S4: 2040/DPHCN-DBCL
Thoi gian ky: 24/09/2024 14:16:48 +07:00

DAl HOC QUOC GIA HA NOI KY THIOLYMPIC
TRUONG PAl HOC CONG NGHE BAC TRUNG HQC PHO THONG

. ) Mén thi: HOA HQC 9 ‘
bE THI THAM KHAO Thoi gian: 180 phut (khong ke thoi gian giao d¢)
De thi gom c6 04 trang, 06 cau

Cho:H=1,C=6,0=16,F=19, Na=23, Mg =24, P=31,S =32, Cl =35,5, K= 239, Ca =40,
Fe =56, Cu=63,5 Br=79,1=127, Zc = 6, Zo = 8, Zcu = 29, hang sb Faraday F = 96485 C mol,
0°C = 273K, R = 8,314 J molt K1 = 0,082 L atm mol* K%, s Avogadro Na = 6,022x10% mol.
Ki higu: s: ran, I: long, g: khi, ag: dung dich nuéc.

Cau 1 (4,0 diém). Carbon dioxide va d9 acid ciia nwéc bién

Sur gia ting phat thai carbon dioxide (CO2) 1 mét trong nhitng nguyén nhan chinh dan t6i bién d6i khi hau
toan cau, gy ra nhiéu hé qua trong d6 c6 sy giam pH ctia nudc bién, anh hudng téi hé sinh thai.

a) Phan tr CO; ¢6 cau tric thang. Dua vao thuyét lai hoa, hdy giai thich sy hinh thanh cac lién két hoa
hoc trong phan tir CO2 va v& so d6 sur xen phu giita cac orbital nguyén tir tham gia hinh thanh lién két.
b) Trong mdt mo hinh don gian, sy hoa tan ciia carbon dioxide vao nudc bién duoc mé ta boi can
bang hoa hoc: CO2(g) <> CO2(aq) véi hang sd can bang K.

Mot nghién ciru cho biét vao nam 1750 (trude khi bat dau qua trinh cong nghiép hoa), ndng do
CO2(g) trong khi quyén 1a 280 ppm va vao niam 2022 di ting 1én 420 ppm. Tinh ndng d6 cua
CO2(aq) trong nude bién (theo mg L1) ¢ thoi diém nam 1750 va nam 2022.

Cho biét: 625 °C, Ky = 0,034 (mol Lt atm?), ap suét khi quyén P = 1 atm; 1 ppm = 1 phan triéu vé thé tich.
¢) Thuc té, trong dung dich nudc, ngoai can bang hoa tan & trén con ton tai cac can bang hoa hoc
khac ctia CO2(aq) véi cac hang sd can bang (¢ 25 °C) nhu sau:

COz(aq) + H20 <> HCO3™ + H* Ka1 = 4,46x1077
HCOs; < COs* + H* Ka2 = 4,69x10°11
H.,O «» OH  + H* Kw =101

Tinh pH dung dich nuéc ciia CO2 khi ndng d6 CO2(g) trong khi quyén 1a 280 ppm va 420 ppm.
d) Pbi v6i hé sinh vat bién, anh hudng ctia CO2 con phitc tap hon do sy c6 mit cia calcium
carbonate (CaCOs). Chét nay 1a mot thanh phin quan trong trong cdu tric ctia cac sinh vat bién nhu
tao vi md hodc cac ran san ho. Biét CaCOs(s) phan li theo can bang: CaCOs(s) <> COs% + Ca?* véi
hing s6 can bang Ksp = 4,80x10°°.

i) Hiy cho biét tir nam 1750 t&i nam 2022, d6 tan ciia CaCOs3 da ting 1én bao nhiéu 1an?
ii) Tinh pH ctia nudc bién & thoi diém nam 2022.
e) Mot trong s6 cé&c giai phap dang dugc nghién ciru dé giam nong do CO2 trong khi quyén 1a tan
dung CO2 nhu mdt ngudn carbon dé chuyén hoa thanh céc san pham hiru ich, vi du nhu methanol.
Xeét phan tng xay ra trong pha khi theo phuong trinh hoa hoc sau:
CO2(g) + 3H2(g) «> CH30H(g) + H20(Q)

Tinh do chuyén hda cua CO2 & 200 °C, &p suat hé 1 10 bar, néu hdn hop ban dau chira CO, va Hp
theo ti 1& s6 mol 1a 1:3. Coi enthalpy tao thanh chuan - A:Hgs, entropy chuan - S, cua cac chat khéng
phu thudc vao nhiét d6 va duoc cho trong bang sau:

Chat | ArH%s (kImol?) | S (J moltK) Chat AH% (KImold) | S% (JmoltKY)

CO2(q) -393,5 213,8 CH30H(g) -201,0 239,9
H2(q) 0,0 130,7 H20(q) -241,8 188,8




Cau 2 (4,0 diém). San xuit ammonia bing phwong phap khir dién hda truc tiép nitrogen
Ammonia (NHs) 1a mét trong nhirng chat trung gian quan trong nhét trong cong nghiép hda chat,
san xuat phan bon. Hién nay, ammonia dugc tong hop chu yéu bing quy trinh Haber-Bosch tiéu ton
nhiéu ning luong va sinh ra mét lugng 16n carbon dioxide.

a) Trong mot thi nghiém, N2(g) va Ha(g) duoc tron vai nhau theo ti 16 thé tich 1a 1: 1,5. Hay so sanh
téc do tieu thu Na2(g) va Hz(g) trong phan ng tao thanh NHs.

b) Trong mét nha may san xuat ammonia, hydrogen duoc lay tir phan ung reforming methane va
phan ung khir CO bai hoi nudc. Car méi 1,0 kg khi hydrogen tao thanh sé& sinh ra 7,0 kg khi COx.
Tinh khéi luong CO: sinh ra khi san xuat 1,0 tin ammonia néu hiéu suat phan ung tong hop
ammonia la 51%.

Mot phuong phap hira hen dé tong hop ammonia dang dugc nghién ciu gan day 1a khir dién
hoa tryuc tiép nitrogen bang nuéc, st dung cac ngudn ning lwong tai tao. Xét phan wng tong quat
khir dién héa truc tiép nitrogen thanh ammonia nhu sau:

N2 + 3H20 - 2 NH3 + 3/2 O3 (2.1)
Véi cac thé khir chuan: E°(N2/NHs, OH") = —0,736V; E°(O2, H20/OH") = +0,401V
¢) Viét cac ban phan tng xay ra tai cathode va anode.
d) Qua trinh khtr dién hda chi dién ra véi tbe o dang ké khi &p vao hai dién cuc mot hiéu dién thé
cao hon so véi hiéu dién thé ly thuyét 12 0,60 V. Tinh hiéu dién thé (& diéu kién chuan) thuc té can sir

dung cho phan ung (2.1).
Hiéu suat ning luong (EE) cua phan ang (2.1) duoc tinh theo cdng thuc:
EE=FE XE
TV

trong d6 FE 1a hiéu suat Faradaic (cho biét ti 1¢ phan trim cua luong dién duoc chuyén doi thanh phan
g hda hoc so véi tong luong dién dugc cung cap), TE 1a hiéu dién thé Iy thuyét can cho phan ung
(2.1) va TV la hiéu dién thé thuc té can str dung, céc gia tri TE va TV lay & diéu kién chuan.

e) Tinh EE cua phan ung néu FE = 95%.

f) Néu gia nang lugng 12 2000 dong/KWh, hay tinh chi phi ning lugng twong g dé san xuat 1 tan
NHz theo phan ung (2.1).

Cau 3 (3,0 diem). Pong: tir kim loai co xwa dén wng dung hién dai
Pong 1a mot trong nhirng kim loai dau tién dugc con ngudi phét hién va sir dung. Pong déng vai
trd quan trong trong sy phat trién ciia c4c nén vin minh cb dai trude ddy, cling nhu trong doi séng
va cac linh vuc Ki thuat hién nay.

a) Viét cau hinh electron ciia Cu, Cu* va Cu?* ¢ trang thai co ban. Giai thich tai T
sa0, trong dung dich Cu(ll) bén hon Cu(l). gg 5

b) Tién “Thai Binh Hung Bao™ 1a dong tién dau tién cua Viét Nam duoc duc bang
d6ng vao thoi Pinh Tién Hoang. Mot ddng tién “Thai Binh Hung Bao™ nang 2,3
gam. Tinh thé tich (theo cm?3) ciia dong tién. Biét rang dong co cau truc 1ap phuong
tam mat v6i thong ) 0 mang co so [ 361,5 pm. Tidn “Thisi Bin
c) bong duoc san xuat tir cac khodng chat tu nhién nhu chalcocite, chalcopyrite. Hung Béo”
Qua trinh san xuat ddng tir chalcocite ¢ thé mo ta boi hai giai doan. Giai doan
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dau tién tao ra copper (1) oxide; chat nay sau d6 bi khir bai chalcocite & nhiét do cao dé tao ra dong
va khi sulfur dioxide. Viét cac phuong trinh phan @ng minh hoa.

d) Bong 14 thanh phan quan trong trong san xuat cac bang mach in (PCB). Cac PCB di qua sir dung
ma khong duoc tai ché s& tro thanh cac rac thai dién tir, gay 6 nhiém moi truong va giam hiéu qua
kinh té. Viéc thu hoi cac kim loai tir cac PCB s& gilip giam thiéu nhiing tac dong xau. Mot loai PCB
ciia may tinh c6 chira Cu, Fe, Al, Zn, Pb, Sn va Ni. Trong mét quy trinh thu héi kim loai tir ban
PCB trén, ngudi ta xir Iy bot PCB nghién bing dung dich HNO3 dic, du thi thay tao ra két tua tring
P1 c6 thanh phan la dang hydrate hda caia oxide mot trong sb cac kim loai ¢ trén (kim loai M). Dung
dich F1 thu duogc sau khi loai bo P1 khoi hdn hop duoc tron véi HCI lodng va loc dé thu duoc két
taa P2 va dung dich F2. Pun s6i P2 véi nudc trong vai phit va loc khi con néng dé thu duoc dung
dich F3. F3 ¢6 phan ing véi K2CrOs tao ra két tia mau vang P3. Xac dinh thanh phan cua P1, P2,
P3 va kim loai M.

Cau 4 (3,0 diém). Cau @6 hoa hoc

O diéu kién thuong, don chat G1 1a khi ¢6 mau vang nhat. Trong dung dich, G1 phan tng thuan
nghich véi nude ¢ nhiét do thép tao nén hai acid G2 va G3, con khi dun nong tao nén acid G2 va
G4. Cho biét G3 va G4 déu chira cac nguyén té H, G1 va O v4i ham lugng % theo khdi luong cua
H, O trong bang sau.

Chat |%H | %0

G3 1,90 30,48

G4 1,18 56,80

a) Bang tinh toan, hay xac dinh don chat G1, cic acid G3 va G4.
b) Viét phuong trinh phan tmg ctia G1 véi dung dich NaOH & nhiét do thuong (20 °C) va khi dun
néng (80 °C). Cho biét hai phan ing nay xay ra hoan toan.

c) Hay giai thich tai sao phan trng cua G1 v6i dung dich NaOH xay ra hoan toan ¢ nhiét d thuong
va khi dun néng trong khi phan tng véi nude chi 1a nhitng phan tng thuén nghich.

Khi cho G1 tac dung véi sira voi, thu duoc hop chit G5, ham lwong % theo khéi luong cua
nguyén td G1 trong G5 14 55,90 %. Cho G5 tac dung vira du v6i dung dich Na2COj3 thu duoc két tia
G6 va dung dich G7 (c6 pH > 7). Pun s6i dung dich G7 thi thu dugc dung dich G8 (c6 mdi truong
trung tinh).

d) Xac dinh chat G5, G6.
e) Viét phuong trinh phan tmg va giai thich sy bién di pH khi dun ndng dung dich G7.

G9 1a mudi tao thanh khi cho KOH tac dung véi acid G4. Mudi G9 kém bén nhiét, bi phan hay
& 300 °C khi ¢6 mit xtc tac MnO2 tao thanh mudi G10 va khi oxygen, con khi khong c6 mat xuc
tac G9 bi phan huy & khoang 400 °C tao thanh hai mudi G10 va G11. O nhiét d6 cao hon (khoang
550 °C), mudi G11 tiép tuc bi nhiét phan tao nén G10 va khi oxygen. Mot hoc sinh tién hanh thi
nghiém nhiét phan 1,225 gam mudi G9 khi khong c6 mit xitic tic MnO,. Sau thi nghiém, thu dugc
2444 mL khi oxygen (¢ 25 °C, 1 atm) va hdn hop chét rdn G12. Hoa tan hoan toan chat rin G12
trong dung dich KI du d4 dugc acid hoa bang H2SOx lodng. Lugng I sinh ra phan g hét véi 20,00 mL
Na2S203 0,3 M.

f) Xac dinh cic mudi G9, G10, G11 va ham lugng mdi chat c6 trong chét ran G12.
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Cau 5 (3,0 diém). Phan eng trong héa hec hiru co

5.1. Iodoalkane dugc diéu ché d& dang tir cc hop chét chira chlorine twong tng bang phan ng Sn2
vé6i sodium iodide trong acetone. Quy trinh cu thé nay dic biét hitu ich vi san pham phu vé co,
sodium chloride, khdng hoa tan trong acetone; sy két tiia cua nd sé day céac can bang di theo hudng
mong mudn. Do vay, khong can thiét phai st dung Nal du va phan @ng s& hoan thanh trong thoi
gian ngan. Vi su tién loi ciia nd, phuong phap nay dugce dit theo tén nguoi phat trién (phan ang
Finkelstein). Trong qué trinh tong hop (R)-2-iodoheptane tinh khiét, mot sinh vién da chuan bi dung
dich (S)-2-chloroheptane trong acetone. Sinh vién nay da thém sodium iodide du va dé hdn hop khudy
déu vao hai ngay cudi tuan. Két qua thu duoc 2-iodoheptane véi hiéu suat cao, nhung lai 12 hdn hop
racemic. DUNng cdng thic cau trac dé viét phuong trinh phan Gng va giai thich két qua trén.

5.2. Bun néng 3-methylhexan-3-ol véi sulfuric acid dic thu dugc cac hop chat ¢ cong thic phan
tor C7Hua.

a) Hay cho biét c6 thé thu dugc bao nhiéu hop chat tng véi cong thic phan tir C7H14 trong phan tng trén.
b) V& cong thtrc cau trdc va goi tén cac hop chit (ng vai cong thirc C7H14thu duoc.

¢) Trong so c&c san pham C7Huathu duoc, hay chi ra hai dong phan 1a san pham chiém wu thé. Giai thich,

Cau 6 (3,0 diém). Tong hop hitu co Me
6.1. Tur benzene va céc tc nhan cung cap khong qua 4 nguyén tir carbon, dé WCOZH
XUt so d6 tong hop hop chat Brufen c6 cong thic cAu tao nhu hinh bén. Me

6.2. Hop chat X8 va X9 1a cac chét trung gian trong qué trinh téng hop mot brufen

hoat chat duoc tim thay trong qua bi ngd, duoc tong hop hoa hoc bai Ipatiew
dua trén cac budc co ban sau:

i
M > t
Ve A COZE
HBr (du) Na* 1. NaOH 1. ZOV/BICH,CO,E!
- X2 - X3 - X4 - X5
2, Hy0*, t° 2. A0, t°

(CsHy) (Cy4H103) (Cy2H2005)

1. Ca(OH), Me ,CO/NaOEt H,S0,

»- X6 - X7 » X8 - X9
2. Ca(0,CH),
(CyoH150)

Biét rang khi ozon phan X1 (mach h) rdi oxi hoa bang H202 thu dugc chét hitu co X10. X10 phan
g véi 12/NaOH tao thanh két taa mau vang chira 96,7% iodine. Khir hoa X10 véi tac nhan NaBH4
thu dugc X11. Pun néng X11 trong su ¢6 mat cta xuc tac acid thu duoc hai ddng phan X12 va X13
c6 cling cong thirc phan tir CsHsO4. Khi biéu dién bang cong thirc Haworth, chi X12 ¢6 tim ddi xéng.
a) Xac dinh cong thirc cau trdc cua X1, X10, X11, X12, X13, Cve Me  CHs
b) Cho biét X8 va X9 1a hai dong phan cd céng thirc phén tir C13H200; trén pho A

H NMR cua X8 ¢6 chira 2 tin hiéu cong huong cua 2 H trans-alkene (khong c6 wo
tin hiéu cong hudong caa H alkene khéc). Xac dinh cong thirc cau tao cua X2, Me

X3, X4, X5, X6, X7, X8. Biét X9 c6 cong thirc cau tao nhu hinh bén. X9

e Thi sinh KHONG dwoc sir dung tai liéu.
e Giam thi KHONG gidi thich gi thém.
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