Tinh khéi lwong thach cao nung (theo kg) thu duoc khi st dung 1,00 kg khi
methane lam nhién liéu cho qua trinh nung thach cao.

Biét khdng khi duoc 13y vira da cho phan tmg d6t chay, thach cao song va hdn hop khi dugc dua vao 16
nung & 298 K, thach cao nung va khi di ra khoi 10 nung cé nhiét d6 400 K, hiéu suat nhiét cua 16 nung la
80,0%.
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Cho biét:

+ Khong khi chi gom N2 va O c6 ti 1¢ sé mol twong tng 12 4 : 1.

+ San pham d6t chay methane 1a CO2 va hoi nudc.

+ C4c gié tri nhiét dung khéng phu thudc vao nhiét d6 trong khoang nhiét @6 nghién cuu.

+ Nhiét hinh thanh chuén (A,Hg,) va nhiét dung déng ap (C;) cua cac chéat & 298 K duoc cho trong

bang sau:

1
H0(k) | Oz(k) | Na(k) | COx(K) | CHak) | CaSO, -2H,0(r) | Caso, - H,0(r)
ArHase —241,82 0 0 -393,51 | -74,81 -2021,00 -1575,00
(kJ-mol™)
CO
P 33,58 29,36 |29,13| 37,11 35,31 186,00 120,00
(-KLmol?)

Cau Il (2,5 diém)

1. Pin nhién liéu dwoc nghién ciru rong rdi nham thay thé ngudn nhién liéu hoa thach ngay cang can kiét.
Trong pin nhién li¢u, dong dién dugc tao ra do phan tng oxi héa nhién li¢u (hydrogen, carbon monooxide
methanol, ethanol, ...) bang oxygen khong khi. Pin st dung nhién li¢u l6ng nhu methanol, ethanol dugc
dac biét quan tam do c6 ngudn nhiéu liéu sinh hoc doi dao va pin hoat dong & nhiét do thuong. Cau tao
caa mot pin ethanol-oxygen nhu sau:

(=) Hop kim Pt/Ru | C2HsOH(I), KOH (dd) | mang khuéch tan ion | KOH(dd), O2(k) | Hop kim Pt/Ru (+)
Trong d6 C2HsOH bi oxi hoa thanh CO2 va H»O.

a) Viét phuong trinh hoa hoc cho ban phan ng xay ra & mdi dién cuc va phan tng tong cong xay ra khi
pin hoat dong. Tinh sirc dién dong chuan cua pin ¢ 298 K.

b) M6t bong dén LED c6 cong suat 1,5 W duoc thap sang bang pin nhién liéu ethanol-oxygen. Tinh thoi
gian (theo gio) bong dén dugc thap sang lién tuc khi sir dung 20,0 gam ethanol 1am nhién ligu. Biét hiéu
suit qua trinh oxi hoa ethanol & anode 1a 40,0%.

Cho biét:
A¢Hgs (kJ-mol™) So, (3-KLmol?)
02(K) 0 205,14
H20(1) 285,83 69,91
C2HsOH(1) 277,69 160,70
COu(K) 393,51 213,74

2. Mt loai pin sac hoat dong dua trén phan tng sau:

6 NiO(OH)(r) + LaNisHa(r)$>6 Ni(OH), (r) + LaNi (r)
Pin gom hai dién cuc, mot dién cuc 1am bang hop kim LaNis ca lanthanum va nickel (dién cuc 1), dién
cuc con lai lam tir Ni(OH)2 (dién cuc 2). Méi truong di¢n i trong pin la dung dich KOH 30%.
a) Viét phuong trinh hoa hoc cho béan phan ung xay ra & mdi dién cyc trong qua trinh tich dién cua pin.
b) O trang thai ban dau, pin khong tich dién, di¢n cuc 1 co khoi luong 1a 5,0 gam, Ni(OH)2 trong di¢n
cuc 2 cling c6 khoi lugng 1a 5,0 gam. Néu st dung dong dién mot chiéu c6 cuong do khong doi 3,0 A dé
tich dién cho pin (sac pin), sau bao nhiéu phut pin duoc sac day? Tinh khoi luong (theo gam) cua di¢n
cuc 1 khi pin dqqc sac day.
Cau IV (3,0 diém)
1. Trong dung dich nuéc, anion iodide (17) dé bi oxi hoa bai anion peroxydisulfate (S,027) theo phuong
trinh hoa hoc sau:

S,02°(dd) +3 1" (dd)——2 SO> (dd) + I;(dd)  (**)

Nong d6 caa 15 theo thoi gian duoc theo ddi bang phuwong phap do d6 hap thu quang do cau tir 15 ¢6
mau trong khi cac cau tir khac khong mau. Nguoi ta tién hanh hai thi nghiém ¢ 298 K dé nghién ctu
dong hoc cua phan tmg (**) va thu dugc két qua nhu sau:
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Thi nghiém 1: Nong d6 ban dau cia cac chat: C°(S,027) =0,002 M; C°(17) = 0,600 M.

Thoi gian (5) 0 20 40 60 80 100
C(13) (M) 0 2,6.10* | 4,9.10* | 6,9.10* | 8,6.10* | 10,1.10*
Thi nghiém 2: Nong d6 ban dau cua cac chat: C°(S,027) =0,003 M; C°(17) =0,300 M.
Thoi gian (5) 0 20 40 60 80 100
C(13) (M) 0 2,0.10* | 3,9.10* | 57.10* | 7,3.10* | 8,8.10"

a) Xéc dinh phuong trinh dong hoc, bac va hang so toc do cua phan Gng (**) tai 298 K.
b) Co ché caa phan tng (**) dugc dé nghi nhu sau:

5,02 (dd) + I7(dd) kk: 1S,0% (dd)

1S,05 (dd) —% 5 2S0%(dd) + 17(dd)

I(dd)  + I"(dd) —< 1,(dd)

I,(dd) + 17(dd) —%— I;(dd)
Gia sir c6 the &p dung nguyén Ii nong do dirng cho tat ca cau tir trung gian. Chimng minh rang co ché trén
phu hgp véi biéu thuc toc do xac dinh tur thuc nghiém.
2. %P0 1a mot trong cac dong vi cia nguyén té polonium. 2°Po phan ra ¢, tao thanh dong vi bén 2%6Pb
vai chu Ki ban rd 138,4 ngay.
a) Mot thiét bi phat hién duoc do phong xa nho nhét 1a 10 pCi. Tinh luong *°Po nhé nhat (theo gam)
ma thiet bi nay co thé phét hién duoc.
b) Chat thai phong xa chira 22°Po dugc coi la an toan véi moi truong khi do phong xa khong vuot qua
0,25 uCi. Mot mau chat thai ban dau chira 0,10 mg *°PoCl duoc coi 1 an toan phdng xa sau thoi gian
ngan nhat la bao nhiéu ngay?
Cau V (4,5 diem) ‘ ‘ ’ ’
1. Nguyén t6 X c6 trong thanh phan cua cac acid A1, A2 va A3. Phan tram khoi luwgng cic nguyén to
trong Al, A2 va A3 nhu sau:

Chat %0 %H %X
Al 46,72 1,46 51,82
A2 56,81 1,18 42,01
A3 63,68 1,00 35,32

a) Xac dinh X, A1, A2 va A3. Sap xép theo chiéu ting dan tinh acid cua A1, A2, A3 va giai thich.

b) Pon chit cia X phan tng véi dung dich KOH lanh, duoc dung dich chra X1. Pun néng dung dich
nay duoc dung dich chira X2. Hop chat X1 phan wng véi KI ngay trong mai truong trung tinh trong khi
X2 chi phan &ng véi KI trong méi truong acid. Oxi hda X2 trong diéu kién thich hgp dwoc X3. Hop chat
X2 phan ung véi SO2 hoic oxalic acid trong méi trudng sulfuric acid déu tao ra chat khi X4 mau vang
luc, tan nhiéu trong nudc, chira 52,59% nguyén té X vé khéi lugng. Hap thu X4 vao dung dich KOH,
duoc dung dich chi chira X2 va X5. Hop chit X4 ciing duoc tao thanh khi cho X5 phan ang vai dung
dich HCI. Biét X1, X2, X3 va X5 la cAc mudi tan trong nudc.

Bién luan va xac dinh X1, X2, X3, X4, X5. Viét phuong trinh hoa hoc ciia cac phan tng lién quan toi
X4 ¢ trén.

2. Quing smaltite ding dé san xuit nickel thudng c6 ham lugng nickel thap va Ian mot sé kim loai nhu
st va cobalt. Sau khi d6t chay quang smaltite duoc hdn hop chat rin B1 gom NiO, FesOs va Co304. Hoa
tan B1 trong dung dich HNO3 dic, du, dugc dung dich B2. Thém CaCOs du vao B2, sau khi phan trng
két thic, dugc két tia Y1. Thém tiép chloride voi vira dii vao hdn hop phan ung duoc tiép két tua Y2.
Loc tach Y1, Y2 va CaCOs du, thu lay dung dich B3. Thém dung dich xut du vao B3, loc lay két taa roi
nung trong binh kin t6i khéi lugng khong d6i, dugc chét ran Y3. Nung nong Y3 trong dong khi Ha, duoc
chat ran Y4 1a nickel kim loai c6 13n mot lugng nho cobalt kim loai.

a) Viét phuong trinh hoa hoc ciia cac phan ung xay ra trong qua trinh diéu ché nickel trén.

b) Bé diéu ché nickel tir Y4, ngudi ta thuc hién quy trinh sau: Pun néng Y4 véi khi CO ¢ &p suat cao
dén 80 °C, duoc Y5 va Y6 lan luot 1a phuc carbonyl cua nickel va cobalt. Khi giam ap suat, Y6 dan
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chuyén thanh Y7 khi bay hoi. Lam bay hoi Y5 khoi hén hop rdi phan hay ¢ 230 °C, dugc nickel c6 do
tinh khiét cao. Biét phan tram khdi luong carbon trong Y5, Y6 va Y7 lan luot 13 28,12%, 28,08% va
25,19%.

Str dung quy tic mudi tam electron, xac dinh cdng thirc phan tir va vé cau tric cua Y5, Y6 va Y7.

3. Trong tinh thé nickel(11) oxide (NiO), m&i nguyén tir nickel duoc bao quanh bai sdu nguyén tir oxygen
tao nén nhitng bét dién déu giéng nhau. Biét rang tinh thé NiO thudc hé 1ap phwong trong d6 nguyén tir
oxygen chiém vi tri cac dinh va tdm cac mat cua hinh lap phuong.

a) Lap luan va cho biét vi tri cia nguyén tir nickel trong mdi 6 mang.

b) Biét khoang cach gitra hai nguyén tir oxygen gan nhat trong mang tinh thé cua NiO 14 2,97 A. Tinh
khéi luong riéng (theo g-cm %) cua NiO.

Cau VI (4 diém)

1. Bé tao vi chua cho nuGe coca-cola, ngudi ta thuong thém HzPO4 véi ham lugng phosphorus 1a 160
mg trong 1,0 L nudc ubng nay. Ngoai ra, tong lugng CO2 dugc nén vao chai chira 330,0 mL nudc coca-
colala1,10 g.

a) Gia thiét toan bo CO> tan trong nudc coca-cola. Tinh 6 chua (pH) cua nudc coca-cola trong chai.

b) Sau khi m& nip chai coca-cola va dé can bang trong khdng khi thi pH cua nuéc coca-cola thay ddi
nhu thé nao? Giai thich.

¢) Tinh thé tich (theo mL) dung dich NaOH 5,00.10° M can cho vao 10,0 mL nuéc coca-cola &'y (b) dé
thu duoc dung dich c6 pH = 8,00. Bé qua anh huang cia CO; trong khong khi dén thi nghiem.

d) Thuc té, chai coca-cola c6 dung tich 350,0 mL chi chtra 330,0 mL nuéc coca-cola va 1,10 g CO,. Do
vay, mot phan CO; ton tai trong phase khi. Tinh &p sut (theo atm) caa khi CO, trong khoang khdng phia
trén chat long trong chai. Coi nuéc bay hoi khong dang ké, trong chai coca-cola khong cé khong khi.
Cho biét: 0 298 K, H3PO4 c6: pKaz = 2,15; pKaz = 7,21; pKas = 12,32; (CO2 + H20) ¢6: pKa1 = 6,35; pKaz

. N _ P,

10,33; CO,(dd) = CO, (k) K, co:
0,0385% vé s6 mol; ap suét khi quyén 1a 1,0 atm; cac thanh phan khac trong nudc coca-cola khong anh
huoéng dén két qua tinh toan.
2. Dé tach iodine ra khoi nuéc tir dung dich chira ion iodide (1), cd thé oxid héa I~ thanh I, bing tac
nhén thich hop réi chiét vao dung mai hitu co. Tién hanh thi nghiém sau: Lay 10,0 mL dung dich A gom
K10,012 M va KCI 0,012 M tron vai 10,0 mL dung dich K2Cr207 0,050 M va 20,00 mL dung dich dém
c6 pH = 2,50 (gia thiét pH cua dung dich dém khong ddi sau khi pha lodng va sau phan ¢ng) roi thém V
(mL) chloroform (CHCIs) vao hdn hop, lic déu. Sau khi hé dat tgi trang thai can bang, tach iy phan
chloroform chtra I».
a) Tinh gié tri cua V dé c6 thé tach duoc 99,0% lugng iodine ra khoi dung dich nuéc.
b) Dung dich B gom K1 va KBr ¢6 nong do bang nhau va bang 0,012 M. Bang tinh toan, cho biét néu sir
dung quy trinh nhu thi nghiém trén c6 thé tach riéng duoc iodine khéng? Biét rang, iodine duoc coi la
tac riéng khi téi thiéu 99,0% luong iodine va tbi da 1,0% lugng bromine dugc chiét vao pha hitu co.
Cho biét: Cac thi nghiém déu thuc hién & 298 K;;
0298 K: E° .=1,330V; E? =1,360V; E? =1,085V; E° =0,621 V; do tan

Cr02", H* jCr* Cl, (dd)/Cl- Br, (dd)/Br™ I, (dd)/1-

]:30,2; ham lugng CO: trung binh trong khéng khi la

cua Bra trong nudc la 0,214 M; do tan cua |2 trong nudc 1a 1,30.10° M; su phan b cua Bra va |, gitra hai
pha nuéc — chloroform theo 2 can bang sau:

[Br,]
BrZ(HzO) ~ BrZ(CHCIS) b1 = ﬁ =37,
21(H,0)
N 1] cre,
|2(H20) ~ | (CHCI) KDZ [IZ:(|::HC|)) —122.
H,0
----------------------------- ) 23—

* Thi sinh khong dwoc su dung tai liéu;
* Giam thj khéng giai thich gi thém.
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