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Cho: H=1,0;Li =6,9; C =12,0; N = 14,0; O = 16,0; Al =27,0; P = 31,0; S = 32,0; C1 =35,5; Ni = 58,7,
Zn = 65,38; 1= 126,9; F = 96485 C mol'l h=6, 626x10—34 Js;me=09, 10x107%! kg; 0 °C =273 K;
Na =6, 022><1()23 mol™!; R=8,314 I K™ mol™ = 0,082 L atm K! mol‘1 1A=10"m; 1 pm=10"2m

Ki higu: s: tén; I: long; g: khi; ag: dung dich nwéc; MO: orbital phan tir; HOMO: orbital phan tir bi chlem
¢6 ning lwgng cao nhéit; LUMO: orbital phén tir chua bj chiém c6 ning lugng thip nhit,

Cau I (3,0 diém) Tim hiéu v& carbon dioxide va khi nha kinh

Carbon dioxide (COz) dong vai trd quan trong trong cac qud trinh ty nhién va c6 ing dung rong rdi trong
nhiéu linh vue doi song CO, cung duqc biét t6i 13 tac nhan chinh gdy nén hiéu ‘g nha kinh.
1. Xét phan tir CO;z ¢6 chu triic thang, 601 xung, chira hai lién két d6i. M6 hinh hat chuyén dong tw do trong
hop thé mot chidu duge str dung dé tinh gin duing ning lugng céc electron 7 (c4c electron tham gia hinh thanh
lién két = trong lién két d6i) cta phén tir COz. Theo mé hinh ndy, cdc mirc ning luong (£,) dugce tinh theo
cdng thic:

212
En = Z h 2
8m,L

trong dé: » 1a sdluongtr (n=1,2,3,..); h 12 hﬁng s6 Planck; m. 13 khéi luong cua electron; L 1a chiéu
rong cta hop thé, coi bing do dai lién két C-0 (dco).

a) V& glan b ning luong va so dd dién céc electron m cho phan tir CO2 theo md hinh trén.

b) Tinh tdng ning luong (theo J) céc electron 7 & trang théi co ban clia phan tir CO2. Cho biét: dco=1,162 A.
2. Xét su tao thanh cdc MO ctia CO tir cdc orbital héa tri ciia nguyén tir C va hai nguyén tir O (ki hiu la
Oa va Op). St dung gian dd MO dugc cho & Hinh 1.1 d tra 101 c4c cAu hoi phan L.2.

a) So sanh (c6 giai thich) do dai lién két C-O trong g ¢ co .
. 2 a b
phén tor CO2 va trong ion CO; . N
b) L4p luén dé chi ra MO no trong s cdc MO dugc ki N
hiéu tir MO-1 t6i MO-6 (khong theo thit ty mirc néng luong) e RN
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3. Ngoai COz, mdt sb khi khic cling gdy nén hxe;u ‘mg  Hinh 1.1: Gidn dé MO ciia CO; cdc mikc ndng
nha kinh, trong d6 c6 methane (CHs). Chi s GWP  luong tuonging 2s, 2p cua Oava Oy la béng nhau
(Global Warming Potential) ctia mdt khi thudng dugce stt

dung dé danh gid mirc do gy hiéu timg nha kinh cua 1 tAn khi d6 so v6i anh hudng cia 1 tAn CO; trong
cuing mét khoang thoi gian (thudng 14 100 nim). Gid trj GWP cang 16n, mirc db gy hiéu tng nha kinh cta
khi cang cao. GWP (trong 100 ndm) cuia COz va CH4 tuong tng 12 1,0 va 25,0. Hy tinh ti 1§ gifta mirc d6
gy hiéu tng nha kinh ctia vigc thai truc tiép CHa (tir sy phén giéi ki khi cta céc chét hitu co) vao mdi

trudng so véi viée d6t chdy hoan toan chinh lugng CHs d6. Bé qua anh huéng ciia hoi nude.
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Cau II (3,5 diém) Ammonia: sdn xuéit va ing dung

Coi dp sudt chudn P° = 1 atm; cdc khi, hoi la khi Iy tudng.
1. Ammonia (NH3) déng vai trd quan trong trong nganh cdng nghiép héa chit. Ammonia dugc tao thanh
tr nitrogen (N2) va hydrogen (Hz) theo phuong trinh phén tmg héa hoc sau:

Na(g) + 3Ha(g) = 2NHs(g) 2.1)
Hidu biét céc thong tin lién quan t6i phan (g nay khong nhiing gitip t6i wu héa qua trinh san xudt, tiét
kiém chi phi ma con han ché nhiing tic dong t6i moi truong.

a) Trong phong thi nghiém, phéan tmg (2.1) dugc thyc hién & nhiét do khong dbi T = 450 K trong mot
binh kin, c6 nép 12 mot piston c6 thé di chuyén khong ma sét. Céc khi N va Hz ban dAu duoc 14y theo ding
hé s6 i luong. Hing s6 can bing Kp clia phan ting bing 2,24. Khi cin bang dugc thiét 14p, tinh toan dé gii
thich tac dong ndo dudi day s& lam giam luong NHj:

) Tang nhiét do phan tmg 1&n 670 K. Bo qua anh hudng ctia nhiét do t6i bién thién enthalpy va entropy ctia phan ing,

if) Gift nguyén nhiét do 450 K va 4p sut ngoai, nhung nap thém 1,0 mol khi tro argon (Ar) vao binh.

b) Mot nha méy thyc hién san xuét ammonia tit Nz va Hz theo phwong trinh (2.1) ¢ nhi§t d6 T =700 K
véi luong Na(g) va Ha(g) ban ddu duge 14y theo ti 18 s6 mol 14 1:3. Hing sb can bing Kp clia phan ing &
700 K bing 1,0x10~*, Khi hé dat c4n bing, 4p suét riéng phin ciia NH; béng 50 atm.

Khi tham quan nha may, mdt hoc sinh dua ra nhén dinh: “Néu thay dbi lwong chét ban dAu sao cho khi
hé dat cAn bang, ti 1& s6 mol Na(g): Ha(g) 1a 1:6 thi &p suét téng cta hé s& giam nhung vén tao ra duge lugng
NH3 v6i 4p sudit riéng phén 13 50 atm nhu khi tron N2, Ha theo ti 1§ s6 mol 1:3”. Bing tinh to4n, hay chi ra
nhén dinh ndy 12 ding hay sai?

¢) Theo mét co ché duge dé xuét cho phan {ing tdng hgp ammonia trong pha khi ¢ 1000 K, ban diu Nz
va Hj bi phén li thanh cdc nguyén tu: :

Na(g) = 2N(g) (2.2) Kp=17,94x107%
Ha(g) = 2H(g) 23) Kp=5,01x10718
Sau d6, phan tmg tiép tuc xay ra theo mdt trong hai budc sau:
N(g) + Ha(g) — NH(g) + H(g) (2.4a)
o ‘ H(g) + Na(g) — NH(g) +N(g) (2.4b) ,

Ap suit ban dAu ctia Nz va H; twong tng 12 1 atm va 3 atm. Dya trén sy phan li ciia N2 va Fo, haly tinh toan dé du

doan xem theo co ché trén, bude ndo trong sb hai budc (2.4a) hotic (2.4b) s& xay ra uu ti€n hon vé miit dong hoc?
2. Mot trong sb nhiing img dung chinh clia ammonia 13 sin xuft phan dam. Trong mdt nha mdy san xuét dam
(NH4)2SO4, ngudi ta cho hdp thu NHs(g) bing dung dich HSO4 loAng trong mét thdp phan tng. NH(g) va
dung dich HaSO4 lofing dugce dwa vio thép phan tmg qua hai duong khac nhau theo ding h¢ s6 ti Iuong. Nhiét
d6 ban dAu ctia NHs(g) va dung dich H>SO4 14n luot 13 75 °C va 25 °C. Coi hi¢u suét phan (g béng 100%.

a) Tinh lugng nhiét cAn dAn ra khoi thép phan g (tinh trén 1,0 mol (NH4)2804(aq) tao thanh) dé nhiét
d6 san phim thu duoc 1a 25 °C.

b) Néu thép phan tmg khong trao ddi nhiét, tinh nhiét do cubi cia dung dich san phém biét ndng o
(NHg)2SO4 trong dung dich sén phim 12 1% vé s6 mol. Bo qua su bay hoi ctia nugce. Coi nhiét dung riéng cia
dung dich (NH4)2S04 biing nhiét dung riéng clia nudc (4,184 J g™ K.

Cho biét: Céc gié trj nhiét hinh thanh chuén | Chat NHa(g) | H2SO4(aq) | NH4)SO4(aq)
(A,H° ) vanhigt dung mol chudn (C) détra | A H7 ,kImol™ | —459 | —909,3 —1174,3
18 c4c cau hoi phin IL2 dugc cho trong bang. | Cp,J mol™ K~ 35,1

Cau IlI (2,5 diém) An mon va bao vé kim loai
Trong thuc tién, sy &n mon kim loai géy ra tdn thit to 16n v& tai nguyén va chi phi dé stra chita, thay thé céc
chi tiét bi An mon ciia mdy moc, thiét bi. San phém clia qu4 trinh &n mon kim loai phu thudc vao nhiéu yéu t6
nhu: pH, d 4m, lugng oxygen,... Do do, can 4p dung céc bién phap phd hop d& chéng &n mon kim loai.
1. Trong mdi trudng 4m, khong c6 mit oxygen, thép (thanh phdn gdm sét va carbon) bi &n mon rAt chdm
so véi trong khong khi 4m, Viét céc nira phan @ng va phan tng tdng quét xdy ra trong qué trinh &n mon
thép trong hai trudmg hop:
a) Trong moi trudong Am, khoéng c6 mit oxygen.

b) Trong mdi trudong khong khi Am.
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2. Mot trong s6 cac phuong phap béo vé chéng 4 an mon kim loai dugc su dung rong rdi 1a phuong phdp bao
vé cathode. Trong phuong phép ndy, ngudi ta n01 hoic cho kim loai cAn dugc bao vé tiép xtc véi kim loai
hoat dong héa hoc manh hon (klm loai hi sinh).

a) Hay chi ra tit ca cac phat biéu ding trong s6 c4c phét biéu sau day

i) St bj gi nhanh hon khi tlep xtc voi kém va bi gi chdm hon khi tlep xuc véi ddng.

i) Kim loai hi sinh Iuén c6 thé dién cyc chudn cao hon kim loai can duoc bao v&.

iii) Céc electron dich chuyen tir kim loai hi smh t6i kim loai duqc bao vé.

iv) Néu thanh k&m khong tiép xuc hoic khong 1nbi v6i thanh sit thi thanh k&m vin b n mon khi tiép xtc
v6i nude bién nhung n6 khéng bao vé dugc thanh stt khoi sy &n mbn

b) Trong mét thi nghlem nghién ctru anh hudng cua céc yéu to t6i kha néng str dung kém dé bao vé
chéng #n mon thép, mot khbi k&m c6 khdi luong 25,0 gam duge gén 1én mot thiét b1 bang thép ddt trong
nuée bién, Sau mot thoi gian, cén lai khdi k&m thiy khdi lugng 14 28,0 gam. Gia thiét ring trong qua trinh
lam viéc, toan bd san phim oxi héa k&m 13 Zn(OH), bam 1én khéi kem.

i) Tinh % Zn d4 bi oxi hda.

if) Tinh thoi gian (theo gid) t6i da ma khéi kém c6 thé sir dung d& bao vé thiét bi, biét dong dién trung
binh sinh ra 14 25 mA.
3. Mot con tau ¢6 phén vo thép dién tich 1000 m?. Dé bao vé phan vo thép ndy khéi sy dn mon, cin dong
dién c6 mat do trung binh 14 2,5 mA/m?,

a) Trong phuwong phép bao vé cathode ngudi ta gin cac khéi k&m 1én vo thép. Tinh khédi lvong kém
can sir dung trong mot nim (365 ngay) néu lugng kém thit thodt boi cdc qua trinh khéc 1a 10%.

b) Trong phwong phép bao vé sit dung dong dién cudng birc, dién dp dugc duy tri 12 5 V. Tinh dién
nang (theo kWh) tiéu thu trong mgt ndm @& bao vé phén vé tau & trén.

¢) Pénh gi4 wu va nhuge diém cta phuong phép bao vé cathode va phuong phép sir dyng dong dién
cudng birc, tir d6 cho biét pham vi ng dung ph hop cua timg phuong phép.
Cau IV (3,0 diém) Pong hoc clia phin wng thuiin nghich, don phén tir

Céc phan g thuén nghich, don phan tr déng vai trd quan trong trong héa hoc hitu co. Viée hiéu va
kiém soét phan tng khong nhitng g1up t61 wu héa qué trinh san xuét ma con ting tinh chon loc cua phan
{ig, tao ra c4c san phim véi hidu suét va tinh chAt mong mubn.

Phéan ting ddng phén héa cis-but-2-ene va trans-but-2-ene trong pha khi 1a mgt phan tmg thudn nghich,
don phén tir, c6 hing sb cin bing K, céc héng sb tdc d6 phan (g thuin va nghich twong tng 13 k; va k1

cis-but-2-ene —"ka-—]——‘ trans-but-2-ene 4.1)

Ban diu, trong hé chi chira cis-but-2-ene véi ndng d6 C? (mol L),
1. a) Viét bidu thire dang vi phéan bidu dién tdc dd phan umg.
b) Thiét 14p biéu thirc tinh ti 18 ndng dd cis-but-2-ene tai thdi diém £ (C! ) so véiC; theo t, K va k_,
¢) Biing tinh toan, hily chi ra dd thi ndo trong s& cac dd thi dwoc ki hidu tir H-1 t6i H-4 & Hinh 4.1 1a

dung trong trudong hop K= 1.
1 1

In(C; -0,5C7) In(C;) In(C'—0,5C°) (C'=0,5C7)
0 ya t 0 Ha t 0 H-3 t 0 H-4 t
Hinh 4.1.

2. O nhiét 6 T = 690 K, céc gia tri K= 1,14; k= 1,6x10" o g,
a) Tinh thoi gla.n (theo gid) dé lwong cis-but-2-ene ban dAu chuyen héa duoce 30% so voi lugng cis-but-2-ene
chuyén héa 16n nhét.
b) Tinh i 1& % ddng phén trans-but-2-ene trong hdn hop sau khi phan ing xay ra dugc 10 gio.
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Ciu V (4,0 diém) Tir cc tibu phan don gian t6i mang tinh thé phirc tap

Su da dang va phong phu cua céc chit héa hoc tao ra mdt thé giéi mudn mau day thi vi. T céc nguyén
tit, phan tir véi clu tric va hinh hoc don gian, téi nhitng mang tinh thé véi thanh phén phic tap, viéc hidu
13 chu trac cua chung khong nhiing cung cp théng tin co ban vé lién két hoa hoc, ma con md ra nhing
trién vong ting dung trong nhidu linh virc khéc nhau.

1. Jodine ¢6 kich thuéc nguyén tir 16n va ¢ 4m dién nhod nhét trong s6 céc halogen khong phéng xa. Phan tir
I, c6 thé lién két v6i ion Hal hogc Hal* (Hal = halogen) dé tao ra nhidu loai ion polyhalogen ho#c interhalogen
(chira c4c halogen khéc nhau). Hinh hoc phén tir ciia céc ion ndy ¢6 thé dwgc dy do4n nhd md hinh VSEPR.

a) V& céu tric cha ion I; va I7. So sanh (c6 gidi thich) d6 dai lién két I-I trong I;va IF.

b) Viét cong thitc Lewis, v& cAu trac va du doén gia tri cac goc lién két I thuyét trong ion I;va I .

Cho biét: Ton I;va I} déu c6 mach khong phén nhénh va chira hai loai lién két I-1.

¢) Trong dung méi tro, aluminium chloride (AICl3) c6 thé phan ting X1 X2
v6i hdn hop Clz va I theo céc ti 16 mol khéc nhau, thu dwgc hai hop | e

£, . A e A s 5 8 ; % khoi luong Al | 5,89 | 4,35
chation X1, X2. K&t qua phén tich ham luong Al va Cl ctia X1, X2 cho  —————
trong bang. Cho biét: X1, X2 déu chira 1 nguyén tir Al va chira cing % khoi lugng Cl | 38,71 | 34,30
mot loai anion.

i) X4c dinh cong thirc hda hoc ciia X1, X2 va vé chu triic cua cation c6 trong X1, X2.

if) Viét phuong trinh phan tmg khi cho X2 vio dung dich HCl loang va cho X2 vao dung dich KOH déc.
2. Tinh thé NiO Ia tinh thé ion, c6 cu tric kiéu NaCl. Pha tap NiO bdi Li tao nén chét ban din loai p, ¢6
nhidu tinh chit quang 1 thit vi, c6 kha niing xtic téc quang héa cho phan tmg phan téch nude, khir CO».

a) Tinh chiéu dai canh 6 mang co s& a (theo cm) va khéi luong riéng (theo g cm™) ctia tinh thé NiO.
Cho biét: bén kinh ctia cac ion: r(Ni2*) = 69 pm; r(0?") = 140 pm.

b) Mot tinh thé NiO pha tap Li bj khuyét tat (ki higu 1a Y1) c6 cu tric giéng v6i NiO tinh Kkhiét nhung
mot sb vi trf Ni2* bj thay thé boi ion Li* va mét s6 vi tr Ni2* b khuyét (bi trong). Y1 ¢6 cong thirc héa hoc
1a LixNiyO. Dé x4c dinh cong thic héa hoc cia Y1, nguoi ta tién hanh nhu sau: hoa tan 0,6790 gam Y1
trong dung dich HCI lodng c6 sén lugng du K1, thu dugc dung dich Y2. Luong I» tao thanh trong Y2 phan
tmg vira da véi 14,00 mL NazS203 0,100 M. Mit khéc, hoa tan 0,6790 gam Y1 trong dung dich H2SO4
loding thu duge dung dich Y3. Thém NaOH du vao dung dich Y3 thu dugc két tia mau xanh Y4. Nung toan
bd lugng Y4 & 400 °C trong khi quyén tro t6i khéi lugng khong dbi thu dugc 0,6499 gam chét rén Y5.

i) Viét c4c phuong trinh phan tmg xdy ra. Xé4c dinh cong thitc héa hoc cua Y1.

if) Tinh phan trdm vi tri Ni* bj khuyét c6 trong tinh thé Y1.

Cau VI (4,0 diém) Phosphoric acid va mubi phosphate
1. Phosphoric acid 1a mot acid ba nc c6 céc hing s6 phéan li: pKar = 2,15; pKaz = 7,21; pKas = 12,32. Mot
nhém hoc sinh thye hién diu ché phosphoric acid trong phong thi nghiém theo céc budce sau:

Buée 1: Cén 0,5258 gam phosphorus do6 (déd sdy khé) cho vao chén st va thAm w6t bing vai giot nude cét.

Bude 2: Thém t tir timg legng nhé dung dich HNO;3 dic vao chén s&, dun nhe va khuy cho dén khi
phosphorus dé tan hét. Tiép tuc dun nhe dén khi khéng con khi mau nu thoat ra.

Bude 3: Thém nude cit vao chén st d3 @8 ngudi, chuyén toan by dung dich thu dwge vao binh dinh mirc
100 mL. Thém nudc cét dén vach dinh mirc va lic déu.

Buée 4: Chuan d 5,00 mL dung dich & budc 3 béng dung dich NaOH 0,108 M str dung chi thi methyl
orange (pH d6i mau 13 4,4). Lap lai thi nghiém 3 14n, thu duge gia tri trung binh V) 14 7,65 mL.

Bude 5: Lip lai bude 4 nhung thay chi thi methyl orange bing chi thi phenolphthalein (pH d6i mau 14 9,8).
Sau 3 1dn chuén d, gid trj V2 trung binh 13 15,05 mL.

Hiy cho biét (khong cdn gidi thich), mdi phat biéu sau day 1a DPUNG hay SAI va ghi két qua vao bai lam:

a) Muc dich chinh cta viée thém nuée cAt & budc 1 1a dé pha lodng dung dich IINO:;.

b) Hiéu suét (lam tron dén hang dom vi) ciia qué trinh diéu ché H3PO4 tinh dugc trong thi nghiém trén

1a 94%.
¢) Néu phosphorus do bi 4m thi hidu sudt phan Gng tinh duge tir cdc gid tri thye nghi¢m & trén s& nho

hon hiéu suét thyc. ,
d) O budc 2, néu thay HNO;3 dic biang HaSO4 dic thi s& thu duoc H3PO4 ¢6 dd tinh khi€t cao hon.
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2. Trong dung dich, ty thudc vao pH, ion phosphate tdn tai dudi nhiing dang khac nhau. Sy c6 mét cla
ion phosphate co thé dugc kiém tra nhanh bing phan (mg héa hoc don gian, sir dung dung dich AgNO;.

a) D& nhan biét ion phosphate trong dung dich H3PO4 0,40 M, mét hoc sinh tién hanh thém 1 mL dung
dich AgNO3 0,10 M vao 1 mL dung dich H;PO4 0,40 M 1di diéu chinh pH dén khi quan sat thiy c6 két tha
mau vang AgsPOs xudt hién. Tinh gid tri pH dé bét dAu xuét hign két tha. Bo qua sy thay dbi thé tich khi
diéu chinh pH.

b) Mt hoc sinh khac thuc hién thi nghiém phan biét hai dung dich: dung dich NaH,PO4 0,40 M va dung

dich chira ddng thoi HsPO4 0,20 M va NaHzPO4 0,20 M. Ly 14n lugt 1 mL mbi dung dich cho vao 2 éng
nghiém, rdi thém vao m3i dng nghiém 1 mL dung dich AgNO; 0,10 M, lc ddu. Béng tinh toan, hdy cho
bidt trong thi nghiém nay c6 phan biét dugc hai dung dich trén khong?
3. C4c dung dich mudi phosphate dugc st dung lam mdi truong trong nhidu thi nghiém sinh héa. Sw ¢6 mét
ctia mbt sé anion khéc c6 thé anh huéng t6i cac phan ing nay nén cAn t4ch loai. Mot nhém hoc sinh tim
hidu kha ning ding dung dich AgNO; d8 tach ion bromide ra khoi dung dich Z chira K3PO4 0,04 M va ¢6
14n tap chat KBr 2,0x107* M.

a) Bang tinh toan, ching minh r%mg khi thém tir tir dung dich AgNO;3 0,01 M vao 10 mL dung dich Z
thi AgBr s& tach ra truéc AgsPOq. Coi viée thém AgNO3 khong lam thay dbi dang ké thé tich cua Z.

b) Khi tién hanh thue nghiém, nhém hoc sinh nhén théy ring: “Ngoai viéc st dung tryc tiép dung dich
AgNO;3 0,01 M thi c6 thé sir dung dung dich T gdm AgNO3 0,01 M va NH; C° M ciing ¢6 kha ning tich
bromide ra khoi Z”. Nhém hoc sinh da duy tri gié tri C° phti hop va tién hanh tron 10 mL T vao 10 mL Z
thi tach duoc 99% s mol Br~ ra khoi Z. Tinh gid tri C° ma nhém hoc sinh da sir dung trong thi nghiém.

Cho biét: & 25 °C: HsPO4 ¢6 pKai =2,15; 7,21; 12,32 (véi i =1, 2, 3); pKs (AgsPO4) = 16,05; pKw = 14;
pKs (AgBr) = 12,27; pKa (NH4") = 9,24; Ag(NHa);" c6 1gfj = 3,32; 7,24 (v6ij = 1, 2). BO qua sy thiy phan
clia Ag*.

HET
* Thi sinh KHONG dwoc sir dung tai ligu,
* Gidm thi KHONG gidi thich gi thém.
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Cic chivva ki higu viét tit: Ac: acetyl; Bn: benzyl; n-Bu: n-butyl; s-Bu: sec-butyl; #-Bu: fert-butyl; p-cymene: 4-isopropyltoluene;
DCM: dichloromethane; DIBALH: diisobutylaluminium hydride; DIEA: diisopropylethylamine; DMAP: 4-dimethylaminopyridine;
DME: dimethoxyethane; DMSO: dimethylsulfoxide; Et: ethyl; HMDS: hexamethyldisilazide; LDA: lithium diisopropylamide;
Me: methyl; Ms: methanesulfonyl; PCC: pyridinium chlorochromate; PDC: pyridinium dichromate; Ph: phenyl; i-Pr: isopropyl;
TBATF: tetrabutylammonium fluoride; TBHP: fert-butyl hydroperoxide; TES: triethylsilyl; Tf: trifluoromethanesulfonyl;
2-Th: 2-thienyl; THF: tetrahydrofuran; THP: tetrahydropyranyl; LiTMP: lithium 2,2,6,6-tetramethylpiperidide;
TMS: trimethylsilyl; Tol: tolyl; Ts: 4-toluenesulfonyl.

Cho: H=1,0; C=12,0; N=14,0; 0 =16,0; CI=35,5; Cr=52,0; Ag=107,9; Ba=137,3; Zn=7; Z0=8; Zc1= 17; Zc: = 24.
Bang tin hiéu mot sb dao dong héa tr trén phd hdng ngoai (IR):

Lién két 86 sing (emt) | Dh¢ ‘;‘l‘;g’ Lienkét | S6song(em™) | D2 fgﬁgl
~OHaicohol 3650 +3200 Manh, ti c=0 1780 + 1650 Manh
‘OHcarboxyhc acid 3300 + 2700 Manh, tl‘l réng C'—Nlmme oxime 1690 + 1630 Trung binh

€O~ Haldehydc 2850 +2700 Yéu C=Calkene, arene 1680 +1500 Trung binh

Céc quy trinh tong hop hitu co c6 du cac chit vé co, dung moi, xiic tac, diéu kién cén thiét.

CaulI(3,5 diém) Céu tao va tinh chét ctia hop chit hitu co
1. Cén bang giita 2-hydroxypyridine (A1) va 2-pyridone (A2) dugc nghién ciu trong nhiing dung moi khac nhau.

Két qua pha.n tich ham lugng A2 (% A2) & trang théi cAn bng dugc tong hop trong bang sau:
N~ "OH N o}

86%
a) Chi ra (6 giai thich) anh huéng ciia dung mdi t6i cén béng trén.
b) A1 c6 thé xtic téc cho céc phén tng gitta ester va amine tao thanh amide
& nhiét d6 cao. Chi ra vai tro ctia cdc nhom chire cia A1 trong qua trinh xtic
tac cho phan tmg nay. Biét: trong co ché phan tmg, A1 chuyén héa thanh A2,

2. DAn xudt p1per1dme B1, dugc tong hop boi Biel va céc cong sw, ¢6 hoat
tinh an thin yéu. Hop chit B1 véi vbng piperidine 6 cAu dang hnh hoat,
dugc cho 1a chwa pht hop 8 phat trién thanh thubc. Céc hop chit B2, B3
dugce tng hop nham khic phuc nhuge diém nay.

a) BO qua anh huong cau tric mach 4-F-CgHs-CO- (CHz)s— (ki hi¢u 1a
R-), vé& cdu dang bén nhat 6 dang ghe va chu dang ben nhét & dang thuyén
cua B1va gléu thich yeu t6 1am bén héa cua timg ciu dang

b) Viéc bién dbi cu trac B1 bang céch dua ciu ndi —~CH,CHz— vio
voOng piperidine tao thanh céc hgp chét B2, B3 ¢6 khung phén tir kem linh
hoat hon. B qua anh hudng céu tric mach R-, 1ap luén va vé cdu dang
bén nhit ctia B2, B3.

¢) Hop chét B3 c6 thé duoc tbng hop truc tiép tir B4 (C17H20FNO2) nh¢
phan tmg tao thanh ketal chon loc.

i) Xéc dinh cong thirc cAu tao B4.

if) Giai thich tinh chon loc cua phéan tng tao B3 tir B4.

iii) Viét so d6 chuyén héa va diéu kién can thiét dé tong hop B2 tir B4 (bd qua yéu tb 1ap thé).

3. Khi cho hop chét C1 phan ting vé6i phenyl lithium 101 xir If chét trung gian véi MnO> thu dugc hop chét C2.
Trong diéu kién chiéu tia tir ngoai, C2 phén ting véi khi COz & nhi¢t do phong thu dugc C4 (chira hai vong).
C4 ciing c6 thé tao thanh véi higu suét thdp khi cho C3 (ddng phan cAu tao ctia C2) phan g v6i khi CO2 &

nhiét d6 cao.

H>O
> 99%

cyclohexane
63%

Dung méi
% A2

1 3
RINHz A4 (xicts R-OH

+ —_— +

R2CO,R3 R2CONHR'!

O
d B1
. o
'
R
R R
X
4 0
o4
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Dit kién phd ctia C1-C4 dugc tong két trong bang sau:

Hop chét | Phd khoi (m/z) Ph hong ngoai (cm va dic diém vén phd)
c1 120 (peak ion phén i) | 2820 (yéu), 2710 (yéu), 1700 (manh)
C2 196 (peak ion phan tir) | 1670 (manh)
C3 196 (peak ion phén tir) | ~3300 (manh, t)
C4 240 (peak ion phén tir) | ~3000 (manh, ti rQng) 1710 (manh) 1670 (manh

a) Chi dya vao dit kién phd cta C1, lap lun va v& céc cong thitc ciu tao cb thé c6 ctia C1.
Biét: C1 1a dAn xuét ctia benzene va chi chira C, H va O trong phén tir.
b) Léap luén dé xé4c dinh cong thitc cAu tao cua C1, C2, C3 va C4.
Biét: chuyén hoa tir C2 sang C4 x4y ra qua giai doan tao thanh ludng gbe (=¢-0).
CiulIl (2,0 dzem) Co ché phan éng hitu co
V& co ché d xuht cho cac qué trinh chuyén hod sau:

1) Bn 0 (0]
Ts— ’ 7 ?n Me
AICl3, 100°C _N ” Me ph| OCOCF3)2
Me N o) CHC|3 Me
H Me MeO OM
o £2 ? E5 E6 )

Biét: c6 qua giai doan tao diene trung gian

Et
Hzo2 H,0
OH Na2003

Cau III (4,0 dzem) Hoéa hoc ciia limonene

Limonene 12 mdt monoterpene long khong mau, 13 thanh phan chinh (chlem
khoang 67 — 80%) trong tinh dAu budi. Limonene cé tdc dung giam dau dhu,
tang cudng hé micn dich, khur tring, bao quén thuc
phém,..
1. Mot nhém hoc sinh thyc hién tach tinh dau budi
trong phong thi nghiém theo cac budc nhu sau:

Budc 1: Ly 300 gam phﬁn mau xanh cta vo qua
budi, cit nhd, cho vao binh cau cb nhanh (khong qué
2/3 dung tich binh). Cho nudgc vao binh cép hoi nu6ce rdi
l&p bd dung cu nhu Hinh 3.1.

Bude 2: Thuc hién chung cat 161 cuon hoi nude
trong 2,5 gid bang cach dun sdi binh cap hoi nuéc dé
hoi nudc di qua binh chtta vo budi, cudn theo tinh dau
va ngung tu & sinh han.

Bude 3: Cho toan bd chét 1ong trong binh tam glac vao phéu chiét, thém dung dich NaCl bdo hoa vao phéu
chiét, lic déu. Dt phdu chiét 1én gia d& 10 phut tach 14y 16p tinh d4u & phia trén vao binh tam giéc kho.

Budc 4: Cho vao binh tam giac chira tinh diu mot lwong vira di MgSO4 khan, lic déu dén khi chét long
trong subt, gan 14y tinh déu budi.

Hay cho biét (khong cdn gzaz thzch) mdi phat biéu sau 14 PUNG hay SAI va ghi két qua vao bai lam:

a) Phuong phap chung cét 16i cudn hoi nuéc dung d8 tach tinh ddu budi ra khoi hdn hop do tinh diu budi
khong tan trong nuéc va d& bay hoi véi hoi nuée.

b) O bude 3, thém dung dich NaCl bdo hoa vio phéu chiét 13 dé 1am ting kha ning hoa tan cua tinh dau
budi trong nuée.

¢) O bude 3, dit phdu chiét 1én gi4 d& 10 phut nhim muc dich d& phan tinh diu budi con phén b6 trong
nuée di chuyén 1én 16p tinh déu & phia trén.

d) MgSOq khan sit dung trong buéc 4 ¢6 tic dung hut nuée @& 1am khd tinh ddu budi.

Biét: giai doan dAu c6 sinh ra gbc t do *CF3

4) Me

Me N @Cle MeO,C—==—CO,Me
e N/ EtN, K,CO3, toluene
Me COMe
COgH 2 khong khi

E7

Me‘@—( limonene
Me

Hinh 3.1: B chung cdt tinh ddu budi

Trang 2/6



2. Tir limonene va céc hop chét hitu co khdng qua 4 nguyén tir carbon, d8 xuét so dd tdng hop polymer F1 va
hop chat F2.

Me Me O
Na/ - )—@‘Me _ MeOZC.—:—C;LMe
n
0 H
Me F1

limonene F2
3. Periplanone-B (C15H2003) 1a mot hop chit Me o
d&n du sinh hoc duoc phéan 14p tlr loai gidn OTHP 0
Periplaneta  americana ~ Chau ML _, ™o — &
Periplanone-B ¢ thé duoc tong hop t —>  MeOC__~ -
limonene qua chat trung gian G nhu sau: M SPh
Pong vong hop chit G bang céch dun hoi luu (R)_"emonene G periplanone-B

hdn hop G va NaHMDS trong DME thu duge 1

hgp chat G1 (C26H33048). Khir G1 bdi LiAlH4 rdi cho san phim phan ting v6i PhCOCI trong DMAP/pyridine,
tiép theo thily phén san phim trong méi trudng acid thu duge G2 (C27H34033). Xir 1i G2 v6i Na/naphthalene
trong THF & -78 °C thu duge G3 (C14H240). Oxi héa G3 bang PCC c6 miit NaOAc trong DCM thu dugc G4.
Cho G4 phan tmg véi PhSSO2Ph c6 mit LiHMDS, oxi héa san phAm thu dugc bang NalO4 trong methanol
duogc san pham G5 (C20H2603S). Pun hdi luvu hdn hgp gdm G5 va CaCO; trong toluene rdi xir i sén‘phém véi
TBHP c6 mit KH (potassium hydride) trong THF thu dugc G6 (C14H2002). Khudy hén hop gom G6 va
LiHMDS trong THF rdi thém MoOs/pyridine vao binh phan mg, sn pham trung gian dugce xu 1i tiep véi
TMSCI c6 mit imidazole trong THF thu dugc G7 (C17H280351). Cho G7 phén tng véi MesSI ¢ mét n-BulLi
trong THF roi xtr 1 sdn phdm véi TBAF thu dugc G8 (CisH2203). Xir I G8 v6i PCC trong DCM thu dugce

periplanone-B. ) )
B6 qua yéu to 14p thé, v& cong thirc cAu tao clia céc chit tir G1 dén G8.
Biér: MoOs/pyridine 13 tic nhén oxi héa Co-H ctia nhém carbonyl.

4. (+)-Fusicoauritone (C20H320z2) 1a mot diterPene c6 kha ning hoat héa huyét tvong mang nhay H*-ATPase.

Hop chét ndy c6 thé dugc téng hop theo so do sau:

Me Me

Wi 1. (Et0)3CMe, EtCO,H, t°

}“"@Me > HO sau do LiAIH, 1. BH3 sau d6 H,0,

2 H1 5 5 = H2 —
(S)-limonene Me 2. 20NNl g0y 2 O ) C1gHaaO
DIEA 3. MeCH=CHLi
1. (EtO)3CMe, 1. Nal, t°
0 au d6 TolSO,N MenpPPhg
Et(;(?gH.t H3 s olSOoNa_ 14 _Swern[O] CO,Me H6
sau do LiBH4 2. HBF,
C,gH4506S C24H4003S —
2 Na 28"148Y6 Tol 028 2. DIBALH C27H42038
saudo PCC
3. TsCl
Me e
1. NaHMDS, PhSeCl, H,0, Me H

1. NaOt-Bu H7 _2.DIBALH TsOH t-BuOClI ok
2. Swern [O] g Hg H9 H,0

. Cp7H4003S 3. Na, naphthalene CgoH320 CyoH320 2

sau d6 MnO,

o) Me fusicoauritone

Bo qua yéu té lap thé, vé cong thitc cAu tao clia cée chit tir H1 dén H4 va tir H6 dén H9. Biér: Swern [O]: (COCl),
DMSO, EtsN; qud trinh tao thanh H1 va H3 ¢6 bude chuyén vi [3,3]; ti H8 sang H9 c6 tao vong nam canh.

Céu IV (3,0 diém) Nghién ciu chuyén héa geraniol )\/\/k/\
Geraniol 1a alcohol terpene c6 trong cac tinh du cia cac loai ciy c¢6 mui thom nhu: X X"0H
hoa hong, sa palmarosa, s java,... geraniol

1. Corallocin A 1a mdt meroterpenoid tim thiy trong loai ndm Hericium erinaceus c6

2

tac dung lam gidm sy céing thang than kinh. Hay lap so dd tdng hop corallocin A tir hop chit J (dugc téng hop
tir geraniol) va cdc chét cho dudi day:

Et0,C7 X X" p-0 HO,C™ X X

I% —_— O
O —
MeO CO,Me /\N-CHO J corallocin A M0 0
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2. Tir geraniol tdng hop duge chét trung gian K rdi tir d6 tdng
hop erinacerin A (c6 kha ning khang té bao ung thu) nhu sau:

Pun néng hop chit K trong methanol & 100 °C thu duge hop
chét K1 (C29H3oNO2Si). Xir i K1 véi [RuCla(p-cymene)]a trong

methanol/nuée, thu 14y san phdm rdi cho phan tng tiép véi o

H,0, ¢6 mit TBAF trong methanol/THF thu dugc K2 = ll K
(C27H33NO3). Pun hdi luu K2 trong benzene ¢6 mit TsOH thu o) 0

duge K3 1a ddng phan cAu tao ciia K2. Syc khi oxygen vao dung A Ph

dich K3 trong DCM c¢6 mit methylene xanh trong didu kién N

chiéu sang, rdi thém tiép PPhs vao hdn hop thu dugc K4 MeO Y erinacerin A

(C27H33NO4). Oxi héa K4 bing PDC trong DCM thu duge

erinacerin A.

B qua yéu t6 1ap thé, v& cong thirc cAu tao ciia céc chét tir K1 dén K4. Biét: tir K thanh K1 ¢6 bude déng vong
[4+2]; K2 c6 chita nhém —OH; tir K3 thianh K4 c6 phén tmg ene.

3. Hyperforin (CssHs204) 14 thubc chéng suy nhugc, b gan, khang khuén, didu tri bénh lao,... Hyperforin c6 thé
tdng hop tir geraniol qua chét trung gian L nhu sau:

/K/\)VOH e TESOX\/\CT)>\/B" —

geraniol L
hyperforin
a) Tng hop cht trung gian L tr geraniol:
| OH Epoxyhéa MsCI LiBr Hg(OAc),, NaOH TESCI
= L1 > L2 — L3 > L4
CanHaO EtaN sau d6 NaBH4. H20 imidazole
geraniol L C1oH47BrO

Bo qua yéu t6 14p thé, v& cong thirc cu tao ctia céc chit tir L1 dén L4.
b) So db tdng hop hyperforin tir chat trung gian L:

OMe
_Na g LEBULL o sBULL g TMSOTE L g Phl(O,CCF3), TBHP
NHa 2. Ba|2. C13H2002 sau dé L ) m CZQH5204Si Cszcos, 02
OMe Me,C=CHCH,CI C29H5204Si N
(0] OMe
M5 BrBMe,, EtzN LiTMP M7 CgFs0C(S)CI M8
. doé ; —
C2ogH5005Si . TESO pyridine _
NaHCOj3, H,0 C2gH4505Si Cas5Ha7F506SSi
M6
SnBu
2" M /K/ . mp LuMPTMSCI
BEt; Hoveyda-Grubbs Il . 2. LITMP, i-PrC(O)CN
kh(")ng khi C31H5204Si y 033H5604Sl ) C40H70058i2
1. AcOH, Vi séng LDA ;
M12 > M13 el hyperforin
2. p-TsOH* H,0 sau d6 Li(2-Th)CuCN
C31 Hae04 ( ) 036H5404 DMSO

Me,C=CHCH,Br

Bo qua yéu t6 lap thé, vé cong thitc cAu tao ctia cée chat tir M1 dén M5 va tir M7 dén M13.

Biér: tiy M3 thanh M4 c6 sy hoat héa vong epoxy sau d6 m¢ vong epoxy ndi phan tir rdi tao thanh ketal; tir M4
thanh M5 1& qua trinh oxi héa chon loc nhém —~CHz~ allylic; tic nhén Hoveyda-Grubb II xtic tic cho phén tmg
ghép chéo (cross-metathesis); tdc nhén LiTMP, TMSCI ding dé silyl héa Csp2 & vi tri o cia nhém C=0.
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Cau V (3,5 diém) Héa sinh va hop chit cao phén ti
1. Céc nghién ctru ctia Frost va cong sy dd chi ra rang mot s6 hop chét thién nhién cé hoat tinh sinh hoc cao nhu
mitomyecin, rifamycin va ansamitocin ¢ thé dugc hinh thanh theo con dudng sinh tdng hop aminoshikimate tir
D-kanosamine (N5) (monosaccharide tao thanh khi thay th& nhém —OH & C? ciia D-glucose bing nhém -NHa va
giit nguyén lap thé C3).
Nguyén liéu d4u D-kanosamine cho qué trinh ndy duge nhém nghién ciu tdng hop héa hoc theo so b sau:

HO 1. Tf,0

ZnCly, H3POy 1.PDC pyridine HCI
0 acetone 2. NaBH, 2. NaN, LiAIH4 H,0

Nf ——> N2 —— N3 ——> N4 —— D-kanosamine

HO.,

HO OH C12H2006 C12H2006 CioH1gN3Os  Cq2H21NOs (N5)

OH

D-glucose

a) V& céu trtic 14p thé ciia N1, N2, N3, N4 va N5. Biét ring: N1, N2, N3 va N4 déu tdn tai & dang D-furanose.
b) Goi tén mbi quan hé lap thé gitra N1 va N2.

¢) Khong st dung phuong phap oxi hoa rdi khtr, @& xuét mot huéng chuyén héa khac nhim téng hop N2 tir N1.

2. Protein, hop chét cao phén tir, déng vai trd quan trong trong nhiéu qué trinh sinh héa ctia co thé. Ban chét
va luc tuong tac gifia phan tir thudc va protein déng vai trd quyét dinh t6i hidu qua va thoi gian hoat dong cua
thubc. Gia thiét twong tac chi xay ra gilta mach nhanh ctia cic don vi amino acid trong phén tir protein vdi
phén tir thudc. Céc cau héi trong phén ndy lién quan t6i mot s6 amino acid, phén tir thubc O1 va 02 duéi day.
?é‘iu tao Amino acid | Mach nhanh R 0 n-CeH n-CqqHaz
tong quat | asparagine —CH,CONH2 *(H\/\)J\ 613 L 5
glutamic acid |—CH,CH,CO,H OH 0 O‘j\

)R\ lysine —[CHy}-NH; "o o1 %02  tpy
H,N” “CO,H | serine —CH,0H (diéu trj trim cam) (chéng béo phi)
valine —CH(CHz3)2

Biét: phan tir thubc O1 ¢6 thé tao lién két ion va phén tir thubc 02 tao lién két cong hoa tri v6i nhitng protein
nhét dinh trong co thd; trong cac amino acid trén, cc nhém carboxylic acid ¢6 pKa tir 2 dén 5, c4c nhom
ammonium c6 pKa tir 9 dén 11.

a) Chi ra dang ton tai chu yéu cia valine, glutamic acid va lysine & pH 7,4.

b) Chi ra (c6 gidi thich) don vi amino acid trong protein c6 thd tao lién két ion véi O1 trong mdi trudng
sinh i ctia co thé (gid tri pH 6n dinh & 7,4).

¢) Don vi serine trong protein ¢ thd tao lién két cong héa tri v6i 02. V& co ché va san phim ctlia trong tac
nay (chi thé hién phin cAu triic mach nhanh cta serine).

NHCHO

3. Trong diéu kién thich hop, tic nhén ruthenium carbene, CHz=RuLx (Ln 1a phéi tir tro), cb thé xtc tic cho
phan ing md vong — polymer h6a mot s6 cycloalkene @8 hinh thanh hop chét polymer véi cAu tao ddc ddo.

Tién hanh tring hop (Z)-cyclooctene (P1) duéi tic dung ctia xtic tic CH2=RuLn thu duge polymer P2. Khi
thém mét lugng nho (Z)-1,2-diol-5-cyclooctene (P3) trong qué trinh tring hop (Z)-cyclooctene (P1) véi xuc
tac trén thu duoc san phdm polymer P4 c6 chita nh6m —OH. Xir Iy P4 véi CrO3/H2804 thu duge polymer P5
¢6 chira nhém carboxylic acid.

Biét: ruthenium carbene tham gia phan ting [2+2] véi cycloalkene; tAc nhan CrOs/H2SO4 trong didu kién
phan tmg khong oxi héa ndi doi ciia P4 va gi thiét mdi phén tir P4 chi chira duy nhét mot don vi P3.

a) V& cong thuc chu tao cuia polymer P2. Viét co ché cho sy hinh thanh P2.

b) V& cong thirc cAu tao ciia polymer P4 va P5.

¢) Xuc tic ruthenium carbene cfing dugc sit dung trong phan OTES OTES
(ng dong vong din xuét diene P6 dé tao thanh cyclooctene P7 theo — CH,=RuL,
so db bén. Chi ra (c6 giai thich) cin tién hanh phan tng véi ndng —
5 P6 cao hay thip dé han ché s polymer héa c6 thé xay ra trong - By
phén Gng nay.
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Ciau VI (4,0 di¢m) Hoéa hoc cic hop chit chromium
Chromium 1 kim loai chuyén tiép dién hinh, ¢6 nhiéu tmg dung trong cong nghiép luyén kim, ma dién...
Trong hop chit, chromium c6 nhidu s8 oxi héa, trong d6 s oxi héa dién hinh nhét 13 +3 va +6. Phirc chét
chromium (I11) tro, phan tmg trao d&i phéi tir ciia chiing x4y ra rét chdm, nén c6 thé phan 14p dugc nhiéu dang
‘ddng phan.
Biét: (s): rén, (ag): dung dich nudc.
1. Trong dung dich, Cr(VT) c6 thé tdn tai & dang Cr207>, HCrO4, CrO4>" theo céc can bang sau:
Cr07 + Ho0 = 2Cr04> +2H* 6.1) K=107146
HCrO4 = H' + CrO4* 6.2) Ka=1076%
Khi tham gia phan (g oxi héa khit, Cr(VI) thudng bj khir thanh Cr(IIT). Tty thudc vao pH, san phém khir c6
thé tn tai & céc dang nhu Cr3*, Cr(OHY?", Cr(OH)3, Cr(OH)4~. Hiing s6 cén bing clia céc qud trinh nhu sau:

Cr’* + Ho0 = Cr(OH)* + HY (6.3) =109
Cr(OH)s(s) = Cr*" +30H" (6.4) K, = 1073020
Cr(OH)s(s) + H20 = Cr(OH)4 + H' (6.5) Ky = 1071430

Sir dung céc can béng thich hop tir (6.1) dén (6.5) va thé khir chuln ctia cgp Cr20,>, HY/Cr’* (E°=1,33 V),
tinh thé cia dién cyc Pt nhing vao dung dich X gdm Cr207% 3,00x1072 M, Cr** 8,00x107 M ¢6 pH duge duy
tri ¢o dinh & cac gia tri pH =2 va pH = 14.

2. Xét ddy chuyén héa mot s& hop chat chromium.
a) X4c dinh c¢dng thirc hda hoc cac hop chét
clia chromium tir X1 dén X4. Cho biét X2 chira
54,93% khoi lugng 1a Cr. 220°C
b) Cho CrO; thc dung v6i SOCL long & nhiét X2(s) X3 (ag) + X4(aq)
d6 thap thu duoc hop chit X5 méau do nh den. Hoa tan 1,571 gam X5 trong lwong du dung dich Ba(OH), thu duge
1,520 gam két toa vang va dung dich xanh lyc nhat. Sau khi loc bo két tua, cho H202 du vao dich loc rdi dun
néng thdy xuét hién thém 0,760 gam két tiia vang.
i) Bang tinh toan, x4c dinh X5. Cho biét phén tir X5 chi chita 1 nguyén ti Cr.
ii) Viét cac phuong trinh phan tmg.
3. Phan tng giita CrCl, va dung dich chita NH; d3c va NH4Cl déc trong khong khi thu dugc phirc chét Y1,
con trong khi quyén tro thu dugc phire chét Y2. Tt phan tng ctia Y2 v6i dung dich chita NaNO2 va NH4ClI ¢6
thé phén 14p dugc hai phirc chit Y3 va Y4. Cho Y4 téc dung v6i dung dich H2C204 déic thu dugc phitc chit Y5.
Pun néng Y5 trong HCl déc, rdi sdy san phdm thu dugce & khoang 120 °C thu dugc phirc chét Y6. Hoa tan m1 gam
mdi phtic chit vao nuéce rdi cho tac dung ngay véi dung dich chira lugng du AgNO3 thi thu duge mz gam két
tiia AgCl. Ham lugng Cr, Cl va ti 18 m2 : m1 clia mot s6 phitc chét cho trong bang sau:

H,S(ag) d
2S(aq) Y x1(s)

CrO;(s) —

H,SO, (lodng)

Y1 Y3 Y4 Y5 Y6
% khoi lugng Cr 22,20 21,85 23,11 21,36 22,96
% khéi lugng Cl 37,89 29,83 31,56 14,58 47,02
my . mi 1,53 1,21 1,27 0,59 0,63

Biét: Céc phirc chét déu ¢ dang khan, cé cdu tric bét dién va khong chita nude trong cau ndi. Trir Y1, céc chét con
lai déu 12 phirc chét don nhén. Phitc chét Y2 chi chita 1 loai phéi tir. Phitc chét Y3 c6 moment tir ¢ = 1,74 ug; v6i
1 =+Jnx(n+2),trongdoé:nla sb electron doc than.
a) V& cAu tric ctia céc phirc chét tir Y1 dén Ye.
b) Thyc nghiém cho thdy nguyén tir Cr trong Y3 c6 sb oxi hoa +3, dwa vao dic didm chu tao, giai thich gid
tri moment tir ctia Y3.
HET
* Thi sinh KHONG duoc stk dung tai liéu;
* Gidm thi KHONG gidi thich gi thém.
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KY THI CHON HQC SINH GIOI QUOC GIA
TRUNG HQC PHO THONG
NAM HOQC 2024 - 2025

Mon: Héa hoe
Ngdy thi: 25/12/2024
Ddp dn gom 08 trang

Ciu

Noi dung

A
Piém

|
3,0
diém)

1,25

a) Phan tr CO; ¢6 2 lién két dbi C=0 chita hai lién két = ndm trong hai mét phéng vudng
gbc véi nhau:

..........

Ap dung md hinh hat chuyef:n dong tu do trong hp th& mot chidu cho 4 electron @ (tham
gia vao hinh thanh 2 lién két d6i) ctia CO2: 4 electron chuyén dong trén hai hop thé mot
chidu vudng goe véi nhau, m3i hop thé c6 2 electron. Gian dd niing lugng va so db dién

electron:

-ﬁ- n=1 ﬂ- n=1

b) Chiéu rong ciia mdt hop thé (mdi hop thé chi chira 1 lién két @6i): L =1 x dco
Téng ning luong ciia 4 electron 7 clia phan tir CO2 & trang théi co ban:
E, , =2x2xE, =4x E,, v6i E1 12 ndng lugng ing véin=1:

17 x(6,626x10™)’
E i

= —=4,465x10™ J = B, , =1,786x107" J
8><9,10><10”3'x(1,162x10"°)

1,25

a) Chu hinh electron ctia CO va COj; theo gian dd MO dé cho ¢ hinh 1.1:

CO2: (25625b)* (05)*(02) X (mamy) *(mmy")*

CO; : (2sa2sb)* (0)2(02) (vty)* (m'my™) (e 7y )’

Khi COz nhdn thém 1 electron dé tao thanh CO3, electron dugc dién vao MO phan lién
két = bac lién két C-O giam => d¢ dai lién két ting=> dco trong CO; > dco trong CO2

b) Tir gian dd MO d cho ctia COz, nhén thdy: HOMO 1a cic MO khong lién két me" va
my", c6 ndng lugng bing véi ning lugng cdc AO 2p clia cdc nguyén tir Oa va Op = cdc
MO nay tao ra tir (céc) AO 2p ctia 2 nguyén tir O, nhung céc AO khong twong tc dé tao
MO lién két hay phan lién két = HOMO la MO-3.

LUMO ctia CO; 13 cac MO 7" va my" tao ra tix sw t6 hop AO 2p cuia C va 2 nguyén tir O. Vi
14 MO phan lién két nén phai 13 t8 hop tri déu ctia cde AO = LUMO [a MO-4.

MO-1 & MO mx hodic mydo c6 su 16 hop cung ddu cia cde AO 2p ciia C, Oq va Oy, cdc
MO: MO-2; MO-5, MO-6 khéng phai 1a MO m ma la cdc MO o, do cdc thiy cia chiing
ndm trén tryc lién két.

0,50

- Dbt chay 1 thn CHa: n(CHg) = 1000/16 = 62,5 kmol
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CHy4 + 202 — CO2 +2H20
$6 mol CO; tao thanh: n(CO,) = n(CHs) = 62,5 kmol

= khdi lugng CO2 = 62,5 x 44 =2750 kg =2,75 thn. )
- Anh hudng cta vige thai tryc tiép 1,0 tAn CHa so v6i dot hoan toan tgo ra 2,75 thn CO2:

m(CH,)xGWP(CH,) _1,0x25,0 _¢ oo
m(CO,)xGWP(CO,)  2,75x1

Tong diém ciu I 3,0
I 2,5
3,5 a) i) 0 450 K:
i) AG* = A H° ~TA,S° =—RT In K, =-8,314x450x1n2,24 = 3,017 kI mol™" <0

Bién thién sé mol khi cia phan tng: An=2-3+1)=-2<0= A,S8°<0
PEA,G°<0thi A,H®<0, tirc 1a phan ing toa nhigt => khi ting nhiét dJ, can bing chuyén
dich theo chiéu nghich = lugng NH3 gidm. ) )

ii) Khi thém 1 mol khi Ar vao hé, ap sut ngodi khong doi, 4p suét trong hé ting, ddy

piston dich chuyén dén can bing véi dp suét ngodi = thé tich ciia hé (V) ting 1én. Céc

NE)Y (v V) *
khi li twdng: P = ol = K, =——(i(—3—)l—3(—V—) =K, (—V—)
14 n(N,) (n(H,)) \RT RT

Vi K» khong dbi (do T khong dbi), khi V tang thi Ky gidm = lugng NH; giam.

A

b) Khi trdn N2, Ha theo ti 1¢ s6 mol 1 : 3 (theo hé so ti lwgng), & trang thai can bing:
Na(g) + 3Ha(g) = 2NHs(g)
x (atm) 3x (atm) 50 (atm)

2
P § P* 50)?
K,= (i, /7") 5= (50) -=1,0x10" = x=31,02 atm
(B, 1 P*)x(Py, 1) x(3x)

(dé don gidn, trong cdc bidu thire Kp biéu dién dudi day, khong ghi P°)
Ap suft tbng ctia hé: Py =31,02 +31,02x3 + 50 = 174,08 atm
Néu khi hé dat cAn bing, ti 18 Na, Hz 1 1 : 6 va &p suét NHs vn 12 50 atm:

No(g) + 3Ha(g) =  2NHz(g)
y (atm) 6y (atm) 50 (atm)

(s0)
»(67)
Ap subit tdng clia hé: P2 = 18,44 + 18,44x6 + 50 = 179,08 atm > P, = nhén dinh ctia hoc
sinh la sai.

K, = =1,0x10" = y=18,44 atm,

¢) Ap sudt cia N2 1a 1 atm, ctia Hz 1a 3 atm.

Na(g) = 2N(g) Kp=7,94x1074
(1-x) 2x
(2")2 44 22
K,= (= =7,94x10™ = 2x =P, =2,82x10™"atm
- X
Ndng d6 N(g) (tiéu phén L™):
22
¢, =, =Ly, = 2B 6 022x10% =2,07
14 RT 0,082x1000
Twong ty, tinh duge ndng do H(g) (tiéu phan L™):
Ha(g) = 2H(g) Kp=5,01x10"'8
() 2y
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2
2
K, =£3l)—=5,01><10"8 =>2y=D, =3,88x10atm
=¥

T ]

-9
c, =£><NA =-£><NA _ 3,88x10

V RT 0,082x1000
Vi ndng d6 N(g), chi ¢6 2,07 (nguyén tir L1 nén kha néng va cham giifa cac nguyén tir
H v6i cac phan tir N2 s& cao hon At nhidu so véi va cham gifta N véi Ha = bude (2.4b)

s& wu tién hon vé phuong dién dong hoc.

x6,02x10% =2,85 %10 (nguyén tir L™)

1,0
a) 2NHs(g) + H2SO4 (aq) — (NH4)2S04(aq)
Lugng nhidt téa ra khi tao thanh 1 mol (NH4)2804 trong dung dich & 25 °C bao gdm
luong nhiét toa ra cia qué trinh 1dm ngudi NHa(g) va nhiét tda ra clia phan img xdy ra
trong dung dich:
P4 tao ra 1 mol (NH4)2804 (aq) ¢ 25 °C cin 2 mol NHs(g) & 25 °C. Lugng nhiét téa ra
khi 2 mol NHs(g) 1am ngudi ti 75 °C xubng 25 °C la:
298
AH? = [ nC,dT =2x35,1x(298-348) =-3,51 kJ
348
Luong nhiét toa ra khi tao thanh 1 mol (NHa4)2S04 tix sy hép thy NH3 (g) cia H28O04 (aq):
A Hyyy = A Hyyg ((NH,),S80,,aq)—A fH;’ps(HZSO4, aq)—2A fH;’%(NHa, 2)
= —1174,3—(-909,3) —2(—45,9) =-173,20 kJ mol™
Luong nhiét toa ra khi tao thanh 1 mol (NH4)2804(aq) =-173,20 - 3,51 =-176,71 kJ
b) Thép phan tng khdng trao dbi nhiét = toan bd lwgng nhiét toa ra khi tao thanh
(NH2),S04 ding dé 1am néng dung dich. Vi ndng df dung dich (NH4)2S04 14 1% vé sb
mol, nén néu mét dung dich san phim chira 1,0 mol (NH4)2S04 va 99,0 mol Hz0 s8 nhén
lugng nhiét toa ra khi tao thanh 1,0 mol (NH4)2804 12 176,71 kJ (dung dich chira x mol
(NH4)2804 s& nhén luwong nhiét 1a 176,71x kJ)
n(NH4)2804) = 1,0 mol; n(H20) = 99,0 mol
Khbi luong dung dich: m = 1,0x132,0 +99,0x18,0 = 1914,0 gam
Luong nhiét toa ra trong qué trinh tgo thanh 1 mol (NH4)2S04 12 176,71 kJ s& 1am nong
dung dich tir nhiét d¢ 298 K (25 °C) 1én nhiét do Tz
176,71x10% = 4,184x1914x(T2 — 298) = T»=320,1 °C.
Tong diém cfu II 3,50
111 0,5
(2,5 Céc ban phan (ing va phan Ging ctia qué trinh &n mon dién hoa Fe:
diém) a) Trong moi trudng 4m (khdng c6 oxygen):
Cathode: 2H,0 + 2e — Ha + 20H™
Anode: Fe — Fe** +2e
Phan ihng 18ng qudt: Fe + 2H20 — Fe(OH), + H
b) Trong méi trudng khong khi Am: :
Cathode: Oz + 2H20 + 4e — 40H™
Anode: Fe — Fe** +2e
Phan ting t6ng qudt: 2Fe + Oz + 2H0 — 2Fe(OH)
Néu du oxygen, Fe(OH)2 tiép tuc bi oxi hoa thanh Fe203-nH20 (gi sht):
4Fe + 30, + 2nH20 — 2Fe203-nH20
1,0

a) Céc phét biéu PUNG la iii) va iv)

b) Cathode: O2+ 2H20 + 4e — 40H"

Anode: Zn— Zn** +2e

Phan ting t6ng qudt: 2Zn + Oz + 2H20 — 2Zn(OH), ‘ ,
i) Khdi lugng téng 1én do Zn bj oxi héa thanh Zn(OH)a. Khéi lugng ting 1&n bing khoi
luong ctia m(Zn(OH)z) — m(Zn) = 34x, vdix la s6 mol Zn bj oxi hoa.
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34x =128,0 —25,0 = 3,0 gam =>x = 0,0882 mol

% Zn bi oxi héa la: 9-0%)@ % 100% = 23,08%

i) Khéi k&m lam viée cho t6i khi toan bd lugng Zn bi oxi hoa hét:
n(electron) = 2xn(Zn) = 2x25,0/65,38 = 0,765 mol
Pién luong sinh ra: Q = n(electron)xF =Ixt = thoi gian 1am vige t6i da:

p X0 T65x96485 _ »515145=819, giv
7 25x10

1,0

a) Tbng dién lwong sinh ra trong mdt ndm:

Q=1 x t=(2,5%10°x1000)x(365x24%3600) = 78,84x 10 Coulomb
Tdng s mol electron twong tng 14: n(electron) = Q/F = 78,84x10%/96485 = 817,12 mol
m(Zn) = n(Zn) x M(Zn) = (817,12 /2)x 65,38 =26,71 kg
Vi lugng Zn thét thot 13 10% nén lugng Zn tham gia bdo v§ chéng &n mon 12 90% =
m(Zn) can dung 1a: 26,71/0,90 = 29,68 kg
b) Dién néing W = UxIxt=UxQ = 5%78,84x10° = 394,2x10% Ws = 109,5 kWh
¢) - Uy, nhuge didm cta hai phwong phép:
+ Phuong phép bao vé cathode: tiéu ton vat ligu (kim loai hi sinh), nhung khong tiéu hao
ning lugng ngoai.
+ Phuong phép sir dung dong dién cudng bire: khong tiéu tén v4t ligu nhung tiéu ton
nidng luong.
- Pham vi tng dung;:
- Phuong phép bao vé cathode phd hgp/uu tién hon khi béo vé cac thiét bi di dong nhu
thu, thuyén trén bién (trong moi trudng 4m).
- Phuong phép st dung dong dién cudng birc phi hop /uu tién hon khi ding dé bao vé
nhitng thiét bi ¢d dinh; trong méi trudng khic nghiét, kho.

Téng diém chu III

2,50

v
(3,0
diém)

2,0

a) Bidu thirc dang vi phén biéu dién toc df phan ing

!
B ~kC' +k_(Choy = =R Co 41, (C7 = C) = (ke + k)C +kCy

d t rans

b) Thiét 14p biéu thirc tinh ti 1¢ ndng do cis-but-2-ene tai thoi diém ¢ (C') so véi C?
theo t, K, ki va k_

%%_“ =—(k, +k_)C!+k_C: =—(1+ K ) k_,C; +k_,C] ==k, [(1 +K)C!-C? ]

dC;
(1+K)C,-C; 4

g
TR a e dt = Cj

s

1 o 0
= 1+K[ln((1+K)CS ~C?)-In((1+K)CP=C?) |= ks

1 0
:>1+K[ln((1+K)C;—Cs)—anCf]=—k_,t

l_ o t
SnG=C ke | BEG ok
XC® K C K

1+k\C 1 ¢ 1 K

il o P - o AP —k MK +1
:>( = )Cf K+exp[ k_,t(K+l)]:>C: K+1+K+leXp[ k_t(K +1)]
OV K=1:
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1+K)C, -C; 2C! -Cy C!-0,5C;
In —(——]%xo———‘ = —]C_lf(K + 1) = lnT = '—Zk_lt =1In —O—’S—C:_‘ = —'Zk_]f
= In(C! -0,5C7 ) =1n0,5C; ~2k.t

Vay d thj dang 1a H-1

1,0
a) Dit [cis] 1a ndng d6 cén bing cla cis-but-2-ene.
Nong d6 can bing cua trans-but-2-ene = C; - [cis]
_ [trans] _ Cy; —[cis] e ] =
[cis] [cis] K+1
C’ KC!
L is-but-2-ene chuyén héa 16n nhit= C? - [cis] = C] ———=——
wong cis-but-2-ene chuyén hoa lon n fi ? - [cis] = C il K+l '
Néu luong cis-but-2-ene chuyén hoa bing 30% so véi lugng chuyén héa 16n nhat thi
lwong cis-but-2-ene tai thoi diém ¢ 1a
c=cr- 0,3KC; _ C; +0,7KC;
K+1 K+1
C 1 0,7 1 K
— = = + exp[-k (K +1)]|= 0,7 =exp|—k_t(K +1
Co TR+ K+l K+l K+ p[-ht(K-+D)] [~k (K +D)]
-6
K=1,14k=16x10%s" i =Z‘l=5&x10—-=1,404><10"‘s-l
K 1,14
thay vao c6 ¢ = 32,98 gio
b) Sau khi phan mg xay ra dugc 10 gio:
C_ 1, X & [~k t(K +1)]
co TR+l Kl PTH
__L L exp| ~1,404x10°° x36000x (1,14 +1) | =0,9454
L14+1 1,14+1
C' =0,9454C° = C,,,,, =0,0546C° = t11¢ % ddng phén trans trong hdn hop 12 5,46%.
Tong diém ciu IV 13,0
\% 2,0
4,0 ; T o
diém) a) Céu tric ion I3, I3:
o 7
N

| I I
Lién két trong I; dai hon trong Ij. Gidi thich: Trong I, I" cho electron vao MO o,
ctia I lam ting mét do electron trén MO phén lién két = ting do dai lién két I-I; trong
I, I cho electron & MO 7,7, vio orbital trbng cua I* nén lam gidm mat do electron
rén MO phén lién két = giam do dai lién két I-L.
Néu thi sinh gidi thich theo cdch khdc hop Iy vén cho di diém.

b) Cu tric ionI; va I :
®
i /l\ °©
@“/'l'\ ) I |
o \ /l
P = RN iy
' \I ®

Goc lién két: 1 géc <109° va 2 gbc ~ 180° 2 goc <109°va 1 goc ~ 180°
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¢) T gia tri ham lwgng Al va Cl xdc dinh duge CTPT cua X1, X2

X1 : AlCIsIy ing véi CTCT: [I2CI] [AICL]”

X2 : AlClgl3 Gng véi CTCT: [I3CL2] TAICI4]" 3 )
Néu thi sinh chi xdc dinh CTPT va vé cdiu triic cation van cho du diém

Chu triic
®

Cl/l\le Cl
0 N/
l/ \Cl ('!3

Phéan #ng
10[I3CL]*[AICL] + 18H20 — 10AL* + 60CI+ 121+ 6105~ + 36H"
[I3CL2]*[AICLs]™ + 100H™ —— [AI(OH)4]™ + 6CI™ + 2" +1035™ + 3H,0

Néu thi sinh xdc dinh ding san phdm nhung khong cdn béng thi dugc nira 16ng 56 diém.

2,0

a) a = 2[t(Ni*") + 1(0*)] =418 pm = 4,18x107% cm
4x(58,7+16)
dy;

= =6,79g cm™
0= 6,022x10% x(4,18x10™7)’ & v

2-x-2
b) /) Li,Ni,O +2H"+ (2—x —2y)I" —>xLi* + yNi** + (_—XZ—L)IZ +H,0

—_ — +2
Li Ni O+ (X'i‘Zy)I-I+ — yxLit + yNiz" + 2-x Zy)o & (X y)H o
x Vy ———-4 5 ____.2 .

Ni*+ 20H™ —— Ni(OH),
Ni(OH), —%¥€ 5 NiO + H,0
I, + 28,0 ——2I" + 8,07

Khi thay thé Ni2* bing Li* va khuyét Ni2*, dé cén bing di¢n, mt phén Ni*? da bj oxi héa

1én Ni*?, Trong 0,6790 gam Y1 cé:

My =2y, = =0,014x0,1=1,4x10"mol

N =gy =i
MoTNO (58,7 +16)

= n,, =8,7x107-1,4x107 =7,3x107 mol

Goi x 1a 6 mol Li*, y 14 s6 mol O ta cé:

{2y—x =1,4x10x3+7,3x10°x2=0,0188

16y +6,9x =0,6790—8,7x10~ x58,7 = 0,16831

y=0,01;x=1,2x 10-3 = Nhu vdy cong thirc héa hoc ctia Y1: Lig,12Nio,870

ii) Trong tinh thé NiO, s6 vj trf Ni** = 0*

= sb vi tef khuyét=1-0,12-0,87=0,01 < 1,0%

=8,7x10%mol

Tong diem ciu V

4,0

VI
4,0
diém)

1,0

a) Sai b) Dung ¢) Ping d) Sai

1,5

a) Sau khi trdn, xét hé gdm: Ag* C% = 0,05 M; H3PO4: C°2=0,20 M
Sau khi diéu chinh pH, h¢ dd xuét hién két tiia AgsPO4 nén: [Ag'Px[PO#7] > Ks
Khi bt diu xuAt hién két tia thi [Ag'] = 0,05 M (bd qua sy thity phén clia Ag")

Khi dé: [PO}] zEA—Ki]—J =7,13x10"" M
g
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94 = K"lK"ZK‘73 = [POi_] >3,57x% 10_12
har h3 + thal + hKalKaZ s KalanKa3 C"z ,
véi i = [H"] — h < 9,04x10~° M hay pH > 4,05. Véy pHuin = 4,05.

=

b) Xét dung dich sau khi tron Ag* véi HoPO4: Ag': C° = 0,05 M; HaPO4™ C°%=0,20M
Vi COyx Ky = 1,23%1078 >> Ky = 1071 va Kip >> Kay nén HoPO4™ quyét dinh lyc acid, bd

qua dang PO4*~;
(1) HoPOs4~ = H* + HPO4* Ko = 1¢7

Miit khéc, C°2x Ky = 0,02x107'185 = 2,83x1072 > Ky nén HaPO4~ quyét dinh lyc base:
(2) HoPO4~ + H20 = H3PO4 + OH™ Kp=1071188

Khi d6: pH ~ %(pKﬂ1 +pK,,)=4,68

Vi dung dich ¢6 tdng ndng d6 phosphorous ban dAu tuong ty nhu thi nghiém phén (a) va
pH = 4,68 > pHmin = 4,05 nén dung dich sau khi trdn Ag* v6i dung dich HoPO4™ ¢6 xudt
hién két tha vang AgiPOs.
- Xét dd khi tron Ag* v6i dung dich chita hdn hop HaPO4 va H2PO4™

Ag": C° = 0,05 M; H3PO4: C°2 = 0,1 M; HoPO4™: C%3=0,1 M
Vi CoxKa1 = 7,08%1074 >> Ky = 107 va Ka1 >> K2 >> Ki nén pH do sy phan li néc 1
ctia H3PO4 quyét dinh. Xét cén bing:

H3PO4 = .H* + HoPO4~ Ku =10725
[1 (0,10-x) % (0,10 +x)
_xxO10+%) g o [H]=6,25%x10> M — pH=2,20

al —
(0,10-x)
Vi dung dich c6 tdng ndng d6 phosphorous ban dAu twong tw nhw phén (a) va pH = 2,20
< pHmin = 4,05 nén dung dich sau khi tron Ag"* v6i dung dich chira hdn hgp H3PO4 va
H,PO4 khdng xuét hién két tia vang AgsPOa.
K&t lugn: Phan biét duge hai dung dich.

15

2) X&t hdn hop thu duge khi dua Ag" vao dung dich Z. Gia sir chua xét dén sy tao ket
tha trong hé. Vi POs> c6 Ko = 107168 >> Kip = 10707 >> Ky = 107115 va C°xKpr =
8,36x10~ >> Ky, nén pH do cén bing thity phén nc 1 ciia PO4>~ quyét dinh.

Xét can bing: POs* + H,0 = HPO& o+ OH~ Ky = 107168
[1 (0,04-%) X X
K, = i o}j— = 107 — x =[OH]=2,03x102 M — [PO4*] = 1,97x107 M. Khi do:
- Dé két tha AgBr xudt hién thi [Ag"], = Ky 107 ) 69x10” M
[Br] 2x10*

—16,05
- D& két tha AgsPO4 xuat hin thi [Ag"], = 3/[;23_] &= </1 ;(7) e =1,65x10° M
4 s 71X

Vi [Ag']ay < [Ag']e) nén khi thém Ag* vao dung dich Z thi két tha AgBr s& xudt hién
trudc AgaPOq.

b) Xét hé sau khi trdn gom:
Ag*t C° = 5,00x1073 M; Br: C% = 1,00x107* M; PO4>~: C° = 0,02 M; NH3: Co/2 M
Khi Br- tao két ttia hét 99% s& mol, titc 14 cé phan tmg:
() Ag"+Br — AgBr

L i = 104% 194 = 10-6 e K107
Tai thoi diém ndy: [Br]=10"x1%=10"M — [Ag ]=[T3;T‘]=—IOT=10 M
TPGH gdm: AgBr |; Ag*: C1 = 4,90x10 M; PO#*: C2=0,02 M; NH3: C3 = Co/2 M
Gia sit C3xKp = C3x 107476 << CxKppt = 0,02x107568 = 4,18x10~* (*) — mdi trudng do

PO4*~ quyét dinh.
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Vi PO c6 Kot = 107758 >> Kip = 10707 >> K = 10755 va C%x Kbt = 4,18x1074 >>
Ky nén pH do cén bing thuy phan ndc 1 ciia PO4* quyét dinh.
Xét cén bang:

(2) PO& + H0 = HPO& + OH~ Kp = 10716

[ ] (0’02 - x) X X

2

K, = ﬁ_ —10746% — x = [OH] = 1,25%102 M — [PO4*] =7,49x10° M

y —-X
Khi d6: [Ag*PX[PO#] = (107527)3x(7,49x10%) = 1,16x107! < Ks2 nén khng c6 ket tia
AgiPOa.
Ta lai c6: Vi [Ag"] = 1047 M << Cy = 4,90x107° M va B = 1072 >> B = 10> nén
lugng Ag* du chit yéu tao phitc bc 2, Ag(NHs)". Nghfa 1a:

(3)  Ag'+2NHs; — Ag(NHa)," Pa=107%>> 107
— [Ag(NHa)s*] =4,90x10™ M. Tit [Ag'] = 10" M

. [[AeNH,):] \P,%x 107 2
{ 3] \/ ﬂz X[Ag+] 107,24 % 10-—6,27 x
Vi [NH3] = 2,29x1072 M thi gia sir (*) ding.
-4,76 -2
Khi d6: [NH?] = X2 R[NHL] 0 #3 29’210 =3,18x10™ M << [NH;]
[OH] 1,25%10"
Bao toan ndng do dAu cho NHs, ta dugc:
/2 = [NH;] + 2X[Ag(NH3)2'] = 2,29% 1072+ 2x4,90x107 = 3,27x107* M

— Co=6,54x102 M.

Téng diém ciu VI

4,0

Tong diém toan bai ([ + I+ I +IV +V + VI)

20,00

£

HET
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‘ g . ik
BO GIWAO TAO KY THI CHON HOQC SINH GI0I QUOC G

TRUNG HOC PHO THONG
NAM HQC 2024 — 2025

Mon: Héa hoc
Ngay thi: 26/ 12/2024
DPdp dn gom 11 trang

Cau

N§i dung

A
Pieém

I
3.5
diém)

0,75

a) Tang tinh phan cyc clia dung moi, cén bing dich chuyén vé phia A2.
Giai thich: Tinh phén cyc A2 cia 16n hon A1.
A2 c6 thé tdn tai & hai dang chu trie cdng hudng chinh A2 va A2'.

A X X
N~ OH N0 oN” oo
) H
A1 A2 A2

CAu tric cong hudng A2’ (hinh thanh hé thom bén va ludng cuc) gii thich cho tinh phén cuc

16n cua A2 (so v6i A1).
Dung m&i cang phén cyc cang ¢ xu hudng bén héa A2 hon A1. Do do, ting tinh phan cyc cla

dung mdi, cAn bing dich chuyén v phia hinh thanh A2,

b) Nhom chirc -OH ¢6 thé déng vai trd Bronsted acid dé hoat h6a nhém C=0 cua ester (ting

tinh electrophile).
Nguyén tir N cia vong pyridine c6 thé dong vai trd base.
Co ché minh hoa:

SN I o tai tao xdc tac | o~
| N Yo N7 oH
A2 H

A1

+
\
N: H
= ;ﬂ\-" R1N7£H —=,. R2CONHR' + R°OH
OR?
R2

1,25

a) B1 c6 thé tdn tai & ca cdu dang ghe, thuy@n (va thuyén xodn).
3 chu dang ghé, cdc nhém thé (-R va -OH) ddu dinh huéng equatorial dé tranh tuwong tac 1,3-
diaxidal. O cdu dang thuyén, tdn tai lién két hydrogen ndi phén tir bén hoa nd.
Hw
N

~N N
RN _on R N\xz

b) Viéc dua cAu nbi ~CH2CH;— lam cho B2 va B3 c6 cAu dang cd dinh hon.
+) Vong piperidine tdn tai chi yéu & mot clu dang ghé (*).

R2
-N
R 2
R1
chiém wu thé strc céng 16n
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+) Vong piperidine khong c6 xu hudng tdn tai & dang thuyén xoén (**) hofic thuyén (***),

H H R2
2 = 1
sz\ R® R R-N R
R\N > H ~ \|—'
H \ R! /N R1
R

\
\
C
Ha

dang thuy&n kém bn
dang thuy®n xodn dang thuyén xodn (khéng dugc bén héa
(strc cBng vong 5 16n) (strc cing vong 5 16n) b&i H-bond nita)

Chu dang bén nhét ctia B2 va B3 la céc dang ghé sau:

o o)
B2 B3

¢) i) cong thirc céu tao ciia B4.
O
P /Q/K/\/ N %
B4 Q
if) Giai thich: Nhom thé khéc nhau ctia hai nhém carbonyl gy higu ing dién tir khéc nhau.

-N  {¥=0) 2nhém alkyl gay +I
\\\~Qr" B4

nhom 4-F-CGH4- géy +C
nhom alkyl gay +l

Do anh hudng +C > +I nén carbonyl trong vong piperidine c6 tinh electrophile manh hon
nhém carbonyl & vi trf benzylic. Phan tng bao vé ketal (cong nucleophile) uu tién xay ra &

tam electrophile manh hon.
iii) Didu kién chuyén héa: 1. NaBHq hogic NaBH3(OAc)s hodic LiAlH4 (du), 2. MnOz.

0
1. NaBH,
F N% 2Mn%2_ ga
B4 0

1.5

a) Dya vao dit ki¢n phd hong ngoai: => nhém chie -CHO

Dya vao dit kién phd khéi: PTK = 120 => CTPT: CsHsO hodc C7H402
C1 la d4n xuit benzene nén CTPT ding: CgHsO

Cong thirc chu tao ¢6 thé co:

Y QAO /@Ao Y

(0]

b) CTCT C1, C2, C3 va C4:

selisalie:nlee-
COzH
C1 Cc2 C3 C4
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Co ché hogc 1ap ludn twong ty dé chon ding C2:

Ph
[1,5]-H Ph
o hv _ shift d\oH
H H -
CO, OH
=y, =
cozH

Tong diém ciu I 3,5
II Co ché E1 thanh E2: 0,5
(2,0
(7iél”) l ’AlCI3 H @O’Alclg
- I:Iig AlCl; 87 m retro-den Bn :_j
301 AICI3
d Ilan I?n
. @ 1,2-alkyl shift N - AlCly N
E3 thanh E4 0,5
Co ché 1

H,O:
0
Et Me Et [
O@ _H*shift Oe OH Me
Et OH Et OH
- od “CoH
0 0
H shift | O Me Bt Me
- OH — OH
Et Et
CO,H COzH
HO
S )Lo’H E4

Co ché 2:
©

©
Hp,0p + COy2 === HCOz + HOO

0 0
Et Me Et M Et Me
H,0, © ® H* shift
Et OH ~7%7 Et D j\e Et (o\
g3 © O H" o7 >0 0

Trang 3/11




(o o@) 0
Et O a Me Et Me Et Me
Et OH Et O-OH Et
o)
0 E3 HOO o o1 = ZH‘\(gH

o)
Et Me Et Me
— = o® _HO OH .
Et 0 Bt 20 Et 256 Y
o HO® o) HO" 0®©

O 0
Et
Et
. Me H,0 Me
Et OH ——*= OH
CO,H Et
©0 Ho M g4
Co ché E5 thanh E6: 0,5
ol
0
ph—t’) © —— Phl + 2002 * 2:CF3
CA
(O—go
CF3
Et - Et
N Me
MN?eO\ \g’ Me N\n/Me Me N\n,Me
/’j N2 o N 0
FH o ES MeO MeO
. o} o}
FsC
Et
Et
Me
. N _Me
-——»Me ( \n/ Me N\n/Me f— N
-N H o | - /“\/)
MeO ¢ o oo N o Me NS  E6
0] CFs e 0 OMe
0,5

E7 thanh E8: Co ché 1:

e

Me Y iNEty
Mo~ NN f3—01\/19 ENH® Mo
°) Er
MSOZC —
/_\@ 0
H oJ(O@

M
1 ‘\/ ®

COyMe

Me
Me
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Téng diém ciu II

2,0

11X a) Pung b) Sai ¢) biing d) Ping 1,0
(4;0 i 1,0
diém) a) Tong hop F1:

Me Me

Me o Me
NOH
405 ZnBry, EtOAC O NHuOH-HCI
—_— S S e
AcONa, EtOH, H,0
Me Me Me Me

limonene
Me " Me
NaOH o HCl Na’n
TsCl, MeCN 0 H
Me
Me
b) Téng hop F2:
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Me o Me o Me
H,0, 1.05 _ALbA _1.NaH,-78°C _ °Cc
—_—
2. PhsP 2. (EtO)2POCI 2, ClCOzMe
3. LDA
Me Me Il r2

limonene CO,Me
Chu tao céc chét ty G1 dén G8 1,0
OTHP OH OH qOpﬁ/
M3020; ;SPh | PhCOO—[/ ;SPh | ” |
G1: CoeH3p04S G2: Cy7H34038 G3: Cq4H240 G4: C14H220
Ph
520 o OTMS
0% o ‘ ; ” :
\
G5: C20H26OSS G6: C14H2002 G7: C17H23038| G8: C15H2203
Céu tao céc chat H1 dén H8 1,0
Me
me oH" Me MO\ _Me Me i
i Me—Q—Ozs Me
MEMO MEMO MEMO ° HO
H1: C4gH300
161303 H2: C19H3604 H3: CygH4606S H4: C34H4003S
Me Me Me Me Me Me Mo e -
Me Me Me
Tol—0,S Tol—0,8
Me._ Me j Me J— Me Me
P o Me (o] Me (o) Me
H6: C27H42033 HT: CZ7H4OOSS H8: 020H32O H9: CQQH320
Tong diém cu 11T 4,0
v So d6 tong hgp Corallocin A 0,5
3,0 OMe
diém)

/@\ POC|3 /@( AI013 /@ _NIS, AlCly
D
MeO COzMe CO,Me CO,Me Bets

OMOM Etozcj\/\)\/\ B-O

OH .
| cho 1-NaBHs, MeOH | ; o 7&(
then HCI, HyO _ o e

MeO CO,Me 2. MOMCI, EtsN, DMF  MeO CsF, PdCly(dppf): DCM
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OMOM
tOzC % KOH, H20, EtOH HO2C
then HCI, H,O
en . Corallocin A
CAu tao c4c chét tir K1 dén K4: 0,5
SiMegH OH
% =% Ph X X Ph
n— it
MeO MeO
O o]
K1: ngH39N02S| K2: C27H33N03
X
=
9 of i Ph
Ph
v/ "
MeO
MeO
0O 0o
K3: C27H33NO3 K4: C,7H33NO4
2,0

a) CAu tao c4c chét L1 dén L4:

X

/w\ W
o>~ Br " oH o

‘ OMe

L4
b) Cau tao cac chat tir M1 dén M13:

MeO
o % 0, ~ 3
OMe

M2: C13H2002

OMe [e) OMe
Y oMe Y oMe
TESO TESO
; _ _ TESO -
J J 0 OH=S

M5: ngH5oo5S'

M4: 029H5204S|

(0] OMe
TESO T TESO
0p
s=(

OCgFs
M8: 035H47F5OBSS|

M9: 031H5204S|

M3: 029H5204Si
©) OMe

M7: 023H40053|
OMe

TESO

M10; 033H5504Si
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T™MS

M11: C40H70058i2 M12: C31H4604 M13: 033H5404
Tong diem ciu IV 3,0
\% 1,0
(3,5 a) Cong thitc cAu tric N1 dén N&. (5 x 1/8 diém)
diém) o] o] 0 o} HO
><o o) ><o (o] ><o o) ><o 0 HO., ~~q
o Lm0 ge) Re)
Ho” T, HO" N HNT HoN™ Y OH
ay o T M e M
N1 N2 N3 N4 N5
b) N1 va N2 13 ddng phan epimer (hofic ddng phén dia).
¢) Pio nghich cAu hinh & C? ciia N1, sir dung phén tng SN2.
Céc lya chon minh hoa:
+) Mitsunobue: 1. AcOH, Et0,C-N=N-COEt, PhsP ; 2. MeONa, MeOH.
+) 1. TsCl, pyridine; 2. KOH aq.
' 1,25
a) O pH 7,4: nhém -NH3" khong phén li va ton tai & dang -NH;" ; nhém -CO2H phén li va
tdn tai & dang -CO2 ; cac nhém chitc khac khong phén li.
O @
COg ' NH3
Yo ols .als
HaN™ "CO2 HaN~ ~COy HaN~ ~CO,
valine glutamic acid lysine
b) G pH 7,4: O1 tdn tai & dang carboxylate
H ? H 2
oKy e Ao
o (01 0
01 tao lién két ion véi hop phin duong dién clia protein. Don vi amino acid mang dién tich
duong & mach nhanh & pH 7,4 12 Lys (xem cau a)
¢) 02 déng vai tro la tic nhén clectrophile (vong B-lactone c6 tinh electrophile manh nhét)
n-CaH1j:(\("'CgH23 n-CeH1a ; n-CqyHzs
z EX o)
Qo0 °© + HB* om
NHCHO — o uo)u %NHCHO < o) NHCHO
1,25

a) CTCT P2:

g,

P2

Co ché:
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retro
CH,=RuLn [2+2] = LyRu
_— g — —————
[2+2] LaRu LRu? [2+2]
(3)

(1) (2)

P1
retro O
_[_2i2_]> WRU% —
(4) 1 [2+2]
(6)
retro IAn lugt 13p lai
L %WRUL,, c——>éc b__»u'é!c B “”4;\/\/\/\%
n
(6) 2 P2
b) CTCT P4, P5:
OH
n
OH m
P4
%\/\/\/\9}7\/\[( OH
X
P5 9

¢) Cin ndng d¢ P6 thép dé khdng ché dong hoc ctia phan tmg, nhdm han ché phan tng lién
phén tir (phéan g oligomer, phan Gng polimer hoa) va wu tién phan tng ndi phén tir (phan
ing dong vong).

Tong diém ciu V 3,5
VI 1,0
(@0 || a)Khiduy WX 6 pH=2thi/s=10°Mva[OH]=10"M
diém) _ Xt cde dang Cr(VD): Vi h=107>> Ky =107 nén [HCtO4] >> [CtO4*], bd qua ndng

d6 ctia CrO4>~ so v6i HCrO4~

Xét can bing chinh:  Cr207 + H20 = 2HCrO4 Ky =107164
[] (0,03 —x) 2x
2
K= 5 ;';‘ 107 S x=1,06x102 M — [Cr2074]=1,94x1072 M
y —-X
— & pH =2, Cr(VI) tdn tai chu yéu & céc dang Cr07% va HCrO4™,
- Xét cac dang Cr(Ill):

1072
102 +107>%

[Cx-3*]=c°xh hﬂ» =8,00x107 x =7,91x10" M
+

1
[Cr(OH)**] = 8,88x10° M
Kiém tra: [Cr¥*]x[OHP = 3,77x10 < Ks = 6,31x107! — khong c6 két thia Cr(OH)a.
— ¢ pH =2, Cr** la chu yéu, cac dang Cr(OH)*" va Cr(OH)4~ khong déng ké.
- Ap dung phuong trinh Nernst cho ban phan tng: Cr07% + 14H" + 6¢ = 2Cr*" + TH20

-2 -25\14
0,05921g1,94x10 x(}zoz) 1078 V
6 (7,91x107)

E=133+

b) Khi duy trl X & pH =14 thi h = 10" Mva[OH]=1M

_ Vi dang cde dang Cr(VD: Vi h=10" <<Ka= 10°65 nén [HCrO47] << [CrO4*7], bd qua
ndng do ctia HCrO4™ so véi CrO4*",

Cén bing chinh (3): CryO7%~ +20H™ = H0 + 2010 K= KixKy? =103
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Vi K rat 16n — phan tng coi nhu hoan toan. J diéu kién nay, Cr(VI) ton tai chl yéu dang
CrO4% 0,06 M; OH™ 1 M (cb dinh).
- V6i dang cde dang Cr(I1]): Vi mdi truong base manh nén c6 phan (ng sau:

(1) Cr** + 30H™— Cr(OH)3} Kt =1p0020

(2) Cr(OH)3 + OH™ — Cr(OH)4™ K=K 'xKy=1070%
— [Ct(OH)4 Jmax = K/[OH™] = 107%% = 0,501 M >> 8,00x107 M nén két tha Cr(OH); dd
tan hoan toan, Cr3* tdn tai chinh & dang Cr(OH)4™. Phan ing chinh

3 Crt o+ 40H- —  Cr(OH)( K'= KK =10%7
Vi K’ tit 16n — phén (mg coi nhu hoan toan. & diéu kién nay, Cr(III) tdn tai chi yéu dang
Cr(OH)4~ 0,008 M; OH" 1 M (cb dinh).
Thoi didm nay, hé tdn tai chinh 1a CrO4*; Cr(OH)a—5 OH”

- Xét cip oxi héa khir (*): CrOs* + 4H20 + 3¢ = Cr(OH)4™ +40H" E°=1?
Can bang (*) duge td hop tir cdc qué trinh sau:

1/2x |(1)2Ct04 +2H" = Cra07* + H20 Kt =101464

12x |(2) CraO7* + 14H" + 6 = 2Cr** + 7TH20 Ky = 101:33%6/0,0392 — 113480
1x |(3)Cr*+30H = Cr(OH)s K =103020

1x |(4)Cr(OH)3 + H20 = Cx(OH)s +H" Ky =10"1430

7x |(5)H20 = H"+OH" Ky = 10714

CrO + 41,0 + 3e = Cr(OH) +40H™ K =Ki"2x Kp'x K% Kgx Ky = 107738
— F°=-17,38%0,0592/3 =—-0,146 V
Ap dyung phuong trinh Nernst cho ban phan Gng (*):
CrO4 + 4H,0 + 3¢ = Cr(OH)s +40H™
10,0592 0,06
Ig z
3 0,008x1

E=-0,146+ =-0,129 V

1,0

a) Dit cong thire X2 14 CraOp: Mx2 = 94,66a ; v6i a = 3 (mg v6i cong thirc Cr3Os
X1: Cr(OH)3 X2: Cr30g (CrY¥2Cr¥hOs
X3: Cr2(SOa)3 X4: H2Cr207

b) Két tiia vang 12 BaCrO4, dung dich lyc nhat 13 Cr(OH)y~
1,520+0,760

=9,00x10~ mol
253,3

Téng sb mol CrO4* =

1,571
9x107
Sé oxi héa cta Cr trong X5 14 +5 phit hop véi ti 1§ phén tng tach JCr" ——> 2Cr*0 + Cr*
Phan ing
2Cr0, +4S0Cl, — 2CrOCl; +380, + SO,Cl,
3CrOCl, +160H™ ——> 2Cr0% + [Ct(OH) I +9CI” + 5H,0
2[Ct(OH), I~ +3H,0, —> 2CrO;™+ 20H + 8H,0

Mxs = =174,5, vay X5 la CrOCls

2,0

¢ s .omy, M
a) S CI & cAu ngoai = —2>. L
m M AgCl

Tir cac phan g, dy doén trir Y2, céc phirc chéit con lai 12 phirc chdt Cr(III)

Y1 Y3 Y4 Y5 Y6

%mCr 22,20 21,85 23,11 21,36 22,96

%mCl 37,89 29,83 31,56 14,58 47,02

Ti 1¢ Cl/Cr 5:2 2 2 1 3
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M 468,5 225,0 2434 226,5
S5 CI' céu ngoai 5 2 1 1
S8 phdi tir anion -1 1 1 2 2
trong cdu noi
Y1, Y2:
NH/‘H\IH3 T};NHs NH3NH3
H
H3N——/-Cir——O—Cr——NH3 HeN—Cr—NH3 | Cl,
N g N g HN g
[Cry(NH3),00H]Cls [Cr(NH;)]CL,
Y3, Y4:
NHa NHs NH3 g
H3N'—'CT—_NO C12 H3N-—'CI‘—"OH Clz
HaN' N HaN' - NHs
[Cr(NH;)sNO]Cl, [Cr(NH;)sOH]Cl,
Y5, Y6:
0X, 0
NH Sl NH,
O—Cr—NHj3| Cl CI—7Cr———NH3 Cl
HgN
0 NHs g NH,
[Cr(NH3)4(C204)ICl cis- [Cr(NH;),4Cl,]Cl

A . r
Gén sO oxi hoa:

b) Y3: [Ct(NH3)s(NO)]Cl2  pspin = «/1(1-*'2) =1,73 us — 1 electron ddc than

Nguyéntt Cr | Phéi tir NO

+3

-1

Do d6, Y3 chi con 1 electron dgc than,

NO- déng electron véi O2. Lién k&t 7v tao thanh do sy xen phu gifta obital d cia Cr** va MO
7'en'y cila NO™ va 2 electron dgc thén ctia Cr** (d) cip doi v6i 2 electron d6c than ctia NO™.

Téng diém ciu VI

4,0

Tong diém toan bai (IHIHIIHIV+V+VI)

20,0
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