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CHUYEN PE 1. CAU TAO NGUYEN TU - BANG TUAN HOAN - LIEN

KET HOA HQC
Phan A: Ly rhuyé’t trong tam (2,5 budi) - Phan B: Bé 2 dé luyén dinh dang SPT (45 phzit/dé)

I Bién soan: Thay Lwong Hii Anh - Gido vién Truong THPT Chuyén Nguyén Trai - DT: 0328186264

PHAN A. LY THUYET TRONG TAM

Muc tiéu chuyén dé: (1) Viét duoc cdu hinh electron ctia nguyén tir va ion, suy ra vi tri — tinh chat nguyén
t6; (2) Xac dinh tinh thuan tir — nghich tir; (3) Viét cong thirc Lewis, du doan hinh hoc phan tir theo mo
hinh VSEPR va trang théi lai hoa; (4) Dung lién két hydrogen — tuong tac van der Waals giai thich nhiét
d6 soi, tinh tan. Pay 1a cic ning luc duge hoi truc tiép trong dé SPT 2025 (ciu 9) va dé tham khao 075
(cau 13, 16, 19).

BUOI 1. CAU TAO NGUYEN TU

1.1. Thanh phan nguyén tir

Nguyén tir gdm hat nhan (proton mang dién +1, neutron khong mang dién) va 16p vo (electron mang dién
—1). Khéi lugng proton ~ khéi lugng neutron ~ 1 amu; electron nhe hon khoang 1836 1an nén khéi lugng
nguyén tir tp trung gan nhu toan bd & hat nhan.

S6 hiéu nguyén tir Z = sd proton = s6 electron (nguyén tir trung hoa). S6 khdi A = Z + N. Ki hiéu nguyén
tir: A7X.

Pdng vi (isotope): cac nguyén tir c6 cung Z nhung khac N. Nguyén tir khdi trung binh: A = (a1A:1 + a:A.
+...)/100 v&i a 14 phan trim sb nguyén tir mdi dong vi.

Ba bai toan hat kinh dién: téng s6 hat S = 2Z + N; hat mang dién nhiéu hon khong mang dién: 2Z — N;
v6i ion, cong/trir electron twong tng (cation X" mat n electron, anion X™ nhén n electron).

1.2. Lép vo electron va cau hinh electron

Orbital nguyén tir (AO) 1a khu vye khong gian quanh hat nhan c6 xéac suat tim thdy electron 16n nhat. AO

s hinh cau; AO p hinh s6 tdm n6i (3 AO px, py, pz). Moi AO chira toi da 2 electron ngugc chiéu tu quay.

L6p thir n ¢6 n phan 16p; sb electron tdi da: phan 16p s: 2, p: 6, d: 10, f: 14 — 16p n chira téi da 2n?

electron.

Ba nguyén li — quy tic viét cau hinh electron:

— Nguyén li vitng bén (Aufbau): electron chiém céc phan 16p theo chiéu ting ning lugng: 1s 2s 2p 3s 3p
4s 3d 4p Ss... (meo ban co chéo).

— Nguyén 1i Pauli: mdi AO t6i da 2 electron ngugc chiédu.

— Quy tic Hund: trong cting phan 19p, electron phan b sao cho s electron doc than 1a téi da.

Luu ¥ trinh bay: viét theo thir tu ning lugng rdi sap lai theo 10p (...3d viét sau 3p, trudc 4s khi sip theo

16p). Cau hinh ion: viét ciu hinh nguyén tir true, sau d6 cation bét electron @ LOP NGOAI CUNG trudc

(4s trude 3d voi kim loai chuyén ti€p); anion thém electron vao phan 16p con trong.

Electron hoa tri (valence electron): electron & 16p ngoai cung va phan 16p sat ngoai chua bao hoa (véi

nguyén to d: ns + (n—1)d).
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1.3. Thuén tir — nghich tir (paramagnetic — diamagnetic)

Nguyén tir/ion CO electron doc than — thuan tir (bi nam cham hat nhe). KHONG c¢6 electron doc than
— nghich tir. Mudn xét, phai viét ciu hinh theo 6 orbital va dém electron doc than.

Vi du nhanh: Na (Z = 11): [Ne]3s! — 1 electron doc than — thuan tir. Al (Z = 13): [Ne]3s23p' — thudn
tir. Ca (Z = 20): [Ar]4s*> — khong c6 doc than — nghich tir. O (Z = 8): [He]2s*2p* — 2 doc than — thuan
tir. Zn (Z = 30): [Ar]3d'%4s?> — nghich tir.

@ SPT PA HOI THE NAO? (gidi mau)

[TK-075, cau 13] "O pha khi, trong s6 cac nguyén tir Na (Z = 11), Al (Z = 13), Ca (Z = 20), (c4c) nguyén tir
nao & trang thai co ban 1a nghich tir?" — Giai: chi Ca c6 c4u hinh [Ar]4s? khong con electron doc than —
dap an C (Ca). Bay: hoc sinh hay chon "Na, Ca" vi nghi 3s' "du doi véi 4s"; phai xét tmg nguyén tir doc lap.
Dang can luyén thém: bai toan téng sb hat; % ddng vi tir nguyén tir khdi trung binh (va nguoc lai); cdu hinh
ion ctia kim loai chuyén tiép (Fe?*, Fe**, Cu** — bot 4s trude 3d).

BUOI 2. BANG TUAN HOAN CAC NGUYEN TO HOA HQC

2.1. Céu tric bang tuin hoan

Céc nguyén t6 xép theo chiéu ting dién tich hat nhan; cic nguyén t6 cung s6 16p electron xép thanh mot
chu ki; cung s6 electron hoa tri xép thanh mdt nhom.

Quan hé cAu hinh — vi tri: SO thir ty 6 = Z. S6 thir tw chu ki = s6 16p electron. Nhom A (nguyén td s, p):
s6 thr tw nhom = s6 electron 16p ngoai ciing. Nhém B (nguyén tb d): sb thir ty nhém = s electron héa tri
ns + (n—1)d (8,9, 10 — nhom VIIIB; 11 — IB; 12 — IIB).

Suy ngugc tinh chét: 16p ngoai cing 1-3 electron — kim loai; 5—7 electron — phi kim; 4 electron — ¢6
thé 1a kim loai hodc phi kim; 8 electron (hoac 2 voi He) — khi hiém.

2.2. Xu hwéng bién d6i tudn hoan

Ban kinh nguyén tir Giam Tang
b6 am dién Tang Giam
Tinh kim loai Giam Tang
Tinh phi kim Tang Giam
Tinh base ctia oxide/hydroxide Giam Tang
Tinh acid cua oxide/hydroxide Tang Gidm

Gbc giai thich (dung khi dé bat "giai thich"): trong chu ki, Z ting ma s6 16p khéng d6i — luc hut hat nhan
— electron ting — ban kinh giam, d6 am dién tang. Trong nhom, sé 16p ting chiém uu thé — ban kinh
tang.

So sanh ban kinh ion — nguyén tir: cation nho hon nguyén tir trong tmg (Na™ < Na); anion 16n hon (CI" >
Cl); diy ddng electron (O, F-, Na*, Mg?" déu 10 electron): Z cang 16n ban kinh cang nho.
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@ SPT DA HOI THE NAO? (giai miu)

[2025, cau 9] "Cau hinh electron & trang thai co ban clia nguyén tir nguyén t6 X 1a 1s22s2p3s23p*. Phat biéu
nao sau ddy KHONG dung?" — Giai: X c6 Z = 16 (sulfur): chu ki 3 (3 16p), nhom VIA (6 electron 16p ngoai
cung, nguyén to p), 1a phi kim. Phat biéu sai 13 "X c6 4 electron hoa tri" (thuc t& 6) — dap an B. Ki thuat:
dém NHANH t6ng e 16p ngoai ciing, dimg nhim "electron phan 16p ngoai ciing (3p* — 4 e)" véi "electron
16p ngoai cung (3s23p* — 6 e)" — day chinh 1a bay cua cau nay.

[Luyén dé 2, cau 1] Phan lérp ngoai cfmg 3p* — tim cAu sai trong 4 phat biéu vé vi tri — s0 hat. Cung khuon
v6i cau trén — dang "mot cdu hinh, bon phat biéu" 1a khuén ua thich ctia SPT.

BUOI 2,5. LIEN KET HOA HQC

3.1. Quy tic octet va cac loai lién két

Quy tic octet: nguyén tir c6 xu hudng dat 8 electron 16p ngoai cung (nhu khi hiém). Ngoai 1é quan trong:
BH3/BF; (B chi ¢6 6 electron quanh minh — hyt octet), H chi can 2.

Lién két ion: hinh thanh do lyc hut tinh dién giira cation (kim loai dién hinh) va anion (phi kim dién hinh);
hiéu d¢ am di¢én > 1,7 (tham khao). Hop chét ion: rin & diéu kién thuong, nong chdy cao, dan dién khi
nong chay/hoa tan.

Lién két cong hoa tri (covalent bond): ding chung cap electron; khong cuc (Ay < 0,4) va ¢6 cuc (0,4 < Ay
<1,7). Lién két cho — nhan (dative): cip electron chung do mot nguyén tir dong gbp (NHa™, phirc chat —
s& gip lai & chuyén dé 10).

BAY KINH DIEN cua SPT [TK-075, cau 16]: cac mubi ammonium (NH4Cl, (NH4)2S04) va mudi chta
gbc acid (NaHCO3) c¢6 CA lién két ion (giita cation — anion) 1dn cong hoa tri (bén trong ion da nguyén
tr). Vay day "chi co lién két cong hoa tri" khong duoc chira mudi: dap an la H»S, Clp, NOa.

Cong thirc Lewis: biéu dién electron héa tri bang dau cham/gach; cac budc: dém tong electron hoa trji —
chon nguyén tr trung tim (d6 4m dién thap hon, trir H) — ndi lién két don — hoan thién octet cho nguyén
tir ngoai — chuyén cip electron thanh lién két boi néu trung tim thiéu.

3.2. Hinh hoc phan tir — mo hinh VSEPR

Tu tudng VSEPR: céc cap electron hoa tri quanh nguyén tir trung tim dy nhau va phan b xa nhau nhat.
Ki hiéu AXnEm (X: nguyén tir lién két, E: cap electron riéng).

CO», BeH» Puong thang (linear) 180°

Tam giac phang

AX; BH;, BF3, SO; 120°

(trigonal planar)
AX4 CH4 T dién (tetrahedral) 109,5°

Choép tam giéc (trigonal

AXGE NH .
’ ’ pyramidal)

107° (< 109,5°)

AXE, H,0 Gap khuc (bent) 104,5°

Quy luat goc: cap electron riéng chiém khong gian rong hon cip lién két — mbi cap riéng "ép" goc lién
két nho lai (CH4 109,5° — NH;3 107° — H0 104,5°).
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Lai hoa (hybridization) gan véi hinh hoc: sp — thang (C trong C2Ha, CO,); sp® — tam giac phang (B trong
BH3, C trong CoHa); sp® — tir dién/chop/gap khiic (C trong CHa, N trong NH3, O trong H20).

3.3. Lién két hydrogen va twong tic van der Waals

Lién két hydrogen: lyc hut tinh dién gitta H (d4 lién két véi F, O, N) véi nguyén tr F, O, N (con cip
electron riéng) cua phan tir khac. H¢ qua: nhiét d0 soi1 va do tan trong nudc cao bat thuong: H>O > HsS;
HF > HCI; alcohol > ether/aldehyde cting phan tir khdi; ethanol tan vo han trong nudc.

Tuong tac van der Waals: lyc yéu giita moi phan tt, ting theo khdi luong va dién tich tiép xtic — nhiét
d6 soi ting dan trong diy dong dang (alkane khi — 1ong — rin).

Thi ty so sanh nhiét do sdi can nhé (hay gip ¢ ca hitu co): carboxylic acid > alcohol >
aldehyde/ketone/ester > hydrocarbon (cting s6 C) — gbc 1& 1a s6 lién két hydrogen tao dugc.

@ SPT PA HOI THE NAO? (gidi mau)

[TK-075, cau 19] BH; va CH4: BH; kiéu AX; (B lai hoa sp?) — tam giac phang, goc 120°; CH, kiéu AXy
(sp®) — tir dién, 109,47°. Pap an D: "BH; dang tam giac, CHs dang tir dién, goc trong BH; LON hon CH,".
Béy: phuong an A gidng hét nhung ddo "nho hon" — doc ki chiéu so sénh!

[2023, cau 18] Nhiét do sbi cao nhét trong: ancol metylic, etylic, propylic, andehit propionic — ancol
propylic (M 16n nhat trong day alcohol c6 lién két hydrogen; aldehyde khong ¢6 lién két hydrogen) — dap
an B.

CHECKLIST CHOT CHUYEN DE (hoc sinh ty tick trwée khi lam dé)

Viét duge ciu hinh electron nguyén tir/ion bét ki véi Z < 30 (ké ca Fe*', Fe**, Cu®").
Pém duoc electron doc than — két luan thuén tu/nghich tir.

Ttr cAu hinh suy vi tri (6 — chu ki —nhom) va nguoc lai; phan biét "electron 16p ngodi cing" véi
"electron phén 16p ngoai cung".

Thudc bang xu huéng tuan hoan + gdc giai thich.

Nhan dién nhanh hop chét c6 lién két ion / cong hoa tri / cho — nhan (muéi ammonium!).

Thudc bang VSEPR 5 dong + quy ludt goc + lai hda twong Gng.

Dung lién két hydrogen giai thich nhiét 6 soi — do tan.
Thuat nglr tiéng Anh cua chuyén dé: atom, nucleus, proton, neutron, electron, isotope, atomic orbital,
electron configuration, valence electron, paramagnetic/diamagnetic, periodic table, group/period,

electronegativity, ionic bond, covalent bond, dative (coordinate) bond, Lewis structure, VSEPR,
hybridization (sp, sp?, sp°), lone pair, bond angle, hydrogen bond, van der Waals interaction.
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PHAN B. BQ 2 PE LUYEN PINH DANG SPT

CAu triic d& (mé phong dé SPT chuén 2025, rut gon con mot nira): Phan I — 10 c4u tric nghiém (5 diém,
0,5 diém/cau); Phan I — 1 cau Dang/Sai 4 ¥ (2 diém, thang liiy tién: 1 ¥ 0,25 -2 0,5-3 ¥ 1,0— 4y 2,0);
Phan I1I — 2 c4u tra 101 ngén (1 diém, 0,5 diém/cau); Phan IV — 1 cu tu luan (2 diém).

PE SO 1 (1am va chira tai 16p — 45 phiit)

Phin I (5 diém). Thi sinh tra 1i tir cAu 1 dén cAu 10. M&i cAu chi chon mgt phwong an.

Hoc sinh ghi dap an da chon vao bang sau:

Pap an

Ciu 1. Silicon 12 nguyén t6 quan trong ctia cong nghiép ban dan. Trong tu nhién, silicon c6 3 dong vi
bén: 28Si (92,23%), 2Si (4,67%), 3°Si (3,10%). Nguyén tir khdi trung binh cua silicon 1a
A.28,11. B. 28,00. C. 28,50. D. 29,00.

Céu 2. Ton Fe?" dong vai tro trung tdm trong phan tir hemoglobin van chuyén oxygen ctia mau. Cau hinh
electron ciia ion Fe?* (Zre = 26) 1a

A. [Ar]3d°. B. [Ar]3d*4s’.
C. [Ar]3d°4s'. D. [Ar]3d%4s’.
Cau 3. Nguyén tir nguyén t6 X c¢6 cau hinh electron 1s2s*2p°®3s?3p°>. Phat biéu nao sau day vé X 1a dung?
A. X thudc chu ki 3, nhém VA ctia bang tuan hoan.
B. X la kim loai dién hinh.
C. X ¢6 7 electron & 16p ngoai cliing va 1a phi kim dién hinh.
D. Oxide cao nhét ctia X ¢6 cong thirc XO,.

Ciu 4. O pha khi, diy gdm cac nguyén tir déu nghich tir (khong c6 electron doc than) ¢ trang thai co ban

la
A.Ne (Z=10), Mg (Z=12). B.O(Z=8),Na(Z=11).
C.Na(Z=11), Al (Z=13). D. O (Z=28), Mg (Z=12).
Céu 5. Cho cac nguyén t6 cung thudc chu ki 3: Na, Mg, Al, Si. Thir ty giam dan ban kinh nguyén tir 13
A.Na>Mg > Al > Si. B. Si> Al> Mg > Na.
C.Na> Al>Mg > Si. D. Mg > Na > Si> Al

Céu 6. Trong cac hydroxide sau, chit c6 tinh base manh nhat 1a
A. NaOH. B. Mg(OH).. C. Al(OH);. D. Si(OH)4.

Céu 7. Phan dam ammonium chloride (NH4Cl) dugc ding bon cho laa nude. Phat biéu nao sau ddy vé
lién két trong NH4Cl 1a dang?

A. NH4Cl chi chira lién két ion.

B. NH4Cl chi chira lién két cong hoa tri.

C. NH4CI chira lién két ion, lién két cong hoa trj va lién két cho — nhén.
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D. NH4Cl chira lién két ion va lién két hydrogen bén viing trong tinh thé.

Céu 8. Theo mo hinh VSEPR, phén tir ¢6 dang duong thang 1a
A. H>O. B. NHs. C. COan. D. CHa.

Céu 9. Ethylene (C2Hy) 12 hormone thuc vat 1am qua chin, dong thoi 1a monomer san xuat nhya PE. Trang
thai lai hoa ciia nguyén tir carbon trong phéan tir ethylene 1a

A. sp. B. sp°. C. sp’. D. sp’d.
Cau 10. Ethanol (C2HsOH) va dimethyl ether (CH30OCH3) c6 cung cong thirc phan tit CoHsO nhung nhiét
d6 s6i cua ethanol (78,3 °C) cao hon hin dimethyl ether (—24 °C). Nguyén nhan chinh 1a do
A. ethanol c6 khdi lugng phan tir 16n hon.
B. giita céc phan tir ethanol c6 lién két hydrogen, con dimethyl ether thi khong.
C. ethanol c6 nhiéu lién két cong hoa tri hon.
D. dimethyl ether c6 tuwong tac van der Waals manh hon.
Phan II (2 diém). Trong mdi y a), b), ¢), d), thi sinh chon diing hoic sai.
Cau 1. Potassium (Z = 19) 1a nguyén t6 dinh dudng da lugng ciia ciy trong, ¢6 mit trong phan bon kali.
a) C4u hinh electron ciia nguyén tir potassium 1a 1s*2s?2p®3s?3p%4s!.
b) Potassium thugc chu ki 4, nhom IA cta bang tuan hoan.
¢) O trang thai co ban, nguyén tir potassium 1a nghich tir.
d) Hydroxide cua potassium c6 tinh base yéu hon hydroxide ctia sodium.

Hoc sinh ghi D (dung) hodac S (sai) vao bang sau:

Diing / Sai

Phan III (1 diém). Thi sinh chi viét két qua.

Cau 1. Nguyén tir nguyén t& X ¢o tong s hat proton, neutron, electron 1a 40; trong d6 sé hat mang dién
nhiéu hon s hat khong mang dién la 12. Xac dinh s6 khdi A cua X.

Céu 2. Viét tén dang hinh hoc ctia phan tir NH3 theo m6 hinh VSEPR.
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Phin IV (2 diém). Thi sinh trinh bay day du 10 giai.

Cau 1. Nudc 1a dung méi quan trong bac nhit cua su sdng; carbon dioxide 1a khi gy hiéu ng nha kinh

chu yeu.

a) Viét cong thic Lewis cua H>O va CO». Dya vao mé hinh VSEPR, du doan dang hinh hoc va goc lién
ket cia moi phan tur.

b) O ap sudt thudng, nude sbi & 100 °C trong khi hydrogen sulfide (H2S) — chét ¢6 cing kiéu cdu tao va
phan tir khoi 16n hon — s6i 6 —60 °C. Giai thich.
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PE SO 2 (giao vé nha — 45 phut)

Phan I (5 diém). Thi sinh tra 10i tir cAu 1 dén caAu 10. Mi cAu chi chon mdt phwong an.

Hoc sinh ghi dap an da chon vao bang sau:

Pap an

Céu 1. Copper trong ty nhién gdm hai dong vi bén ©Cu va ®*Cu, nguyén tir khéi trung binh 1a 63,54. Phan
tram sd nguyén tir cua déng vi ©Cu 1a

A. 73%. B. 27%. C. 50%. D. 63%.
Cau 2. Ton X* ¢6 ciu hinh electron giéng khi hiém neon (1s22s?2p®). Nguyén t6 X la
A. oxygen (Z = 8). B. sulfur (Z = 16).
C. magnesium (Z = 12). D. fluorine (Z =9).
Céu 3. Nguyén tir nguyén td Y c6 ciu hinh electron [Ar]3d®4s?. Vi tri ciia Y trong bang tuan hoan 1a
A. chu ki 4, nhém VIIIB. B. chu ki 4, nhém ITA.
C. chu ki 3, nhém VIB. D. chu ki 4, nhém VIB.

Cau 4. O trang thai co ban, nguyén tir nghich tir trong s6 N (Z =7), O (Z = 8), Al (Z = 13), Zn (Z = 30)
la

A.N. B. O. C. Al D. Zn.
Ciau 5. Day cac oxide duge xép theo chiéu tinh base giam dan 1a

A. Na;0 > MgO > ALO:s. B. Al203 > MgO > NaxO.

C. MgO > Na;0 > AlOs. D. NaxO > Al,03 > MgO.
Cau 6. So sanh nao sau day vé ban kinh 1a dung?

A.Na" <Na. B.CI'<Cl.

C.Na'>K". D. 0" <F.

Céu 7. Diy nio sau day gom céc chét chi c6 lién két cong hoa tri trong phan t?
A. CO2, H20, NHs. B. NaCl, H20, COx.
C. NH4NO3, CHy, Cl. D. KOH, H:S, SOs..
Céu 8. Boron trifluoride (BF3) dugc ding 1am xuc tac trong tong hop hitu co. Theo mé hinh VSEPR, phat
biéu dung vé BF3 va NH3 la
A. ca hai phan tir déu c6 dang chop tam giac.
B. BF; dang tam giac phang (goc 120°), NH3 dang chop tam giac (goc ~ 107°).
C. BF3 dang chép tam giac, NH3 dang tam giac phang.
D. ca hai phan tir déu ¢ goc lién két bang 109,5°.
Cau 9. Acetylene (C2Hz) dugc ding trong dén xi han cat kim loai. Trang thai lai héa ctia nguyén tir carbon

trong phan tir acetylene la

2

A. sp. B. sp”. C.sp’. D. khong lai hoa.
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Céu 10. Ethanol tan v han trong nudc, trong khi ethane (C2Hg) gan nhu khong tan. Nguyén nhan chinh
la do
A. ethanol nang hon ethane.
B. ethanol tao dugc lién két hydrogen véi nude, con ethane thi khong.
C. ethane c6 lién két ba bén viing.
D. ethanol 14 chét dién li manh.
Phin II (2 diém). Trong méi y a), b), ¢), d), thi sinh chon ding hoic sai.
Céu 1. Carbon dioxide (CO.) va sulfur dioxide (SO2) déu 1a khi thai ciia qua trinh d6t nhién liéu hoa thach
nhung co6 cau tao khac nhau.
a) Phan tir CO» c6 dang duong thing vai goc lién két 180°.
b) Nguyén tir S trong SO> con cdp electron riéng nén phan tir SO2 ¢6 dang gép khuc.
¢) Ca COz va SO2 déu la phan tir khong phan cuc.
d) Nguyén ti C trong CO» ¢ trang thai lai hoa sp.

Hoc sinh ghi D (dung) hoac S (sai) vao bang sau:

Diing / Sai

Phén III (1 diém). Thi sinh chi viét két qua.

Cau 1. Nguyén t6 X thudc chu ki 3, nhém VIA cta bang tudn hoan. Xac dinh s6 hiéu nguyén tir Z cua X.

Céu 2. Cho biét s6 lién két o (sigma) va s6 lién két « (pi) trong phan tir Na.

Phan IV (2 diém). Thi sinh trinh bay diy di loi giai.

Céu 1. Ammonia (NH3) 13 nguyén lidu san xuat phan dam, duoc téng hop tir N2 va Ha theo quy trinh

Haber.

a) Viét cong thirc Lewis ciia NH3. Dya vao mé hinh VSEPR, cho biét dang hinh hoc cua phén tir va giai
thich vi sao goc lién két H-N-H (= 107°) nhé hon goc lién két trong CH4 (109,5°).
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b) Ammonia tan rat tt trong nudc va c6 nhiét do sdi (-33 °C) cao hon hin phosphine PH3 (—88 °C) du
phan tir khdi nho hon. Giai thich.
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