KY THI CHON HQC SINH GIOI QUOC GIA
TRUNG HQC PHO THONG
NAM HOQC 2023-2024

Mén: HOA HQOC

Thoi gian: 180 phut (khong ké thoi gian giao dé)
Ngay thi thi nhat: 05/01/2024

(Dé thi gom 04 trang, co 06 céu)

Cho:H=1,0;Li=6,9; B=10,8; C=12,0; N=14,0; 0 =16,0; F = 19,0; Na = 23,0; P = 31,0; S = 32,0,
Ar=39,9; Ca=40,0; Mn=54,9; Ni=58,7, Co=58,9; Y =889; Cd=112,4; Pb=207,2; Zu =1, Zc = 6,
Zo=8;Zar=18; Zam=25; e=1,6x10""? C; F = 96485 C mol™; R = 8,314 J K™ mol™; Na = 6,022x10% mol™;
2,303RT

298 K: =0,0592;0°C=273K; 1 pm=10""m

Ki higu: r: vén; I: 1ong; k: khi; ag: dung dich nuéc.
Cau I (3,0 diém)

1. Xét hé gbm hai nguyén tir argon (Ar) & trang thai co ban, méi nguyén tir dugc coi la

~ Ae X 2 ; < . Ao o TS ) , o . . d
mot khoi cau, khoang cach (d) gilra hai nguyén tir bang khodng cach gira tdm cua hai @——@
khoi cau (xem Hink I). Coi nhu khong cé tuwong tac bén ngoai nao tac dung lén he. iy e

Su phu thudc cua thé nang twong tac (V(d)) gifta hai nguyén tir khi hiém vao khoing EHink 1
cach d cé thé dugce xac dinh theo phuong trinh Lennard — Jones nhu sau:

oo

trong do ¢ va ¢ la cac thong sb dic trung cho timg khi hlem Déi voi Ar, & = 0,930 kJ mol™ va o= 3,62 A.
Néu M(d) <0, che nguyén tir ¢6 xu hudng tién lai gan nhau; néu 7{(d) > 0, cic nguyén tir 6 xu hudng tién ra xa nhau.

a) Tinh thé ning tuong tac giita hai nguyén tir Ar & cac khoang céch d = 5,00 A va 3,50 A. Hay cho biét &
nhirng khoéng céch d6, céc nguyén tir cé xu hudng tién lai gan hay tién ra xa nhau.

b) Ban kinh van der Waals (rvaw) ciia Ar 12 mét nira khoang cach nho nhit ma hai nguyén tir Ar c6 thé tién
lai gn nhau. Dya vao phuong trinh Lennard — Jones, x4c dinh rvaw (A) ctia nguyén tir Ar.

¢) Xac dinh khoang cach ma tai d6 hé hai nguyén tir Ar 1a bén nhét. Tinh gia tri thé ning twong tac (kJ mol™)
tai khoang cach do.
2. Mic du duoge coi 1a tro v& mat héa hoe nhung mét s6 hop chét ciia Ar d3 dugc kham pha, trong d6 c6 ArH™.
Ton nay dwoc tim thiy trong vii tru 14n du tién vao nam 2013.

a) Ap dung thuyét orbital phan tr (MO), v& gian d6 MO va tir &6 giai thich sy ton tai ciia ion ArH".

Cho biét: truc lién két 13 truc Oz nbi gitra hai hat nhan nguyén tir; ning luong ion hoa thit nhit cia H va Ar
lan lugt 14 13,6 eV va 15,8 V.

b) Trong pha khi, ion ArH™ c6 thé tham gia phan tng nhudng H* cho carbon monoxide tao ra hai ion (d&u
c6 dién tich 1+) 14 ddng phéan cua nhau.

i) Viét phwong trinh phan trng minh hoa.

i) V& cong thirc Lewis cta hai ion trén va du doan (cé gii thich) déng phan nao bén hon?

Cau II (2,5 diém)

1. Hemoglobin (Hb) 12 mét protein trong méu ngudi, 6 chire nang van chuyén khi oxygen (O ). Mbi phan tir Hb
co thé lién két t6i da v6i 4 phan tr O2. D& dénh gia kha ning lidn két cta Hb v6i Oa, cb thé sir dung dai lugng
“do bao hoa oxygen cua Hb”, ki hiéu la s. Pai luong s dugc tinh bang ti 1€ gitta luong Oz da lién két vai Hb
s0 véi lwong Oz toi da ma Hb cé thé lién két.

a) Bg bao hoa oxygen cua Hb trong mau phu thudc vao nhiéu véu t6 nhu: pH, nhiét d9, .... Tir thue nghiém,
c6 thé xdy dung dd thi bidu din su phu thude cia s vao 4p suét riéng phan (P) cua Oa(k) (xem Hinh 2). Dua vao
dd thi, tinh lwong khi 02 (mmol) gidi phéng & co bai 100 mL mau di tir phdi t6i co (coi oxygen khong bi mét
trén duong van chuyén).
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Cho biér: nf)ng d6 Hb trong mau nguoi binh thu(‘)ng —— 7 N LI
14 150 g L™; & phoi, trung binh 1,0 gam Hb lién két duge e . >
v&i 0,061 mmol Op; &p suét riéng phan ctia O2(k) & phoi (T M N Sy | .
va & co tuong Ung la 14 kPa va 5 kPa. £ g [ ! ]
b) Néu chi xét téi cac phan (mg gitta Hb(ag) vi 02(k) 2 07| . o i
dé tao thanh cac phic chat Hb(O2)u(ag) (véin=1;2;3 § ol e e i o
va 4) c6 cac hing sb bén ting néc twong tng 1a K1, K2, ¥ o5 ; . ]
K3 va Ky, hay: \ ’ S o4l : : h
i) Viét cac can bang tao phirc chat Hb(O2)n tmg voi g 00 /0 1 | ]
cac hanO s6 K, Kz, Kiva K. g» I s i | 1
ii) Thiét 1ap biéu thitc tinh s theo K, K>, K3, K4 va ap suét 0’1 - : i 1
riéng phén (P) cua O2(k). B e i i s B o
2. pH cta mot s6 hé sinh hoa c6 thé duge duy tri béi hé T2 4 6 8 10 12 14 16 18 20
dém phosphate (PBS). Cho dung dich PBS ¢6 pH = 7,18 # ()

Hinh 2. Su phy thugc cuia dg bdo hoa oxygen cua Hb
trong mau vao ap sudt riéng phan ctia O;

chtra H,PO; 0,120 M va HPO?"C, M. Tién hanh hai

thi nghiém v&i dung dich PBS nhu sau:

a) Thi nghiém I: Thém 1,00x107> mol HCI vao 1 lit dung dich PBS. Tinh pH ctia dung dich khi hé can bang.

b) Thi nghiém 2: Lay 1 lit dung dich PBS dé tao méi truong cho qua trinh [én men cua vi sinh vat. Trong qué
trinh hoat ddng, trung binh mdi ngdy, cac vi sinh vét giai phéng ¢ mol ion H™ vao dung dich. Sau 5 ngay lam thi
nghiém, pH ciia méi trudng duge xac dinh la 7,00. Tinh gid tri cta ¢. Coi sy thay 601 pH ctia méi trudong chi do
lwgng H' cta vi sinh vat giai phong ra; cac thanh phén khéc trong méi trudng nudi cay khong duoc tinh toi.

Cho biér: & diéu kién cac thi nghiém trén, H:PO4 c6 pKal = 2,15; pKa = 7,21 va pKas = 12,32. B0 qua sy
thay d6i thé tich va su dién li clia nudc khi tinh toan.

Cau I11 (3,0 diém)
1. Acquy chi dugc sir dung phé bién trong nhiéu phuong tién giao thong Acquy chi gdm dién cuc chi va dién
cuc chi c6 phi PbO2 nhing trong chét dién 1i 14 dung dich H2SO4 (nong dd khoang 30%). Xét mot dcquy chi
c6 stre dién déng chudn E° (V) phu thudc vao nhiét d6 T (K) theo phuong trinh:
E°=1,640 + 1,34x107xT

a) Viét cac ban phan Ung xdy ra trén mdi dién cuc va phan Ung téng cong xay ra trong acquy chi khi phong
dién. Biét rang, sulfuric acid chi 1a acid manh & néc thir nhat.

b) Tinh A,G°, AH® va TA,S° (k] mol™) ctia phan Ung xay ra khi a acquy phéng dién & nhiét 6 25 °C.

c) Dé nap dién cho dcquy, ngudi ta sir dung dong dién mét chidu c6 cudng dd 2,0 A trong 1,0 gio. Tinh
khoi luong PbSO4 (gam) dd phan ¢ lmg trong qua trinh nay. Coi hiéu suat nap dién 1a 100%.
2. Bén canh dcquy chi, con c6 mot sb loai pin khic c6 thé sac lai, vi du nhu pin nickel-cadmium (NiCd).
Phan (g téng cong xay ra trong pin NiCd theo phwong trinh héa hoc sau:

Cd(r) + 2NIO(OH)(r) + 2H20()) —— Cd(OH)(») + 2Ni(OH)a(r)

Maét dcquy chi va mét pin NiCd duoc thu nghlem cung cap nang lugng cho xe dién véi muc tiéu thu duoc nhiéu
céng, nhung khoi luong cua pin la tbi thiéu. Goi w 14 ti s6 gifta cong cuc dai va khéi luong chit tham gia phan
ung cua acquy hoac pin. Tinh w (kJ g‘l) cta dcquy chi (¢ y IIL.1) va cia pin NiCd ¢ 25 °C.

Cho bzet 25 °C, E° cua pin NiCd bing 1,30 V. B qua khdi luong cac thanh phén khéc cta pin hodc dcquy
khong xuét hién du6i dang chit phan (g trong phu’o*no trinh tong cong.
3. Bé di chuyén mdt quang dudng 100 km, mot 6 t6 cén ning lwrong 1a 8,0 kWh tuong duong nang luong cung
cép boi 8,0 lit (5,30 1\0) xdng. Binh xing cé khdi lucmg v6 binh 14 10,0 kg va co dung tich 48,0 lit dugc do day
xang. Gia su thay thé toan bg binh xXang diy nay bang dcquy chi c6 mat dd ning lugng (tmh theo khéi lugng
binh dcquy) 1& 50 Wh kg™ dé cung cip nang lugng tuong dwong. Tinh su chénh léch khéi Iugng cia binh
dcquy va binh xdng day.
4. Hign nay, pin ion lithium dugc sir dung phé bién do gon nhe va ¢6 mat d6 nang lugng cao. Xét mot pin ion
lithium gom mot dién cuc dwong lam tir LiMn2O4 va mét dién cuc 4m lam tir graphite. Cac nguyén tir Li co thé
x4m nhép vao gitta cac 1&p cua graphite tao thanh hop chat co cong thire dang LiCe. Phéan tng téng cong xay ra
khi pin nap dién va phong dién nhu sau:
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. dié « .
LiMn204 + Cs ————> Li1.Mm0s + Li:Cs
phéng dién

a) Viét cac ban phan Ung xdy ra trén mdi dién cuc khi pin nap dién va phong dién. ’
b) Dung lurgng dién ctia mot pin c6 thé do theo don vi mAh. Xac dinh gia tri ciia x néu dung lugng dién
li thuyét cia mot pin ion lithium tinh trén 1,0 gam graphite 1a 372 mAh.

Cau IV (3,0 diém)
1. Xét cac phan mg so cip xdy ra song song nhu sau:

k
RCl + OH"™ ———W_l_ ROH +CI”
v—1

RCl + C,H,0"—2— ROCH, +CI”
Ndng do dau cita cac chit: [OHJo=[RCl]o=1,0 mol L™!; hing sé téc do phan tng & =1,15x10" L mol™ 57
k1 =1,04x10"7 L mol™ s7!; C¢Hs = phenyl.
Theo doi sy phu thudc ndng dé ciia C¢HsO™ theo thoi gian (¢) thu duge két qua nhu sau:
t (phiit) 0 40 60 90 120 150
[CsHs07]x10% (mol L™ 47,62 40,95 | 3834 35,67 32,91 30,92
a) Tinh néng d6 ROH tai thoi diém ¢ = 30 phut.
b) Xac dinh hing sé téc d6 phan g k2 khi don vi ndng d6 1a mol L™* va don vi thoi gian a gidy (s).
¢) Tinh ndng 46 ROCsHs tai théi diém 7 =30 phut.
3. Co ché day chuyén cia phan tng Bra(k) + Ha(k) — 2HBr(k) dugc dé xuét nhu sau:

Khoi méo: Br, Rk e (1)
Phat trién mach: Br' +H, —kz—-> HBr + H’ (2)
H' + Br,—3 HBr + Br' (3)
H' +HBr—%4 5 H, +Br' (4)
Téat mach: 2Br’ —k5——> Br, (5)

trong 46 ki (i =1; 2; ...; 5) tuong {mg 12 hing sb tbe d6 cua cac budc tir (1) téi (5).

Ap dung nguyén li nong do dimng cho céc tiéu phan trung gian phan tng, thiét 14p phuong trinh tbc do
tao thanh HBr tai thoi diém bat dau phén Ung.

Cau 'V (4,5 diém)
1. Tinh thé CaF> c6 céu triic kiéu fluorite. Trong 6 mang co so, cation Ca?* chiém vi tri nlit mang 14p phuong
tam dién, con anion F~ chiém tit ca cac héc tr dién. CaF rdn c6 thé hoa tan mdt lugng nho YFs thu duge tinh thé
Cai_.Y,Fasx . Trong do, cation Y** c6 ban kinh gin voi Ca®", thay thé mot phan Ca®* trong mang tinh thé CaFa.
Do dé, trong tinh thé Caj—xY:Fa-, anion F~ s& chiém tat ca cac hoc tr dién tao bGi cdc cation va chiém thém
mét sé hbc tréng khéc.

a) Tinh d6 dai hing s& mang a (cm), do dic khit (%) va khoi lugng riéng (g cm™) cua tinh thé CaF,. Cho
biét ban kinh cia céc ion: r(Ca®") = 120,0 pm; r(F7) = 118,0 pm.

b) Mot tinh thé Ca;—YFasx c6 khéi luong riéng la 3,38 (g cm™). Gia thiét hing sé mang ciia tinh thé nay
bing héing sb mang cua tinh thé CaFs tinh dugc & trén. X4c dinh gid tri x.

¢) Ngoai vi tri cac hoc tr dién, chi rd vi tri céc héc tréng khéc trong 6 mang co s¢ cla tinh thé Caj—Y<Fz+x
co thé bi chiém béi anion F~.

d) Néu trong tinh thé Caj—Y:Fa-x, anion F~ chiém tAt ca céc hoc tlr dién va 25% s6 hoc tréng khac thi gia
tri x bing bao nhiéu?
2. Phosphorus trang tic dung véi oxygen tao thanh hai hop chét A1 va A2. Khi cho 1 mol Al két hop véi 2 mol
>0 thu duoc chit A3 hodc A4 (A3 va A4 1 hai ddng phan bén), con khi cho 1 mol Al két hop véi 3 mol Hz0 thi
thu duoc chit A5 mach khéng phén nhanh. Chét A1 tac dung véi dung dich HF dic cé thé thu dwoc hai acid A6
va A7. Cho A6 tac dung véi NaOH lodng theo ti 1& mol 1:1, thu duge tmh thé chit A8. Pun hdi luu hdn hop A7
v6i Al 1di chung ct phan doan thi thu duoc A9. Khi cho A2 tac dung véi HF long ¢ nhiét 4o thép thu dugc chat
khi A10, con khi A2 phan tmg véi hdn hop HF léng va [(CzHs)sN]F thi thu duoc chét ran A11.
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Cho biét: mdi phan tr A3, A4 va A5 ¢6 4 nguyén tir P; mdi phan tir A6 va A7 ¢6 1 nguyén tir P. Phan trim
khéi lwong cac nguyén td P, O va F trong mot sb hgp chat nhur sau:

Al A2 A8 A9 Al0 All
%P 43,66 56,36 19,62 33,33 28,70 12,06
%0 56,34 43,64 50,63 25,81 0 0
%F 0 0 12,03 40,86 70,37 36,96 |

a) Xac dinh céng thirc cdu tao cta phan tir hodc ion ¢6 chtta phosphorus trong céq cht tir A1 dén A11.
b) Ap dung thuyét luc day giiia céc ciip electron vo hoa tri (thuyét VSEPR), vé ciu tric cia A10.

Cau VI (4,0 diém)

1. Sodium carbonate (NaCOs) l1a héa chat thuong ding dé 1am mém nude cing theo phuong phap héa hoc.
D4 cling ctia nude co thé duge tinh theo sé mg CaCOs trong 1 lit nuée, trong d6 d6 cimg khéng vugt qua
60 mg L~! 12 nudc mém.

a) Tir Na;COs rén, pha 1 lit dung dich Na»CO;3 0,020 M (dung dich Y). Tinh pH cua Y.

b) Dé x1t li mét mAu nude clmg vinh ciru c6 do cimg b (mg CaCOs/L), ngudi ta cho 1 1it Y vao 19 lit mAu nude
cimg, lac déu, thu duge nude mém vai ndng do can bing cia Ca* 1a 5,00x10~* M va c6 két tiza CaCOs.
Gia thiét ring, miu nudc cimg chira Ca®* va céc ion khéc; cac ion khéc nay khong anh hudéng dén cac can
bing trong hé. Tinh gia tri cua b.

Cho biét: & 25 °C, pKs (CaCO3) = 8,35; (H.0 + COz2(agq)) c6 pKa1 = 6,35; pKax = 10,33; pKw (H20) = 14,00.
B qua dnh hudng ciia CO; va su thity phan ciia Ca®™ dén cac cn bang trong hé.

2. Cho dung dich Z gdm Ni(NO3)2 2,10x10% M va Cd(NOs)2 2,10x10~2 M. Tién hanh thi nghiém nhan biét
ion Cd*" trong Z nhur sau:

Buwdc 1: Cho 1,00 mL dung dich KCN 0,84 M vao 1,00 mL Z, lic déu, thu duoc dung dich Q.

Budc 2: Thém tiép 0,10 mL dung dich Naz$ 0,42 M vao Q, lic déu. Khi hé can bing, thu dugc hén hop R.
(Lueu ¥: dung dich cyanide rat dée; thi nghiém voi cyanide va sulfide phdi dugc thuc hién trong fi huf).

a) Xac dinh pH cua dung dich Q thu duoc & Bude !.

b) Bang tinh toan, chirmg minh rang két tia trong hén hop R chi la CdS. Tinh khéi lvong (gam) két tha CdS
thu duoc.

Cho biét: Thi nghiém nay chi xem xét cac phitre chét Ni(CN);~ va Cd(CN);™. O 25°C, lghs (Ni(CN); ™) =30,22;

1gB: (CA(CN)3 ™) = 17,92; pKs (NiS) = 18,50; pK (CdS) = 26,10; pKa (HCN) = 9,35; H2S 6 pKai = 7,02; pKaz = 12,90;
pKw (H20) = 14,00. Bo qua su thuy phan cua Ni**, Cd** trong dung dich.
3. Tién hanh pha dung dich borax ¢6 ndng d6 Co= 0,050 M tx chat rén Na;B4O7+ 10H20 trong binh dinh muc
100,0 mL. Dung pipet 14y chinh xac 10,0 mL dung dich borax vao binh tam gidc, thém 2 giot chi thi methyl red roi
chufn dé bing dung dich HCI C; M dén khi dung dich chuyén sang mau do6 thi dimg. Poc va ghi lai thé tich
HCl trén buret. Phan mg chuén dd xay ra nhu sau:
B0 +2H" + 5H.0 — 4H;BO; IET
z 1 ’ | 25T | |
a) Tinh khoi luong NazB4Q7'10HzO can dung va trinh bay ngan gon cach W
pha dung dich borax tir chat ran. =
b) Hinh 3 mb ta cach doc thé tich dung dich trong p]pet khi ldy borax véo @ C T f—”
binh tam gidc (@ dé quan sdt, chat long dwoc mo ta co maw). Hay chon céach - o
quan sat dung trong Hinh 3 (chon Céch I hoac Cach IT). — —
c) Néu binh dinh muc pha dung dich borax c6 thé tich nhé horn 100 mL = —;
(16i do qué trinh san xuat) thi din dén sai s trong phép xac dinh nong 6 HC.

~

Gia su chi xem xeét dén su sai léch thé tich ctia binh dinh mtc, hiy cho biét (Cichl) ~  (CéchII)
néng 46 HCI x4c dinh dugc tir két qua chuan do cao hon hay thip hon so véi s C“C: &
'ong pipet

gia tri thuc? Giai thich.
51 i) [ ———
* Thi sinh KHONG duroc sir dung tai liéu;
* Gidm thi KHONG gidi thich gi thém.
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BO GIAO DUC‘V&’M&T AO KY THI CHON HOC SINH GI0I QUOC GIA
TRUNG HOC PHO THONG

NAM HOQC 2023-2024

Mén: HOA HQC

Thoi gian: 180 phut (khdng ké thoi gian giao dé)
Ngay thi thir hai: 06/01/2024

(Dé thi gém 06 trang, cé 06 cdu)

Cic chir va ki hidu viét tit: Ac: acetyl; Boc: fert-butoxycarbonyl; Bn: benzyl; n-Bu: n-butyl; Bu: rerr- butyl; Bz: benzoyl;
Cbz:  benzyloxycarbonyl; DBU: 1 8-diazabicyclo[3.4.0Jundec-7-ene;  DIBALH:  diisobutylaluminium hydride;
DMAP: 4-dimethylaminopyridine; DMF: N,N-dimethylformamide; DMSO: dimethylsunfoxide; Ef: ethyl; IBX: iodosobenzoic
acid; KHMDS: potassium hexamethyldisilazide; LDA: lithium diisopropylamide; LHMDS: lithium hexamethyldisilazide;
mCPBA: m-chloroperbenzoic acid; Me: methyl; Ms: mesyl, NBS: N-bromosuccinimide; NIS: N-iodosuccinimide;
PCC: pyridinium chlorochromate; Ph: phenyl; Pr: iso-propyl; TBA: tetrabutylammonium; TBS: tert-butyldimethylsilyl;
TEMPO: 2.2,6,6-teramethylpiperidine-1-oxyl free radical; TES: triethylsilyl; TIPS: triisopropylsilyl; Tf: triflucromethanesulfonyl;
TFA: trifluoroacetic acid; THF: tetrahydrofuran; TMS: trimethylsilyl; Tol: tolyl; Ts: tosyl; /: long.

Cho: H=10;C=12,0;N=14,0; 0 = 16,0; Na=23,0; K=39,1; Mn = 34,9; Zn = 65,4; Br=79,9; 1=126,9; Zu = 1 Zc=6;
Zo=8; Lxa=1]; Zann=25; 2o =35; Z1=53.

Cac quy trinh téng hop hiru co c6 du cac chit vé co, dung mbi, xtic tac, diéu kién cin thiét va bo qua yéu to lap thé.

Caul (3,5 diém)
1. Strc cing 1a mot tinh chat If thd cda cac cycloalkane. Xét cac cycloalkane c6 dang t6ng quat 1a (CHz)n, v6i
n > 3. Stc cang tinh trén mdt nhém CHz (ki hiéu 1a SC) cé thé xac dinh dua trén thiéu nhiét (nhiét chay) chuin

ACH_SQS

n

6t chudn tinh cho

(A, HS, ) cia cycloalkane theo cdng thic: SC =

mot nhom CH: trong trudng hop suc cang bang 0; 4 ¢6 thé duge xéc dinh tur thiéu nhigt chuén ctia cic alkane
mach khong phén nhénh, khac nhau vé s6 lugng nhém CHa. Cho rang thiéu nhiét chuén cia cac alkane dugc
tinh bano téng dong gbp cua cdc nhom CHs va CHaz co trong phén fir.

a) Str dung sb liéu trong bang sau, xac dinh strc cang trén mot nhom CHz (keal mol™) cia cyclopropane va
cyclopentane, tir d6 lién hé véi d6 bén clia chung.

Chat - cyclopropane | cyclopentane propane n-butane n-pentane | n-hexane
A HS, (kcalmol™) — —499,76 —793,40 —-530,59 — 687,62 -845,12 | -100239

b) Trong cyclopropane, mdi nguyén tir C stt dung orbital (A0) 2s t6 hop véi cac
AO 2p tao thanh cac AO lai héa, twong tr nhu su tao thanh cac orbital phan tr. Do
suc cing nén hai AO lai hoa tham gia tao lién két C—C (ki hiéu @1, ¢2) bi 1éch
khéi truc ndi giita hai hat nhan nguyén tir C mot goc 1a a (xem so dé bén). Goi
0 1a goc tao bdi cac truc cua @1 va @2. Gia tri cia 6 (d0) cd thé dugc xac dinh theo

0
cbng thirc: cos = OS—A)— , trong d6 s% 13 phan trim déng gép cia AO 2s vao
5% —100%
mdi AO lai héa @ va @2.
Xac dinh gid tri a (d0), biét phan trim déng gop clia AO 2s vao méi AO lai hoa
ctia nguyén to C tham gia tao lién két C—H 1 31,94%.

¢) Trén co s¢ cu tric cta cyclopropane va cyclobutane, giai thich tai sao cyclopropane va cyclobutane c6
stc cang gan bang nhau (chénh léch 1,4 keal mol™) mac du goc C—C—C cta cyclopropane nho hon nhiéu so véi
gbc tuong img trong cyclobutane.

2. Cho céc gla tri pKa sau: 4,54; 4,06 va 2,97.

a) Gan cac gia tri pKa nay cho ba déng phan cAu tao clia hydroxybenzoic acid.

b) Biét pKa ctia benzoic acid 12 4,19. Giai thich nguyén nhén dAn dén su khac biét vé tinh acid ciia ba
ddng phin hydroxybenzoic acid trong tuong quan vol benzoic acid.

3. Cac phan tng dic trung ctia din xuit halogen 13 phan tmg thé nucleophile va phan tmg tch loai.

a) Khi dun néng 3-chloro-3-methylcyclohex-1-ene trong dung mbi methanol, thu dwoc hén hop san phim

c6 cdng thic phan tir CsH140 va C7Hjo. VE cong thirc cau tao va co ché phan @ng tao thanh cac san pham nay.
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b) Trong sd cac dong phan lap thé cua 1,2,3,4 5,6- hcxachlorocyclehexane (CsHsClg) c6 mot dong phéin
tham gia phan tmg tach loai v6i base chim hon rat nhiéu so véi cac déng phan con lai. V& céu truc cua
ddng phan ndy va giai thich tai sao phan tmg téch loai véi base xay ra chim.

Cau Il (2,0 diém) V& co ché a2 xuét cho céc qué trinh chuyén hod sau:

3) Ph
N A
V2 Me g Me_@NH Y 1) (M0);CH NN
@/coza 1) EtONa, EtOH ME\é/COZEt ) \/ 2) PhCONHNH; MQ@NH L
7\ ———— &
H @ N. /\\ anisole, 7
A Hee N7 NHz  ohistvi song i N
H N
H
Biet: phan Umg cé tao enolate dugc bén hoa. Biér: anisole 1a dung mdi phan ung.

4) EtO,C _ @:TMS. oo Boc
P it On ot | Qe S (L
Cﬁka% m\ N CsF, PEGDME 240 ‘
oH PhCHO, AcOH o Ph Boc ’

Biét: PEGDME 240 14 dung méi ether; phén Ung qua giai
doan tao benzyne:

Biér: chi can dung piperidine va AcOH véi
luong nho.

Céu III (3,0 diém) , ’ o ,
1. Trong qué trinh tong hop mot loai thuoe chita bénh viém gan C, chat trung gian A10 duoc diéu ché tir chat
A1 theo quy trinh duge md ta dudi day:

S

Me Me e
- A10: chat trung gian trong
™ diéu ché thudc chira bénh viém gan C
O N COzME
A1

Cho A1 phan ung véi allylic alcohol (CH,=CHCH:0H) ¢6 mat cua DBU (mt base hiru co), thu duoc A2.
Phén tmg ciia A2 v6i NHsHCO3 va Boc20 trong dung moi THF tao thanh A3 (C1oHisNO3). Khir hoa A3 bing
LiAlHs thu dugc A4, Bio vé nhém chic trong A4 bang phan tmg véi CbzCl, K2CO; trong nude thu duge AS5.
Oxi héa A5 biang hén hop TEMPO, NaClO, KBr va NaHCO; thu duge A6 (CisHisNO;z) c6 chira nhém
aldehyde. Xir 1i A6 vdi acetic acid trong ethanol thu dugc A7 (C17H23NOs), cho A7 phan ung véi hén hop
MesSiCN, BF3+Et;0 tao ra A8 (CisHisN202). Cho A8 tac dung vdi NaOMe trong methanol, sau do xu 1i v6i
dung dich nuée ctia HCI thu duge A9. Khir héa A9 bang hydrogen véi xuc tc Pd/C trong dung méi methanol
thu dugc A10.
Bo qua yéu td 1ap thé, vé cong thire ciu tao cia cc chit tir A2 dén A9.
2. Cho hé tac nhan va nguyén liéu co ban sau:

pyridne  Et;N  LDA  LiBH, Et,SiH BH5°Et,0 AICI; AcCl  Tf,0 (Boc),0

NHs NaH MeLi NaBH; NaBHsCN CFsCO,H (PhsP);Pd PCC  MsCl  MeOCOCI

NH /@/C' O 0 0 0
HN\) (HO),B Me” “OH /_OS Me)LMe Me\/L\OH \)LMe

Chon tir cac tac nhan va nguyén liéu co ban trén (cé thé st dung thém cic chat vd co, dung moi, xtic tac
va diéu kién can thiét khac), dé xuit so do tong hop chat A11 (thanh phan thuoc chita bénh béo phi) va
A12 (chat trung gian trong quy trinh diéu ché thuée chita bénh ung thu mau).

Cl
Me
e
Cl Me
NH =
N NH
_/

A11: thanh phan thudc A12: cha&t trung gian  trong
chira bénh béo phi diéu ché thubc chira bénh ung the mau
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Cau IV (4,0 diém) 7
1. Asperaculin A, phdn l'&g tir nam bién Aspergillus aculeatus, duogc tong hop bdi cac nha héa hoc tai Pai hoc

Tokyo, Nhat Ban theo so d6 sau:

O ) i
1) N-Boc-imidazole, EtO,C =
) \/\
CHO H,, Pd/C LHMDS
2) Mel, K2003 CraHa203 LHMDS CMalle C1gH3205 C19H320s
e 3) MelLi, Cul
1) CH;C(OEl)s,
POCI,;, DMAP DIBALH EtCO,H, 140 °C 1) O3
" oyridine ps - o : oo D 2) PhsP be
pyridine CroHagOs EigHpslly 20 LiOH, 80 °C C1sH220; JFi C14H2003
3)H,S0,05M
Me Me
Me Me
Me
KCN, TMSCN o .
18-crown-6 o)
NG OTMS 0
D9 asperaculin A

B6 qua yéu t6 lap thé, v& cong thitc ciu tao cia cic chét tir D1 dén D8. Biét: tir D6 — D7 co budc chuyén vi [3,3].
2. Waltherione A (D18) duoc phén 1ap tur Melochia umbellata. Cac nha héa hoc tai Dai hoc Kanazawa, Nhét Ban
va Dai hoc North Carolina, Hoa Ky da tong hop D18 theo so do sau:

OH
1) mCPBA, CH,Cl; 1) TBSOTY, base NIS, TFA
> | p— D10 D11 D12

\ TFA, dioxane 2) Fe, NH,CI ' MeCN i
N C41H44NO 4% C7H57NO,Si C17H6INO,SI

NO, 11114 NOg EtOH, H,0 17M27NU2 17M26INO2

1) Ac,0, pyridine,
1) NBS, CHCl, DMAP 'BUOK 1) TBAF, THF
D13 — D14 5 D15
2) IBX, DMSO

¢ R . H (o]
2) 'PrMgCI-LiClI, C17HpsBrNO,SI 2) n-BulLi, THF CarHayNO,SI dioxane, 100 °C Cp1HogNO3SI

THF
Q
1) NBS, DMF HO OMe
D16 } D17 — O O |
CysH13NO3 2) Ll%h&?:' Gul, C16H1sNO4 OMa H o
D18: waltherione A

Bo qua yéu tb lap thé, ve cong thirc cAu tao cta cac chit tir D10 dén D17. Biér: hdn hgp Ac20, base c6 thé acyl
héa nhém NHa hai 1an; hon hop IBX, DMSO oxi héa nhom OH thanh nhém C=0 tuong ung.
3. (+)-P§enostatin C (D27) duoc tao ra boi nhiéu loai ndm ndi sinh, c6 hoat tinh gay déc nhiéu dong té bao ung thu.
Hop chit thién nhién nay dugc tong hop boi cac nha hoa hoc tai Pai hoc Sichuan, Trung Qudc theo so do sau:

Me

oTBS WA 1) O3

| v, BFg'Etzo sau do N828203 1) NaBH4
M T oian i P20 DTESOL ot
B] . ! .
0 o><l\/1e ) CanMagaSi  2}MOFBA C21H3507Si in)widazo1e’ C27H5407Siz
1) Cwa/WPPhSBr
Me
1) MsCl, pyridine KHMDS, =78 °C 1) NalOy4
= — D22 - D23 D24
2) HF+pyridine CagHi0sSSH 2) TFA, H,0 CaaHsg0sSSi 2) 120°C CyqH540/SSi

3) DMSO, (COCl),, EtzN
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1) DBU, 130 °C PCC LiOH

D24 — D25 p—
C31H5407SSi 2) HF-pyridine C24H3604 C24H3404 L

D27: (+)-penostatin C
B6 qua véu té 1ap thé, v& cong thitc chu tao clia cdc chét tr D19 dén D26. Biér: DMSO, (COCI); v EtN la hé
tac nhan oxi hoa alcohol; tir D24 — D25 c¢6 budc tach loai.

4. (-)-Alloaristoteline (D36) c6 trong mét loai thao dugc ciia Chile, c6 tiém ning lam thuoc cai nghién va chita bénh
trim cam. (-)-Alloaristoteline dugc cac nha hoa hoe ¢ Dai hoc Hanyang, Han Quéc tong hop theo so d6 sau:

OTES 0O
A 1) (CFg)2CHOH,
e CH,CI KOH CbzCl
/(:H Cl e 2) HCI 12M ZTHFA pz9 EtOH D30
=R C19HasNO,SI ) ' C13H21NO> CigHpNO,  D3Se
H
2N e
1) MeLi, Cul PhN(Boc)NHBoc
D31 i D32 — D33 . D34
CotHarNO,  ~HZO CoyHpsNOy D) NS NTR oo FaNOgS Pd(BusP)a. CagHs51N30s
i | Cs,C04, 110 °C
Me
Wy
ZnCl,, 90 °C H,, Pd/C =
—_— D35 H Me
C2sH32N20; HN
Me s
D36: (—)-alloaristoteline

Bo qua véu t6 1ap thé, v& cong thire cdu tao ctia cac chét tir D28 dén D35. Biét: hdn hop (CF3):CHOH va CH:Cl,
xuc tién cho phan tmg céng Michael.

Cau'V (2,5 diém)

1. Aspinolide G (E9) 12 mét lactone vong 10 canh, phan lap tir cac loai nim, dugc tong hop boi cac nha hoa hoe

tai Pai hoc Nong nghiép Tokyo, Nhéat Ban di tir 2,3-O-isopropylidene-D-ribose theo so do sau:
O

e me._JL__Po(oMe),

ﬁ/OH -
PhsP=CHCO,Me 1) Hy, Pd/C OTBS
I et E2 E3

N = E1
o. .0 PhCO,H, CH,Cl5, CaiHiaO 2) NalOy, C.nH.=O LiCl, EtsN, MeCN ConHaeOcSi
dun hai leu 11M18Ye NaHCO; 10M16Ys 2038Vl
Me Me
0]
NaBH4, MeOH Me/vk(n '1) LiOH, THF, HZO lactone hoa
E4 E5 — E6
CeCl3*7H,0 CogHas06S EtsN, DMAP CssHazO7Si 2) HF +pyridine £y
O O
Me (0]

Me @]
w HCI TEMPO TsOH*H,0
E7 ES
0 TsOH*H,0 MeOH o) OH

O MeOH C1iH304

MEMO —O\lLMe 20 Mem\/go OMe O

Me .
E9: aspinclide G

Bé qua yéu t6 1ap thé, v& cong thire chu tao cia cic chat tir E1 dén E8.
2, L-altrose la duong co gia thanh rat cao, co thé chuyen hoa thanh nhiéu phan tu sinh hoc thiét yéu nhung lai

rét khé phén 1ap trong ty nhién, Mot s6 din xuit cia diy duong L-altro d3 dugc cac nha héa hoc Dai Loan
(Trung Qudc) diéu ché va chuyén héa tir duong D-galactose qua a-L-alrro epoxide (E18) theo so do sau:
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OH OMe

FHLh /O\ Cl, KOH HCI, MeOH N
BnCl, K , Me BzCl, Et3N;
i 0] e o E10 — EMN 4
OH OH O TBAI c24H3DOG CH2C|2 C21H2606 sau do MsCl
Me%\o
Me
OBn OMe TR L
'8UOK -0 H,S0, 4,5 M TMS-STol HO .
El2 =1 l2, MeOH "o
t
CaoHay0gS ~ BUOH L 0Bn THE CogHpsOs ~ ZM2rMe OBn
O
E18: a-L-altro epoxide
NaN . LiAIH Ac,0O, AcOH
E17 »—! AR, E14 ———————>  E15

ether
KCN

DMF, H,0 H2SC40,2% ¢, H,e0;

E16

DMF, H0
Bo qua yeu t6 1ap thé, v& cong thirc cau tao clia cic chét tir E10 dén E17. Biér: E10 dén E12, E14 dén E17

14 din xuét cta furan.
3. Colensolide A (E23) duoc phén lap tir tio dd vao ndm 2009. Colensolide A dugc téng hop boi cic nha héa hoe

Pai hoc bang Michigan, Hoa Ky nhu sau:

= 1) (MeO)3CH, HoSO,
2) KOH, MeQOH 1) 90 DC
= E19 _— E20 va E21
COzMe 3) (PhO),PONS, EtsN 2) NH3, EtOH
Cbz 2 3 3 C15H13N4o5 3 C29H38N4Og C15H21N305
MeO H
B N\/;O
FLNH - E5B 1) H,S0y4, SiO,, CH,Cl,
N > -
" OH C14H17N304 2) H,80,, MeCH
Br OH
Br

E23: colensolide A
Bo qua yéu td lap thé, v& cong thirc c4u tao cila cac chét tir E19 dén E22.
Cau VI (3,0 diém)
1.a) Cho gian d6 Latimer ciia manganese trong mdi truomg acid:
MnOj 0,56 MnO4 2,27 MnO, 0,95 Mn3* 1,50 Nhl2+ —1,18 Mn
Tinh toan dé chfmg minh ring & diéu kién chuan, ion Mn** khong bén trong méi trudng acid.

b) Hop chat X 1a mét oxide ciia manganese, c0 nhleu trong quancJ hausmannite. Hoa tan hoan toan 0,2744 gam X
trong H2SO4 loang du khi ¢6 mét H20,. Dun s6i can than dé luong H20- du phan hity hét. Thém vao dung dich
lugng du ZnO bot. Chuén @3 hdn hop thu dugc bang dung dich KMnO4 0,10 M thdy hét 24,0 mL.

i) Tinh todn dé xac dinh cong thirc héa hoc cua X.

/i) Viét phuong trinh hoa hoc cho céc phan Ung xdy ra va cho biét vai tro cia ZnO trong quy trinh chuan do
bang KMnOs & trén.

¢) Khi cho chit X (x4c dinh duoc & v VI.1.b) tic dung véi lugng du dung dich acetic acid lodng, thu dugc
dung dlCh chira mudi X1 va chét rin X2. Cho X tac dung voi dung dich HNOs loing du, thu duoc dung dich
chira mudi X3 va chét rin X4. Pun néng X trong hén hop HNO: dic va HiPO4 dac thu duge mubi X5 (két tha
mau xanh xam) va khi NO. Xac dinh céng thic hoa hoc cua X1, X2, X3, X4 va X5. Viét phuong trinh héa hoc
cho cac phan ung xay ra.
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d) Xét chudi bién hoa cdc hop chat ciia manganese duai day:

Br 0
2 Y2 I Y3

ZnEt,, CO ti 1& mol 1:1
Mnl; Y1
THF

Na(Hg) HClI (loang)
THF

Cho biét: cac phic chit déu théa min quy tic 18 electron; Y2, Y4, Y5 la phic chét don nhéan; Y1, Yt},
Y5 chi chira phéi tir CO; Y3 va Y6 14n luot chira 22,24% va 32,70% khéi luong 1a manganese; Y6 la phirc chat
trung hoa, chira 2 loai phéi tir CO véi ti 1& bing nhau. Trong Y8, cac nguyén tir Mn 12 twong duong. Khéng tinh dén
lién két Mn—Mn, manganese trong Y6 co cau tric bat dién.

i) Xdc dinh cong thirc hoa hoc cac chat Y1, Y2, Y4 va Y5.

ii) VEmot chu trac cia moi chat Y3 va Y6.

iii) Viét phuong trinh hoa hoc tao thanh Y1 tir Mnly; Y6 tir Y5 trong chudi bién hoa trén.
2. Mot hoc sinh tién hanh thi nghiém dién phan 100 mL dung dich =
CuS040,5M, sir dung bd dung cu dugc mé td nhu hinh bén. Cho rang,
trong thi nghiém: hi¢u dién thé duoc git ¢6 djnh; dam bao nudc khdng bi

Na, NH; (16ng)

Y5 Y6

Y4

+
di¢n cye —— — di¢n cye

dién phan & ca hai dién cuc; bo qua sy bay hoi cia nude trong qué trinh  Cu (A) Cu (B)
dién phan.

a) sau mot thoi gian dién phén, dién cuc Cu (A) hay dién cuc Cu (B) i
c6 khoi luong tang 1én? Gidi thich. CuSO,

b) Gi4 tri pH cua dung dich CuSO4 thay ddi thé nao trong qua trinh
dién phan? Giai thich.

¢) Te do dién phan 1a khéi lugng kim loai Cu tao thanh trong mét don vi thoi gian. Hay cho biét (co
giai thich) tbc d6 dién phén sé thay ddi thé nao trong mdi trudng hop sau:

i) Thém Na2SOa rén vao dung dich dién phén.

ii) Thay 100 mL dung dich CuSO4 0,5 M bang 100 mL dung dich CuSOs c6 nong do nho hon.

e
* Thi sinh KHOjNTG dwoc st dung tai liéu,
* Giam thi KHONG giai thich gi thém.
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VA PAO TAO KY THI CHQN HQC SINH GIOI QUOC GIA
TRUNG HQC PHO THONG

NAM HOQC 2023-2024

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

I. HUOGNG DAN CHUNG

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

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

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

I1. DAP AN - THANG PIEM

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

=— 0,459 kJ mol!
5,00A

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

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

() {5 o3
(53 o

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

Bén kinh van der Waals cua Ar: r_, =

V(d)=4e (—j <0e=d>c

V(d)=4e (—) >0e=d<o

j
9

=0—d=g¢

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

V(d)=4de

o 3,62A _

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

__12 12 6
o (Y3 2a° +]} 0

0= 24—
[0 2e 8

13 7

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

=

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

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

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

’

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

ArH +CO - Ar+HCO*

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

Sau:
0 +1 -1 +2

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

II
(2,5
diém)

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

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

° Px[HbO,]

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

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

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

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

)]

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

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

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

v

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

PR

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

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

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

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

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

H,PO;

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

Hy PO, HPOI

0,112—-¢tx5
0,120+tx5

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

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

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

I11
(3,0
diém)

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

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

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

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

AH® AS° "

-+

AG® =-nFE° = AH® —-TAS* = E° =—
nF nF

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

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

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

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

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

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

96485 2

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

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

v
(3,0
diém)

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

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

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

dr dt (a—x) s (a=%x) 4

1 F 11 X

= =k, ——=kt=k =

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

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

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

X

0

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

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

Tir k, =

b
ln( j
—k, =k b~y i In(b)—1In(b - y)

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

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

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

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

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

iy
k.

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

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

4762
0,004762 =5,18x107 mol L™

Tai r = 30 phut: ¥ = 0,004762 -

7,05%x10~°

(l-+~l><180()><1,15><1()ﬁ4 )mxm*

2)%=vz—\/3—v4=02>v2=\/3+v4 (1)
d[Br’]

dt

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

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

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

dt e
A% l.a)
(4,5
diém)

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

3,1416

=4x4 (120° +2x118%) = 840x105 pm?

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

+ Khdi lugng riéng: D = 3,11 g/cm®

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

=>x=0.1 - CaooYo1F21

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

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

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

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

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

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

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

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

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

0

p
G W e

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

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

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

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

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

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

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

FI”lm P_..\\\\F

|
F,I\H
F

Tilg:zit=

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

VI
(4.0
diém)

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

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

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

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

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

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

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

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

K, e
[Ca®] 5,00x107"

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

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

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

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

coF

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

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

(1)  Ni** +4CN- — Ni(CN)*-

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

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

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

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

Tacéd: K, =——

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

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

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

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

— [OH]=9,73%x10"M — pH = 11,99.

Khi do, thanh phan can bang nhu sau:

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

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

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

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

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

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

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

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

Khi d6, thanh phin can bang nhu sau:

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

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

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

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

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

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

[Ni(CN)"] _ 0,0100

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

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

[Ni*] = =3,63x10°' M

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

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

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

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

- Pay nap va tron déu dung dich.

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

+ Cdn chat ran, hoa tan bang nudc cdt

+ St dung binh dinh mire 100 mL dé pha.

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

3.b) Cach doc dung la cach I

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

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

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

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

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

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

o0 0" 0

< CHC],thuc =
T D

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

CHcl, tinh =

Téng diém toan bai: 20,0 diém
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BO GIAO DUC VA PAO TAO KY THI CHQON HQC SINH GIOI QUOC GIA
TRUNG HOC PHO THONG
NAM HOC 2023-2024

HUONG DAN CHAM PE THI CHINH THUC
Mon: HOA HQC
Ngay thi thtr hai: 06/01/2024

(Huwéng ddn chdm thi ¢é 11 trang)

I. HUONG DAN CHUNG

I. Gidm khao chdm ding nhu Dap an — Thang diém ctia Bo Gido duc va Pao tao.

2. Néu thi sinh ¢6 cach tra 15i khéc dap 4n nhung dung thi giam khao van chim diém theo thang diém
ctia Hudng dan cham thi.

3. Giam khao khéng quy tron diém thanh phan clia timg cau, diém cua bai thi.
Cdc chir va ki hiéu vier wit: Ac: acetyl; Boc: ferr-butoxycarbonyl; Bn: benzyl; ‘Bu: ferr-butyl; Bz benzoyl;
Cbz:  benzyloxycarbonyl; DBU: 1,8-diazabicyclo[5.4.0Jundec-7-ene; DIBALH: diisobutylaluminium hydride;
DMAP: 4-dimethylaminopyridine; DMF: N, N-dimethylformamide; DMSQ: dimethylsunfoxide; Et: ethyl; KHMDS:
potassium hexamethyldisilazide; LDA: lithium diisopropylamide; LHMDS: lithium hexamethyldisilazide; mCPBA: m-
chloroperbenzoic  acid; Me: methyl; Ms: mesyl; PCC: pyridinium chlorochromate; Ph: phenyl; PIFA:
bis(trifluoroacetoxy)iodobenzene;  PMB:  p-methoxybenzyl;  'Pr: iso-propyl;  TBA:  tetrabutylammonium;
TBS: tert-butyldimethylsilyl; TEMPO:  2,2,6,6-tetramethylpiperidine-1-oxyl ~free radical; TES: triethylsilyl;
TIPS: wiisopropylsilyl; Tf: trifluoromethanesulfonyl; TFA: trifluoroacetic acid; THF: tetrahydrofuran; TMS: trimethylsilyl;
Tol: tolyl; Ts: tosyl; /: long.
Cho: H=1,0; C=12,0, N=14,0, 0= 16,0; Na=23,0; Mn =54,9; Zn=65,4; Br=79,9; 1 = 126,9; Zy= 1, Zc = 6; Zo
=8 Zna=11; Zmn=25; Zp, =35, Z1 = 53. ‘ \ ) o )
Céc quy trinh tong hop hitu co ¢ di cac chat vo co, dung moi, xtc tac, diéu kién can thit va bo qua yeu to 1ap the.

1. PAP AN - THANG DIEM
Cau Noi dung

1735 | L.a) Dé x4c dinh 4, sur dung cac $0 lidu thiéu nhiét chuin cua céc alkane: sy chénh léch cua
diém) | thiéu nhiét chuan giira 2 alkane lién ké nhau, hon kém nhau 1 nhém CHa, chinh & thiéu nhiét
chuan tinh cho | nhém CHa

Alkane propane n-butane n-pentane n-hexane
A Hjy, —-530,59 - 687,62 — 845,12 - 1002,39
14]=, keal mol” i 157,03 157,50 15727
Gié tri trung binh cua |4| =157.3 kcal mol™
SC (cyclopropane) = ‘ﬂ'~ 157,3=9,29kcal mol™
SC (cyclopentane) = M\— 157.3 =1,38kcal mol™
J

Vi SC cua cyclopropane Ién hon cua cyclopentane nén vong cyclopropane kém bén hon
cyclopentane.

Néu thi sinh sir dung phuong phdp hoi quy tuyén tinh, xdc dinh gid tri thiéu nhiét chudn clia
cdc nhom CHs va CH; van cho diém 16i da.

1.b) Cé 2 lién két C — H gidng nhau, tong %s trong dong gop trong 2 AO lai hoa tao 2 lién
két C — H nay 1a 2 x 31,94% = 63.88%
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C6 2 lién két C — C gidng nhau, %s trong mdi AO lai hoa tham gia tao lién két 1a (100% —
63.88%)/2 = 18,06 %
18,06

cosf=——"—"—=-0,220=0=102,71°
18,06 -100

a=(102,71-60)/2=21,35°

1.¢) Strc céng cua vong la t6 hop cua hai loai tuong tac: strc cing (ndi) vong va tuong tac day
gitra cac lién két C-H. Goc C—C—C trong cyclopropane nho hon so véi goc tuong ng cua
cyclobutane dan dén siic cing ndi vong clia cyclopropane 1én hon so véi cyclobutane. Tuy
nhién, trong cyclobutane cé nhiéu hon 2 lién két C—H so v&i cyclopropane dén dén tuong tac
déy gitra chung (torisonal strain) trong cyclobutane cao hon. Hai yéu t& nay dan dén viéc
cyclopropane va cyclobutane c6 stc cang gan bang nhau.

2.a) 4,54: pKa cia p-hydroxybenzoic acid;
4,06: pKa ctiia m-hydroxybenzoic acid,
2.97: pKa cua o-hydroxybenzoic acid;

2.b) O dang base lién hop p-hydroxybenzoate, nhém HO day electron vé nguyén tir carbon lién
két truc tidp v6i nhom COO™ theo hiéu tmg lién hop (+C) 1am ting twong tdc ddy tinh dign giita
hai trung tim dién am gén nhau. Mit khac, hiéu img —I ctia nhém OH lai yéu vi & xa nhém COO™
khién cho base lién ho’p nay khong dugc bén hoa nhiéu boi hiéu {mg 1. Boi vay, p-hydroxybenzoic
acid 6 tinh acid yéu hon benzoic acid va yéu nhat trong s& ba dong phan.

:0—/< @—«

p- hydroxybenzoate benzoate

O dang base lién hop m-hydroxybenzoate, nhém HO khéng day electron vé nguyén tir
carbon lién két truc tiép voi nhém COO™ nhu trudng hop base lién hop p-hydroxybenzoate,
din dén base lién hop nay khong bi giam do bén bai tuong tac day tinh dién nhiéu nhu véi
truong hop dong phan para. Pong thoi, hiéu tng cam ang hat electron (=) cia lién két
C—O(H) phenol & gin nhom COO™ hon so véi ddng phan para- gbp phan lam giai toa bét
dién tich 4m trong hé m-hydroxybenzoate. Do do, m-hydroxybenzoic acid c6 tinh acid manh
hon benzoic acid.

m-hydroxybenzoate
O dang base lién hgp o-hydroxybenzoate, hiéu ing lién hgp (+C) ciia nhém OH lam gidm bén
hé benzoate tuong tu nhu ddng phan para-. Tuy nhién nhém OH lai ¢6 hiéu (g hut electron
(=T) manh hon do & gan v6i nhém COO™ hon so v&i hai ddng phan con lai va dac biét tao lién
két hydrogen ndi phan tir v6i nhom COO™ lam bén hoa dang base lién hop nay hon. Tong céc
hiéu mg nay dan dén o-hydroxybenzoic acid ¢6 tinh acid manh hon so véi benzoic acid va manh
nhét trong s6 ba dong phan.

o-hydroxybenzoate
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3.a) C6 hai ddng phan CsH 20 chu yéu thu duoc tir phan img thé Sx1 va hai dong phan C7Ho
chu yéu thu duge tir phan img tach loai E1.

H @
Me ,—~ Me_{ OMe Me. OMe

Me_Ccl .
O = @ e
CTPT: CgH140
Hf’\f’a t
Me Me Me Me
® @
D H:O:Me gMe OMe
S kl-Ii

CTPT: CgH440
: CTPT: C7Hqp

Thi sinh vé so do trinh bay sw hinh thanh theo huwdng hinkh thanh san phdm
methylenecyclohexene (kém bén hon) thi vdn cho du diém.

3.b) Dé phan tmg tach véi base (theo co ché E2) xay ra thuén loi trong vong cyclohexane,
lién két C—H va C—Cl & hai nguyén tir C canh nhau cin & tuong quan trans diaxial (anti). Tuy
nhién, ddng phan dudi day dii & cAu dang ndo ciing khdng chira lién két C—H va C—Cl & tuong
quan trans diaxial nén ddng phan nay tham gia phan tmg tich E2 ra cham hon rét nhiéu so
v6i cde dong phéan khéc.

cl C‘lf‘.-l Cl
ClCJ CICI _— .
Cl Cl
Cl Cl
khéng chira déng thoi lién két trans diaxial C—H va C—Cl
1720 1.
diem)
@
EtQ:
k(O s Co* okt Q 0 a 90" OEt
COLE M~ cosE ot P Eoy e Me X2 _co,Et
e Me _— @ — EO g Me —=
MeQEt
Etb"e/\‘ H
0 O@ H(Q
Etozc\fj/wle ® ElOZC\é/ Me Enozcﬁj/w\e
H30 e
enolate dwgc bén hoa
2.
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AcOH,

-H;0 { ONH, { NH+H® n
HOAC
. |
o} gs)lj OH pé © g
‘ L &Ph m “Ph y “Ph
o~ >Ph o"FPn 0" Ph Eli,-J Ph
! ) H
N,
H
3.
7 P
7 ArHN ArHN 7
MeQNH —— BhCONHNH, |- NHCOPh
_—_._g. B —
N/\ \ H anisole, (‘/ anisole 5 ’5
N NH; nhiét vi séng nhiét vi song N Me
H
H N
Ar = Me@—§
—MeQOH
Ph
O“\
HN ot N
ArHN e ATHN //";E,NHcoph
N NN
H H
4.
Et0,C
. ~\or -
$FY ) = 0.C
- N E10s H CO,Et E0:Q  cogEt
TMS |
5 S _TMSF ©‘ Boc a O O
Cors -TfO™ phan &ng Diels—Alder >
~EtOH
(cong tach)
111 1:
3,0 Me._ _Me Me Me_ Me
;‘; ) /\/OH / NHHCO5 // LiAH, A
em
5 . ~ pBu HO,C Boc,0, THF H,N THE HN oH
0
A1 A3: cmeNo3 Gl
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IV
(4,0
diém)

Me._ Me
Me
CbzCl A TEMPO, NaCIO _ AcOH, EtCH
_—
K2CO3 H20  opoin TKBr, NaHCO, CbzHN -0 N OEt
Zz
A5 A6: C15H19N03 AT: Cq7H23N03
Me_ Me Me_ Me Me_ Me
TMSCN 1) NaOMe, MeOH H,, PA/C A
——
BF4*Et,0 N~ TCN 2) HCI, H,0 N~ "COMe MeOH N~ TCOMe
Cbz Cbz -
AB: C1gH1gNo 05 A9 A10: chét trung gian
diéu ché thude chira viém gan C
2. Tong hop All:
o
PBrj;, Br
M 352 M
e Mom © Br A
X Cly, AICI; AICI3 Cl Mg, ether_ MgCl Clz, AICI5
| 2)AcCI OAc OAc
1) NaOH, MeOH CHO 1) NHg NaBHICN ABry, ¢l
—_—
2) PCC, CHCl; cl 2)A pyridine
Br Me
Me
BH,, etner O
N NH
A11
Tong hop A12:
a NH Boc;O (\NBOC
e
EtOH EtONa HN\) HN\)
A
1) A, MgS0,
2) CH,=CHCOCH,
r0i HyO~ MeLi, Cul Cul W)LDA Sghe
Me™ 'Me  3) EtONa, EtOH, t° Me 2)Meozc<:|
Me Me
oTf Q/ O cl
1,0 COzMe (15,8  LBH,
NaH Me (PhsP),Pd, base ‘ E,O. MeOH
CO,Me
cl
1) MSCI, EtgN_ TFA, Et;SiH M""e O
BN e
2} NBoc ‘ /N
(\ NBoc N NH
N
A12
1.
0 - o] 0
1) N-Boc-imidazole, Et0,C_ = M
LHMDS 1 " 77 eHo WP eco B
CO,Bu u
2) Mel, K,CO; 2 LHMDS E0,CT 2
M 3) MeLi, Cul e e
€ Me Me
D4: CigHaDs D2: C1gH2405
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Me Me Me e Me
Me CO,'Bu Me C0,Bu Me CO,Bu
H,, Pd/C LHMDS POCI;, DMAP
_— —_ OH
0 pyridine \)\
COEt CO,Et
CO,Et
D3: C1gH3205 D4: C1gH3205 D5 019H3oo4
- Me Me 1) Cch(OEt)g, Me Me Me Me Me Me
DIBALH OH  EtCO,H, 140°C 0 1) O3 0
—_— —_—
OH 2) LiOH, 60 °C 2) PhaP
(6] 0O 0
3)H,S040,5M
D6: C13H2202 D7: C15H2202 D8: C14H2003
Me Me
Me Me
Me
KCN, TMSCN P .
- = —
18-crown-6 0] =
OTMS
D9 asperaculin A
2
OH i
¥ 1) mCPBA, CH,Cl5 1) TBSOTS, base
9 2)TFA, dioxane HO 2) Fe, NH,CI, TBSO O
NO, NO, EtOH, H,O NH,
D10: C11H11NO4 D11C17H27N028l
1) Ac,0, pyridine,
NIS, TFA 1) NBS, CH,Cl, Br DMAP
TBSO TBSO [+
MeCN 2) 'PrMgCI-LiCl, 2) n-Buli, THF
NH; THF NH,

|
D12: Cy7H;6INOSi

Co7 3
TBSO O Me ~ ane 100°C  TBSO
NHAc
D14: Cy1HaNO,Si D15: CZ,Hngogsi

D17 C15H15NO4

‘BuOK

dioxane, 10

1) NBS, DMF

2) LiOMe, Cul,
DMF

HO::‘
OMe N
H

D13: C17H,6BrNO,Si

1) TBAF, THF
2)IBX, DMSO

D16: C15HL|3N03

D18: waltherione A

3. Thi sinh cé thé vé cdu tao san phcfm D20 duwdi dang aldehyde/alcohol tw do.

Me
Me
| OTBS 1)@ o oTBS
, BFyEt
O, Me b ol 0. Me
X 2) DIBALH W
0 O Me OH 0 Me

D19: Cy;H350,Si

AcO oTBS
1) 04
sau do N828203 @]
2) mCPBA o o,
HO Me

D20: Cz1H3gGTSi
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Me
OH o—kMe

o]
1) NaBH4 sy 1) MsCl, pyridine
C
2) TBSCI, imidazole OTBS 2) HF*pyridine
SRS 3) DMSO, (COCl),, EtsN

D21: 027H54O','Si2

1) C7H15/W\F’Ph35r

OMs OH
Me
KHMDS, -78 °C OH 1) NalO,
AcO ——— AcO
2) TFA, H,0 OTBS 2)120°C
P
Me

D23: CazHgaOBSS‘l

1) DBU,130° 2
) HF *pyridine : C7H15

WC*‘*S THF, H,0

Me
oms o—Me
0

OTBS
I
o

AcO

D22: C22H4oogSS]

OMs
oTBS

C7Hys
Me

D24: 031H54O7SSi

LiOH

Me Me
D25: 024H3EO4 D26: Cy4Ha404 D27: (+)-penostatin C
4.
0]
OTES 0] Me
Me OTES 1) (CF3),CHOH o}
X 372 '
= Me Ty CH,Cl KOH
O HN HN T .
CH,Cl, 2) HCI 1M, THF EtOH
Me Me M
e
HQN Mgﬂe Me
D28: CgH35NO,SI D29: Cyz3H51NO,
L OTf
OH CbzClI i 1) MelLi, Cul Me
Baniinia 3 B e A
HN P CbzN —H,0 CbzN 2 _N NTf, CbzN
\
Wi Me e Me Ma Me /U M Me
e
D30: Cq3HpNO; D31: CyyHy7NOy D32: CyyHysNO; D33: Cy3HF3NO5S
anc
BocN™ "Ph
PhN(Boc)NHBaoc = ZnCl,, 90 °C
ek Me # Me
Pd('BusP);, CbzN CbzN
Cs,C0,, 110 °C
Me Me

Me
D34: 035H51N305

Me
D35: CQEH32N202

D36: (—)-alloaristoteline

V(25
diém)

1. Cdu triic Idp thé dé minh hoa ddc trung cdu tricc cua dwong. Thi sinh chi can vé cau tgo san

phdm theo yéu cau ciia dé bai.

0 HO OH  COMe 0 CO,Me
\\\/ OH - y
/ PhsP=CHCO,Me 1) Hy PAIC
o. 0 PhCO,H, CH,Cly 0. 0 2) NalO,4, NaHCO5 d><b
Me Me Qurt betiu Me Me Me Me

E1: CﬁHﬂgOG

E2: C10H1505
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o Me (@)

Me\_)l\/PO(OMe)2 = CO,Me =il CO,Me
il TBSO » NaBH, MeoH  TBSO '

Me OH

LiCI, Et;N, MeCN 0.0
ped

Me Me

E3: CQDHasoESi

Me

CBC|3'7H20

0.0
Me Me
E4: CyyH4506Si
Me

4

(0]
Me (@]

Et;N, DMAP 6. 0
Me Me
E5: CQ4H4207Si
0]
Me (0]
lactone héa HCI, MeCH
_— e = -~ _—
0 =0
0
MeMO a]LMe
Me
TsOH-H,0
", _ e
CH MeCH

Me
N
0
@]
o) }—(_\I/cone }—(_\—ﬂcozH
~ S— H > [—
Me/\)La 7880 - 1)LIOH, THF, H,0 'O ‘

2) HFpyridine 6.0

E7:

Me

MBMO OMe O

E9: aspinolide G

Me Me
E6: C17H2607

C14H2008

"'OH

2. Cdu triic ldp thé dé minh hoa ddc trung cdu triic cia dwong. Thi sinh chi can vé cau tao san

phém theo véu cau cia deé bai

OMe OBn OMe
OH_OH /O gt 6
0 BnCI KOH HCI, MeOH
HO o OH = T teal CH,Cly
Me Me
E1U Cz4H3005
Bn.
M
O//O OMe
BzCl, Et; ’BuOK
sau dé MsCi ’BuOH O‘: tifia
E11: C51H2606 E12: CygH3,048 E18: a-L-altro epoxide
OBn OBn OM OBn OM
= e NaN, . ¢ KCN . ©
DMF, H;0 DMF, H,O
HO™ OBn O OBn HO' OBn
Ns E18: i Ne
E17 o-L-altro epoxide E16
STol OMe Ac0, OBn  OAc
HO OBn TMSSTol 4 5 M LiAIH, AcOH Ble}
HO _£aL BnO —
Znly, ether H,80, :
OBn MeOH OBn 0,2% AcO" Me OBn
E13: CEQHQQOS E14 E15: CQHHQEOT
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MeO MeO OMe MeO OMe MeO OMe

o 1) (MeO);CH, H;SO; OMe & o
L € 2) KOH, MeOH A_X\WNS 1)90°C [—i 0 /ZL) d bl
CO,Me N~ TN % N7 NH,
N 2Me 3 (Pho),PON;, ELN N 2)NHg EtOH N N N
Cbz )} (PRO)PONs, Ely iz & 2NHs coz " M Cbz Cbz H

E19: C15H1EN4O5 E20: C29H3SN4OQ E21: C15H21N305

% %O
1) H,S0,, SiO, CH,CI N NT%
E21 b Mo (j =0 T— H oy  E23 colensolide A
2) H,S0,, MeOH NN g
Br

Cbz H

E22: Cq4H; /N3O OH
Br
Vi 1.a)
(5,0 | Xét 2 nua phan tng khu:
diém) Mn* +e — Mn?* (1) AG® =—1xFx1,50
MnO: + e +4H" —— Mn?*" + 2H20 (2) AG!=-1xFx0,95

Xét phan tmg phéan hity Mn**, 13 t6 hop ctia (1) — (2):
2Mn*" + 2H:0 —— Mn** +MnO; +4H"  AG’ =-1xFx(1,50-0,95) <0
Phan Gng trén c6 AG® <0 nén Mn>" khong bén trong mdi truong acid (cé thé bi phan huy
tao thanh Mn** va MnO,).
1.b)
i) Tinh todn dé xac dinh cong thirc héa hoc cua X.
Goi cong thirc cuia manganese oxide la: Mn,Oy
0,2744
54,9x+16y
=x=3,y=4=>X: Mn3O4
i1) Phuong trinh hoéa hoc céc phan Gng xay ra:
2Mn,Oy + 2xHa2804 + (2y — 2x)H202— 2xMnSO4 + (2y — 2x)02 + 2yH20 (1)
Hoac Mn30s + 3H2S0: + H202— 3MnSO4 + Oz + 4H,0

Bao toan mol electron: 2xx 3X g, =3%0,1x0,024 =7,2x g

ZnO + H,SO4 — ZnS0s + H20 (2)
2H,0; — 2H,0 + O3 (3)
3MnSOs + 2KMnO4 + 2H20 — 5MnQOz + K2S04 + 2H2504 4)

- Vai trd coa ZnO: Trung hoa lugng acid H2SOy sinh ra, tao méi trudng acid yéu, thuén loi
cho qua trinh oxi héa Mn?* bing KMnO4 dé tao MnO,.
1.c) X1: Mn(OAc):2 X2: Mn20s X3: Mn(NOs3):
X4: MnO: X5: MnPO;

Phuong trinh phan ng:

Mn3;04 + 2HOAc(lodng) —— Mn(OAc): + Mn203 + H20

Mn;04 + 4HNO3(lodng) —— 2Mn(NO3); + MnO:z + 2H:0

3Mn304 + HNO;3 + 9H3POs —— 9MnPO4| + NO + 14H:0

1.d)

i) Xac dinh cac chat tir Y1 dén Y6.
Y1: [Mn2(CO)io] Y2: [Mn(CO)sBr]
Y4: Na|[Mn(CO)s] Y5: Na3[Mn(CO)4]
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Y3 c6 cong thirc Mny(CQO)yBr;
B = 54,9x
0,2224
Véix=1=>y=4,z=1=>Y3: [Mn(CO)4Br]x
V& cdu triic cia Y3:
Trong don vi [Mn(CO)4Br], Mn cé 16 electron nén thiéu 2 electron, dé thoa min
quy tic 18 electron nén phai dime qua cau Br™ = Y3 : [Mn(CO)4Br]z
CO cO

=246, 8x

OC””"M‘n"“\“Br"'”/I\/!n“m\co
oc” | g | oo
Co (6]0)
Chui y: Néu thi sinh vé cdu triic trimer, tetramer ... qua cau Br~ van cho di diém.
Néu thi sinh vé cdu triic trimer, tetramer ... qua lién két Mn-Mn thi khong cho diém.
Y6 cd cong thire Mn(CO)yHiNay
_ 54,9x
T 70,3270
Voix=1=>y=4,t=1,u=0=>Y6 : [HMn(CO)4],
Trong don vi [HMn(CO)4], Mn ¢6 16 electron = mdi Mn phai tao 2 lién két Mn-Mn dé thoa
min 18 electron. Xung quanh Mn ¢6 5 phdi tir = ¢6 1 phdi tir la ciu ndi dé thoa man s6 phdi
tri 1a 6 (bat dién).
- Néu CO la phdi tir chu ndi = ¢6 3 loai CO (vi tri trans vai CO dau mat, CO cdu ndi
va H) =loai.
- Néu H la phdi tir ciu noi =c¢6 2 loai CO (vi tri trans véi CO dau mut va H cAu ndi)
—=thda man.
Y6 : [HMn(CO)4]3
V& céu tric cia Y6,

=167,9x

co co

Chit y:  Néu thi sinh vé cdu triic tetramer va dam bao chira cau noi H van cho i diém.
ii) Viét ptpu diéu ché chat Y1, Y6:

2Mnl, + 2ZnEt; + 10CO —#5 Mny(CO)1o + 2Znlx + 2C4Hio
Néu thi sinh viét phirong trinh phan ing:

2Mnl; + ZnEt; + 10CO0 —25 Mny(CO)io + Znly + 2C2Hsl
thi trir 0,125 diém.

3[Mn(COY]* + 9H* —— [HMn(CO)4]; + 3H:

2.a) Saumot thdi gian dién phan, dién cuc Cu (A) ¢6 khdi lugng tang 1én.
Giai thich:

O dién cuc anode (+): Cu (r) — Cu**(dd) + 2e

O dién cuc cathode (-): Cu**(dd) + 2e — Cu(r)
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2.b) Gia tri pH cua dung dich CuSO4 khong thay dbi trong qua trinh dién phan, vi: /) khong
¢6 qué trinh nude dién phén & hai dién cuc; i7) ndng dd Cu®* trong dung dich khong doi do
sinh ra & anode va mat di & cathode.

2.¢) i) - Thém vao dung dich dién phan Na>SOq rin, lic dau lam tang toc do dién phan, vi
Na>SOy4 phan li lam ting ndng do ion (Na*, SO ) = tang do din dién = tang cudng dd
dong dién (do tang toc d6 trao ddi electron ¢ dién cuc) = tang toc do dién phén.

- Sau d6. néu lugng Na2SO4 cho vao trd nén qua 16n, tde do dién phén co thé giam do lam
giam su khuéch tan cta ion Cu®* t&i dién cuc.

Chii y: Thi sinh chi can gidi thich dwoc mét trong hai yéu té anh hwong trén.

i) Khi giam néng d6 CuSOQs trong dung dich dién phan lam giam toc do dién phan vi lam
giam ndng do cac ion Cu®”, SO = giam do dan dién = giam cuong do dong dién.

Téng diém toan bai: 20,0 diém
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