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Loi néi dau
Sau mot $6 nam day mon héa dai cuong, toi c6 soan phén gido khoa cua mon hoc nay. Hién
nay céc truong dai hoc ¢ Viét Nam dang chuyén sang hé tin chi, thoi lugng 18n 16p bi bét di,
thoi gian danh dé sinh vién tu hoc nhiéu hon. T6i nghi gido trinh hoa dai cuong nay gitp cdc
ban sinh vién tu hoc d& dang hon. Céc kién thuc trong phan bai soan nay khong phai cua riéng
nguoi soan ma toi chi nhiém vu thu thap cua nhiéu Thay, Co, thé h¢ di trudc, céc sich vo da
xuat ban va céc tai liéu rat phong pht trén mang. Vé phan sich tleng Vi¢t t6i tham khao chu
yéu siach Héa Dai Cuong cua Thay Chu Pham Ngoc Son, Thay Nguyen Htru Tinh, Thay
Nguyen Huy Ngoc, xuat ban di rat 1au (ma cdi bia da mat, nén c6 thé ho, chit 16t cta céc Thay
c6 thé toi nhé sai, xin qui Thy bo qua). Tdi chi tiét héa, cu thé héa, ching minh nhing van
dé c6 thé chirng minh duoc, giai thich rd hon dé cdc ban sinh vién d& doc va hiéu dugc két
qua c6 duge va cép nhat cic thong tin moi. Phan hinh anh va nhiéu kién thtrc toi tham khao
trén mang. Vi khong lién h¢ dugc truc tiép cdc tac gia, xin qui vi thir 16i. T6i nghi kién thirc
can dugc phd bién dé nguoi di sau tham khao va bd sung chinh sira, didu nay 1a ¢6 lgi ich cho
cong dong hon.
C6 gi sai sét, chwa chinh xéc, xin doc gia gép ¥ sira dbi dé gido trinh dwoc cap nhat va chinh
xac hon.
Tran trong.

Chuong 1 ) . i
CAU TAO NGUYEN TU

I. Cac cau tir chinh ctia nguyén tir

Quan niém vé vat chit da c6 tir thoi c6 Hy Lap, céch day khoang 2 500 nam. Empedocles
(492 — 400 trude cong nguyén) két hop ¥ kién cua cac triét gia truéc d6, dng cho rang moi
vat chat déu dugc tao thanh tir bén nguyén t6 1a lira, khong khi, nuéc va dat va hai luc
tuong tac 1a i lyc (luc hit) va xung Iuc (Iuc day) Aristote (Aristotle, 384-322 trudc cong
nguyén) dan dau truong phéi cho rang vat chét cé tinh lién tuc. Con Leucippe (Leucippus,
Leucippos) va Democrite (Democristus, Democristos, 1a hoc tro cua Leucippe) (sinh thoi
hai 6ng nay trong khoang 460-362 trudc cong nguyén) thi dan dau truong phai cho rang
vat chat c6 tinh chét bat lién tuc, né dugc tao boi nhiing don vi v cung nho, khong thé
chia cit dugc, goi 1 nguyén tir (atomos, tiéng Hy Lap c6 nghia 12 khong chia cit dugc).

Tuy nhién vi chua c6 thuc nghiém rd rang nén chua c6 hoc thuyét nao dugc chap nhan
han. Nam 1797, Joseph Louis Proust (1754 — 1826, nha héa hoc ngudi Phap) véi Dinh
luat Ti 1¢ Xéc dinh (The Law of Definite Proportions) hay con goi la Pinh luat Thanh
phan Khong doi (The Law of Constant Composition). Noi dung cua dinh luat nay la mot
hop chét dit duoc diéu ché bang nao thi ciing c6 ti 16 khdi lwong nguyén tir cic nguyén tb
trong chit d6 khong d6i. Nam 1808, John Dalton (1766 — 1844, Anh) dua ra Thuyét
Nguyén tir (Dalton’s Atomic Theory) v6i céc y chinh nhu sau:

- Vat chat dugc ‘tao boi cac hat, khong chia cit dugc, goi 1a nguyén tir (atom).

- M01 nguyén t6 héa hoc (chemical element) gdm loai nguyén tir dic trung cua nguyén
t6 d6. Nhu vay c6 bao nhiéu loai nguyén tu thi c6 bay nhiéu nguyén t6. Nhitng nguyén
tlr ctia ciing mot nguyén t6 thi hoan toan giéng nhau.

- Céc nguyén tir khong thay doi.
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- Khi cdc nguyén t6 két hop dé tao  hop chat héa hoc (chemical compound) thi phan nho
nhit caa hop chat 12 mot nhém gdém cdc nguyén tir ciia cdc nguyén td véi s6 nguyén tir
khong ddi. (Ma sau ndy, phan nho nhét nay duoc goi 1a phan tir, molecule).

- Trong phan rng héa hoc, cac nguyén tir khong duoc tao ra hay bi pha huy, ching chi
duoc sap xép lai ma thoi.

C6 tai liéu cho rang thuyét nguyén tir do William Higgins (1763 — 1825, nha héa hoc ngudi Ireland) dua ra
trude Dalton.

Nam 1808, Thomas Thomson (1773 — 1852, nguoi Scotland) va William Hyde Wollaston
(1766 — 1866, ngudi Anh) da dua ra Binh luat Ti 1€ boi (The Law of Multiple
Proportions). Dinh luat nay cho rang ti 16 sO nguyén tir giita hai nguyén té trong céc hop
chat khac nhau ti 1¢ véi nhau bang cic s6 nguyén don gian. Thi du gilra hai nguyén t6 N
va O ¢6 cic hop chat 12 N,O, NO, N,O;, NO,, N,Os thi ¢6 ti 1¢ s6 nguyén tu gitra hai
nguyentoNvaOlanlu:(_)’tlaZ I; 1:1; 2:3; 1:2; 2:5.

Amedeo Avogadro (1776 — 1856, nguoi Y), nim 1811, cho rang trong cung diéu kién vé
nhi¢t d0 va ap suat thi c4c thé tich khi bang nhau déu chira s6 phan tr khi bang nhau.

Cic thuc nghiém nay dya vao thuyét nguyén tir c6 thé giai thich duoc. Nhu vy quan niém
ve vat chat kha ro rang: Vat chat ¢6 tinh bat lién tuc va dugc cau tao boi su két hgp cua
nhitng don vi vd cung nho, goi 1a nguyén ti.

Cho dén giira thé ky XIX, ngudi ta van nghi rang nguyén tir 1a phan nho nhét ciu tao nén
vat chat. Tuy nhién mot sé dong hién twong dwoc kham phd nhu sy dién ly (Faraday,
1833), hiu mg quang dién, va nhit 13 sy phéng xa _(Becquerel, 1896),,... chung to
nguyén tir khong phai 12 cau tir nho nhét, ma né ¢6 co cdu phirc tap, gdm cic ciu tir khac
nho hon tao nén.

Khi phéng dién qua khi loang, Johann Wilhem Hittorf (vat 1y gia, nguoi Dtc, 1824-1914)
da phat hi¢én cic tia mang nang lugng phat ra tr cuc am. William Crookes (1832-1919,
nha vét ly va hoéa hoc, nguoi Anh) va Eugene Goldstein (1850- 1930, nha vat 1y, nguoi
buc) xdc dinh d6 1a nhitng dong hat mang dién tich am va Goldstein da dat tén dong hat
nay la tia am cuc (Cathode rays, 1886). Nam 1891, George Johnstone Stoney (1826-1911,
nha vat ly nguoi Ai Nhi Lan, Ireland) dit tén cho don vi dién tich Am nay la electron (dién
tir). Nam 1897, Joseph John Thomson (1856-1940, nha vat 1y ngudi Anh) da do duoc ti )
gitrta khdi lugng va dién tich cta hat tao thanh tia &m cyuc va dé 1a electron ma Stoney da
dat tén truoc d6. Nam 1910, Robert Andrews Millikan (1868-1953, nha vat ly, nguoi My)
da lam thi nghiém giot dau va da xdc dinh duoc dién tich ciing nhu khéi lugng cta dién
ta. Nhu vay coi nhu dén nam 1910, ngudi ta di xdc dinh trong nguyén tir ¢6 chira dién tur
va da biét duoc khdi luong ciing nhu dién tich cua ciu tir ndy.

Tu 1906 dén 1911, Ernest Rutherford (nguoi Anh géc New Zealand, 1871 - 1937) da thuc
hién cac thi nghi€ém va phét hién ra nhan nguyén tir. Nam 1919, cting Rutherford, da tach
dugc proton (nhin ciia nguyén tir ddng vi hidrogen H). Pén nim 1932, Chadwick (ngudi
Anh) da kham pha ra hat neutron (trung hoa tir).

Hién nay, ngudi ta biét rang nguyén tir gdm c6 cdc dién tir (electron) c¢6 khéi lugng khong
dang ké so véi khoi lugng cua ca nguyén ti. Pién tor mang dién tich am di chuyén quanh
mot nhan. Nhan nguyén tir c6 khoi lugng hau nhu bang khoéi lugng ciia nguyén tur. Nhan
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c6 kich thudc rat nhé so véi kich thude cia ca nguyén tir. Puong kinh nguyén tor khoang

10" m (1 A) cdn duong kinh cia nhan nguyén tir khoang 10"* m (10™ A) Buong kinh
nhan nguyén tir nho hon dudng kinh nguyén tir khoang 10 000 1an. Trong nhan c6 hai ciu
tr chinh Ia proton va neutron.

Proton ¢6 khéi luong 16n hon dién tir khoang 1836 lan, proton mang dién tich duong, c6
tri s6 tuyét ddi bang dién tich cua dién tir. Neutron (trung hoa tir) c6 kh01 luong xap xi so
v6i proton (hoi 16n hon so véi proton). Neutron ¢6 khéi Iwong nhidu gap 1839 khdi lugng
dién tir. Neutron khong mang dién tich. Ngoai ra trong nhin nguyén tir con c¢é rat nhiéu
céc cau tir khdc, nhu neutrino, positron, pion, muon, gluon, lepton... nhung céac chu tir nay
khong bén.

Sau day la khoi Iugng va dién tich ctia cdc cau tir chinh bén ctia nguyén t:

Céu tir chinh Khdi lugng Dién tich
gam dvC (u, amu) Coulomb dvtdCGS
Electron (Dién tir, ) 9,109390.107% 5,485799.10™ -1,6021773.10" | -4,8.10™
Proton (p) 1,672623.10% | 1,007276 +1,6021773.10"° | +4,8.10™"
Neutron (Trung hoa tir, n) | 1,674954.107 1,00866490 0 0

dvC: don vi carbon (don vi khoi luong nguyén tir)

u (universal atomic mass unit): don vi khdi luong nguyén tir chung (quc té)

amu (atomic mass unit): don vi khdi luong nguyén tir

dvtdCGS: don vi tinh dién CGS (chiéu dai: cm; khdi luong: gam; thoi gian: gidy, second)

1dvC=1u=1amu= 1don vikhdiluong nguyén tir = é khéi luong ctia mot nguyén

1

te ddne vi ?C= ——— oam
EVE 6t = G o2.107 8

II. Cach biéu thi nguyén tir. Nguyén tir dong vi

IL.1. Céch biéu thi nguyén tir
Dé biét duoc cic cau tir chinh, bén, ¢6 trong mot nguyén tir, ngudi ta ding ky hiéu sau day
dé biéu thi nguyén tu:

2X

X: Ky hiéu nguyén tir cia nguyén t6 héa hoc (nhu Na, H, Fe, Cl)

Z: s6 tht ty nguyén tir (atomic number), bac s6 nguyén ti, s hiéu nguyén ti, s6 dién tich
hat nhan. C6 Z proton trong nhan nguyén tir. C6 Z dién tir & ngoai nhan (néu khong 1a
mot ion). Nguyén td X & 6 thtr Z trong bang phan loai tuan hoan.

A: S6 khéi (S6 khdi lwong, mass number), c6 A proton va neutron trong nhan nguyén ti.
C6 (A - Z) neutron trong nhan.

Do hién nay nguoi ta sap xép cdc nguyén tb hoa hoc theo thir tw tang dan cua Z, vi thé
Z duoc goi la s6 thtr ty nguyén tir hay béac sd nguyén tir. Cic nguyén tur cua cung mot
nguyén to thi ¢6 cung s6 thir tyr nguyén tir Z, can clr vao Z ta biét d6 12 nguyén tir ciia
nguyén t6 nao, nén Z con duoc goi 1a s hiéu (s6 nhan hiéu, dic hiéu). Dién tich cua
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Thi du:

mot proton la dién tich nho nhét duoc biét hién nay, nén Z con duoc goi la dién tich
hat nhan.

Do khdi lugng ctia electron & ngoai nhan va c6 khoi luong khong dang ké so v6i khoi
lugng cua proton, neutron trong nhan nguyén tir, nén khéi lrong nguyén tr coi nhu
bang khdi lugng cua nguyén tir. Do d6 nguyén tu chira cang nhiéu proton, neutron thi
khéi luong nguyén tir cang 16n. Vi thé tong sd s proton va neutron (A) dugc goi 12 s6
khdi ctia nguyén tir. Nguyén tir nao c6 sd khdi A cang 16n thi nguyén tir d6 cang ning.

Nguyén tir carbon c6 6 proton va 6 neutron trong nhan dugc biéu thi nhu sau:
6
C
12

Natri (Natrium, Na) dwoc biéu thi: “Na cho thdy Na ¢ 6 thtr 11 trong bang phan loai

tuan hoan, Na c¢6 11 proton, 11 electron, A - p =23 - 11 = 12 neutron. Nguyén tu Na
nay coi nhu c6 khoi luong nguyén to bang 23 dvC (hay 23 u).

Véi biéu thi: 2CI cho biét nguyén t6 clor & 6 thir 17 trong bang phan loai tuin hoan,
nguyén tir clor ¢6 17 proton trong nhan, ¢6 17 dién tr ngoai nhan. Nguyén tr clor nay
¢6 35 - 17 = 18 neutron trong nhan. Nguyén tir nay coi nhu c6 khoi lugng nguyeén tir la
35 don vi carbon (35 don vi khéi lugng nguyén tir, 35 u)

S6 dién tir chi bang s6 proton (Z) khi 1a nguyén tir. Con v6i mot ion duong (cation) thi
do nguyén tu da mat dién tir nén sd dién tir cia ion duong bang sb proton trir bot sb
dién tur da mét dé tao ion duong. Vi ion &m (anion) do nguyén tir da nhén thém dién
tr nén sb dién tir cia ion &m bang s6 proton cong thém sb dién tir dé tao ion a&m. Mot
dién tir mét s& tao mot ion duong mang mét dién tich duong, 2 dién tu mét tao ion
duong mang 2 dién tich duong,...; Mot dién tir nhan vao s€ tao ion am mang mat dién
tich am, 2 dién t nhan vao s€ tao ion &m mang 2 di¢n tich am,...

Do khéi luong cia dién tir rat nho so v6i khdi lugng cta proton va neutron nén c6 thé
coi khéi luong cia ion clng bang khdi lugng ctia cdc nguyén tir tao nén ion (kh01
luong cua cic dién tir mat di hodc nhan vao, dé tao ion, khong dang ké so voi khdi
lwong nguyén tir, nén c6 thé bo qua).

Thidu: ’Na: 11 proton; 11 electron; 23 dvC (23 u)
“Na*: 11 proton; 10 electron; 23 dvC (23 u)
PCl: 17 proton; 17 electron; 35 dvC
2Cl :17 proton; 18 electron; 35 dvC
2°Fe: 26 proton; 26 electron; 56 dvC
2 Fe’* : 26 proton; 23 electron; 56 dvC
120 : 8 proton; 8 electron; 16 dvC
0% : 8 proton; 10 electron; 16 dvC

I1.2. Nguyén tir dong vi (Isotope)
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Nguyén tur ddng vi 1a hién tuong cdc nguyén tir cia cung nguyén tb hoa hoc nhung c6
khéi luong khdc nhau. N6i cach khdc cac nguyén tu dong vi ¢6 ciing sd thir ty nguyén tu
Z nhung khdc s6 khéi A. N6i cdch khéc, céc nguyén tir dong vi ¢6 ciing sb proton nhung

khéc s0 neutron trong nhan.

Dong vi 1a cling vi tri. Do céc nguyén tu ddng vi ¢6 ciing so thir ty nguyén tir Z nén ciing dugc sap ciing mot
6 trong bang phén loai tuan hoan. Nom na, cic nguyén tir dong vi 1a cac nguyén tir ciia cing mot nguyén td
nhung nang nhe khic nhau.

Thidu: |H °H  hay D H  hay T
Hidrogen Deuterium Tritium
Z=1 Z=1 Z=1
A=1 A=2 A=3
1 proton, 0 neutron, 1 u 1 proton, 2 neutron, 2u 1 proton, 2 neutron 3 u

Trén ddy 1a ba nguyén tir ddng vi clia nguyén t6 hidrogen

>l Jcl
Z=17 Z=117
A =35 A =37
17 proton, 18 neutron, 35 u . 17 proton, 20 neutron, 37 u

Trén day la hai nguyén tir dong vi ciia nguyén to clor

12 13 14
6 C 6 C 6 C
Z=6,A=12 Z=6,A=13 Z=6,A=14
6 proton, 6 neutron, 12 u 6 proton, 7 neutron, 13 u 6 proton, 8 neutron, 14 u

Trén déy 1 ba nguyén tir ddng vi ctia nguyén té carbon

Hién nay duoc biét ¢6 117 nguyén t6 héa hoc, ¢6 Z = 1 dén Z = 118 (nguyén t6 ¢6 Z = 117
chua c6 thong tin phat hién). Cc nguyén té c¢6 Z < 92 hién (dién trong tu nhién (trén trai dat)
va c6 khoang 300 nguyén tir ddng vi t nhién. Céc nguyén té c6 Z > 93 12 nguyén t6 nhan tao,
phéng xa khong bén, thudng duoc tao ra do cdc phan tng hat nhan do con ngudi thuc hién.
Nhu vay trung binh mét nguyén t6 héa hoc c6 khoang 3 nguyén ti dong vi. Hién nguoi ta
diéu ché duoc nhiéu nguyén tir ddng vi nhén tao (khoang trén 1 000 ddng vi).

C6 nhitng nguyén tir ddng vi bén, khong bi hiy bién theo thoi gian, d6 1a nhitng dong vi
khong phéng xa, nhu |H, T H, 50, {0, ';C, ’C.

C6 nhitng nguyén tir ddng vi khong bén, bi huy bién theo thoi gian (mit dan theo thoi gian dé
ra nguyén tir dong vi khac), d6 1a nhimg nguyén tir dong vi phéng xa, nhu SH, "t C, N,
BU T

M&i dong vi phéng xa cé6 mot dai luong dic trung, d6 1a chu ky bdn ra 11, (bdn hiy, ban sinh,
half life). Py 1a thoi gian dé mot ntra luong nguyén tir ddng vi nay phén ra (thanh cdc nguyén
tr cia nguyén t6 khac) va mot nira con lai so véi luong ban dau. Thoi gian bén ra nay khong
thay d01 d6i voi cling mot loai nguyén tir ddng vi phéng xa cia nguyén t6 d6. Chu ky ban ra
clia moi dong vi phéng xa khic nhau, ¢6 khi chi trong thoi gian rat ngan, khong dén 1 gidy, c6
khi dai d¢én hang ngan nam.

Thidu: *2Po —— BPb + 3iHe  1,,=03.10°gidy
(hat a)
L5 FXe + e 11 = 86 gidy
(hat B, dién tir)
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37 0 37 PN
sAr + e —— ;Cl T12 = 35 ngay
"C —— UN + e Ti/2 = 5580 nim
MU — WTh + 3iHe  1,,=49.10"nim

Céc nguyén tir dong vi phéng xa ciing nhu khéng phéng xa c6 rat nhiéu tng dung trong cong
nghi€p, nong nghi¢p, y hoc, cling nhu trong nghién ctru khoa hoc co ban. Cic nha héa hoc
thudng sir dung céc nguyén tir dong vi khong phéng xa nhu *C, '®0, N dé ddnh diu nhitng
phan tir héa chat, nham muc dich tim hiéu co ché phan mg héa hoc hay theo dai sy bién d6i
sinh héa cua héa chit trong co thé dong, thuc vat.

Thi du: Dé biét phan tng ester héa giita acid hitu co RCOOH véi rugu R’OH tao ra ester
RCOOR’ va H,0 1a do su cét dat lién két O-H cua acid hitu co hoac C O cua phan tu acid
hitu co, thi ngum ta ding ruou chira O duge dénh ddu '*0 (O") (R’0'H) va sau phan ing,
nhan thay 0" c6 trong phan tir ester. Diéu nay ching to trong phan tng ester hoa nay c6 su cit
dat lien két C-O cua acid hiru co, con phan tur rugu thi cé sy cat dut lien két O-H.

(* R4
R—ﬁ‘—O—H + R—-0“H —> R—lcl’—O*—R’ + H,0
(0] 0]
- Ester Nudc
Acid hitu co Rugu

Nhing dong vi phong xa thuong duoc dung dé tri binh, ciing nhu dé theo doi mot s6 binh tat
trong co thé, dé thay ddi gen (gene), tao gidng méi, hay dugc ding dé dinh tudi cb vat...

1

Thi du: Dung nguyén tu dong vi phéng xa ‘51 dé do kha nang thu nhan iod cua tuyén gidp

trang. Pong vi phéng xa % Co dugc dung dé diéu tri tidu diét cdc u dc tinh (xa trj trong tri

binh ung thu). Cin cir vio lugng nguyén tir ddng vi 't C con lai trong cb vat dé xic dinh tudi
) vat...
Cha y:
- Vikhéi luong cua dién tir rit nho so voi khdi lugng cta proton, neutron va khi luong
1 proton ~ khéi Iwong 1 neutron = 1 u, nén mdt céch gan ding c6 thé coi sé khdi A
ciia mot nguyén tir ddng vi nhu 12 khdi luong nguyén tir ctia nguyén tir dong vi do.
That ra s6 khdi A 1a tong s sd proton va neutron ¢6 trong nhan, lu6n lu6n la mot s6
nguyén con khéi lwong nguyén tir thuong 1a mot s6 thap phén.
- Khdi lugng nguyén tir cua mot nguyén t6 héa hoc, dugc dung dé tinh todn trong hoa
hoc 12 khéi luong nguyén tir trung binh ctia nguyén tir dong vi nguyén t6 d6 hién dién
trong ty nhién vdi ti 1¢ x4c dinh.

Thi du:
Nguyén t6 clor (chlorine, Cl) ¢6 hai dong vi bén trong tu nhién la >Cl (chiém 75% s6
nguyén tir) va 3, Cl (chiém 25% sb nguyén tir). Do d6 khéi lwgng nguyén tir cua clor 1a khéi

luong nguyén tu trung binh cta hai nguyén tir ddng vi clor nay trong tu nhién:

Mci = Mczic ddng vi ciia C1 = 35(75)1—(;(;37(25) =355u

(Mot cdch gan ding, coi khéi lwong nguyén tir dong vi bang s6 khdi A cuia nd)




Héa dai cuong-1 7 Bién soan: V& Hong Thai

Con néu theo s6 liéu chinh xdc hon thi: 3 CI chiém 75,76% (5 CI ¢6 khdi lugng nguyén tir 34,96885 u); 1, Cl
chiém 24,24% (3] Cl ¢6 khéi lugng nguyén tir 1a 36,96590 u)
34,96885(75,76) +36,96590(24,24)

Mc = =35,45293u~=35453u
100

Silic (Silicium, Silicon, Si) hién dién ba déng vi bén trong tw nhién la: 2 Si chiém
92,23% s6 nguyén tir (khdi lugng nguyén tir cia dong vi nay 1a 27,97693 u); 2 Si chiém
4,67% sb nguyén tir (khdi lugng nguyén tir ciia dong vi nay 1a 28,97649 u) va 2 Si chiém
3,10% s6 nguyén tir (khoi lugng nguyén tir ciia dong vi nay 1a 29,97376 u)

27,97693(92,23) 4+ 28,97649(4,67) + 29,97376(3,10)

~ 28,0855 u
100

Msi = M Cic déng vicua si =

II1. Miu nguyén tir (Atomic model)

Sau khi d4 biét nguyén tir gdm c6 cic ciu tir bén 12 proton, neutron nam trong nhan va dién tur
di chuyén & bén ngoai nhén, nguoi ta tim cach dua ra mot kiéu mau nguyén tir mo ta cach sap
dit dién tir ngoai nhan nhu thé nao dé phii hop véi dic tinh nhan thay duoc cua vat chét.

Thuc nghiém cho thdy cic nguyén tir ddng vi c¢6 tinh chit héa hoc giéng nhau. Didu nay
chting t6 tinh chat héa hoc cta nguyén tir chi lién hé dén s dién tir ngoai nhin, ma hinh nhu
khong lién hé dén nhan nguyén tir. S6 dién tr ngoai nhan bang nhau thi s& ¢6 tinh chét héa
hoc giéng nhau, khong lién hé dén nhan nguyén tir ning hay nhe.

Thuc nghiém ciing cho thdy c6 cdc nguyén tir ctia cic nguyén té ¢ sb dién tir ngoai nhan rat
khac nhau, nhung lai ¢6 tinh chit héa hoc co ban giéng nhau. Thi dy, cdc nguyén tir Li (3 dién
tr), Na (co 11 dién tr), K (c6 19 dién tir), Rb (c6 37 dién tir), Cs (c6 55 dién tir) c6 tinh chat
héa hoc glong nhau, nhu ching déu tic dung dwoc d& dang véi nude va hoa tan trong nude
tao khi H,, déu thu duoc dung dich c6 tinh baz (base); Cac don chét nay déu tic dung manh
liét voi Cl, dé tao mudi clorur (clorua, chloride).... Hodc F (c6 9 dién twr), Cl (c6 17 dién twr),
Br (c6 35 dién tir), I (c6 53 dién tir) c6 tinh chét héa hoc giéng nhau, ching déu c6 tl’nh oxid
héa manh, déu tic dung véi kim loai dé tao mudi,... Didu nay chimg to khong phai tat ca dién
tor & ngoai nhan déu tham gia phan tmg héa hoc ma hinh nhu chi c6 mot s6 dién tir nao d6 ma
thoi. S6 dién tir ndy bang nhau thi s& ¢4 tinh chit héa hoc glong nhau (nhu ching ta da biét,
d6 chinh 1a cdc dién tir héa tri ¢ 16p dién tir ngoai ciing). Kiéu mau nguyén tir phit hop phai
thé hién duoc diéu nay.

II1. 1. MAu nguyén tir Thomson (1903)

Piy 12 miu nguyén tir ddu tién. Sau khi Thomson xdc nhan chiim tia 4m cuc gdém cdc electron
mang di¢n tich am vé xdc dinh duoc ti 1€ dién tich trén khdi Iugong cua dién tr (vao ndm 1897)
thi Thomson cho rang nguyén tir trung hoa dién tich ma trong d6 c6 dién tir mang dién tich
4m nén cling phai c6 phan mang dién tich duong dé trung hoa vira di dién tich 4m cua dién
ta. Thomson cho rang nguyén tir 1a mot khéi cau trong d6 dién tir mang dién tich am rai rac
trong khéi cau nay va phan con lai ciia khdi cau 14 phan mang dién tich duwong, hai dién tich
am duong nay trung hoa vua du nhau. Thomson hinh tugng nguyén tor nhu mdt cdi banh
pudding, trong d6 dién tir la cdc hat nho khd rai rdc ¢ trong banh, rudt banh mang dién tich
duong. Do dé mau nguyén tor cua Thomson con dugc goi 1a mau “banh mi nho kho” (the
raisin bread model) hay ° ‘mau banh pudding” (a plum pudding model). Hodac c6 thé hinh
tugng, coi miu nguyén tr cia Thomsom nhu mdt trdi dua hdu ma hat dua 1a dién tir mang
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dién tich 4m, con phan rudt dua mang dién tich dwong. Nhu vdy miu nguyén tr cia
Thomsom 1a mdt khoéi cau dac rud¢t. Mo hinh nguyén tir dac rudt nay cua Thomson bi bac bo
boi thi nghiém cua Rutherford vai nam sau do.

Thomson's atomic model

©.e
+@ +
= e e
@ +e
e +©
+@ @

.
-

Y

~107"m
Hinh mau nguyén tir theo Thomson
(Ngudn: http://www2 kutl.kyushu-
u.ac.jp/seminar/MicroWorldl E/Part2 E/P24 E/Thomson model E.htm)

II1.2. Miu nguyén tir theo Rutherford (1911)
II1.2.1. Thi nghiém Rutherford va miu nguyén tir theo Rutherford

Ernest Rutherford (1871 — 1937) cho ban mot $6 hat alpha (o) c6 mang dién tich du’O’ng (do 1a
nhitng nhan He™) vao 14 kim loai vang rdt mong (c6 bé day khoang 6.10"m = 6.10"mm =
6000A). Vi nguyén tr vang c6 duong kinh d = 3A =3.10° Om, cho nén 1a vang trén tuy mong
nhung ciing chira dyng khoang 2 000 16p nguyén tur vang. Vay néu nguyén tir 12 mot khdi dic
lién tuc thi nhitng hat a dit v6i van tdc khd 16n (khoang 16 000 km/gidy) ciing khong thé nao
xuyén qua dugc 2 000 16p nguyén tir vang nay.

Thi nghiém cua Rutherford cho }héy hau hét nhimng hat a déu xuyén thang qua 14 vang nhu
cho trong khong va chi ¢ mdt s rat it bi 1éch hudng hodc ddi nguoc tro lai (ti 1€ nay khoang
1/8 000)

Thi nghiém nay xdc nhan hai diém:

- Trong nguyén tir c6 rat nhiéu khoang tréng, do d6 khéi lwong nguyén tir phai dugc tu
héi lai, tao thanh mot khéi rat ning trong mot kich thude rit nho so véi kich thude cua
ca nguyeén tur. Néu nguyén tir 12 mot hinh cau duong kinh 10 m thi hat nhan nguyén tu
chi bang mot miii kim. Ban kinh nguyén tir gap 10 000 ban kinh cua nhan nguyén tu.
Néu x&p hat nhan cdc nguyén tir lai véi nhau, hat ng sat hat kia thi 1 cm’ hat nhan cé
khdi lugng 114 tri¢u tan.

- Vi hat o mang dién tich duong nén khi hat nay bi 1éch huéng hodc bi doi ngugc trd lai
c6 nghia nhitng hat d6 tién gan dén nhirng khoi cling mang dién tich duong kh4 16n, vi
thé hat o méi bi déy ra theo dinh luat Coulomb (cling dAu thi déy nhau, khéc diu thi
hiit nhau).

Dua vao nhitng nhan xét 4y, Rutherford cho rang nguyén tir gdm mot nhin mang dién tich
dwong rit nang, c6 kich thudc rat nho (so véi khdi lwgng va kich thude cua ca nguyén tir) va
nhitng dién tr mang dién tich 4m di chuyén trén nhitng qui dao trdon quanh nhén lam thanh
mat ngoai cua nguyén tir. Pién tich duong cua nhan va dién tich am cua dién tir trung hoa
nhau. Gitra nhin va céc dién tir 1a khoang trong rat 1on.
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‘ Hinh mau nguyén tir theo Rutherford
(Nguon:http://www?2.kutl.kyushu-
uv.ac.jp/seminar/MicroWorld1l E/Part2 E/P25 E/Rutherford model E.htm)

II1.2.2. Ning lwong ciia dién tir ciia nguyén tir hidrogen va céc ion giéng hidrogen (ion
hidrogenoid, hydrogen-like ion) theo Rutherford

Nguyén tir hidrogen va ion hidrogenoid (ion glong hidrogen) glong nhau & cho chi c6 mot

dién tr duy nhét ngoai nhan. Pién tr nay c6 khdi luong m, di chuyen v6i van tc v va & cich

nhan mang dién tich duong +Ze (Z = 1 cho H; Z = 2 cho He™; Z = 3 cho L12+, Z =4 cho

Be'*:.. .) mot khoang r (ban kinh qui dao tron r).

Ning lugng toan phan (co ning) cua dién tir bang dong ning Ec cong thé ning E, cua dién tur.
E=Ec + E,
P < S |
Ma dong nang cua dién t: Ec = 5 mv

Khi dién tir chay trén qui dao tron c6 béan kinh r thi ¢6 sy cin bang giita luc ly tam i va luc
huong tam fy, (thi dién tr méi khong bi vang ra xa nhan, cling nhu khong bi hiit vao nhan)

Luc ly tam f}; ctia dién tr cé khoi lwong m chuyén dong tron déu van tdc v trén qui dao tron
ban kinh r, gia toc a
2

v
fi=ma=m—
r

Lyc huong tam fy do dién tur ¢6 dién tich —e bi nhan mang di¢n tich +Ze hit ¢ khoang cach r
(r: ban kinh qui dao tron) theo dinh luat Coulomb:

2
q. q _Zee Ze
fht K - 2 = 2
r r
(B6 qua déu. Hang s6 K = 1 trong hé don vi CGS)
fie = fhe
Vi Ze®
=> _—= —
r r

2
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2 2
Pongning Ec = - mv’ = +2¢  =»  |Be= L% (L1)
2 2 r 2 r

Trong d6 dong Ec tinh béng erg; bién tich m§t diéntire = 4,8.10"° don vi tinh diér} CGS (e
cling 1a dién tich mot proton, néu khong xét dau); Ban kinh qui dao tron r duoc tinh bang cm.

Con thé ning E,, cua dién tir 6 cach nhan mot khoang r, theo dinh nghia, 1a cong ma dién tir ¢6
duogc do luc hut ctia nhan ddi véi dién tir khi dién tir di chuyén tir mot noi rat xa (o) vé dén
cach nhan mot khoang r.

Véi luc hat f = fi,, = Zi
l”

Cong tmg véi su di chuyén clia dién tir vé nhan mot khodng rat nho dr la: dW = fdr
r r 2 r 2
=>E,=W = jfdr =J.Z—idr = Zez{—l} =Ze2[—l—(—lﬂ __Ze
oo oo r r . r %) r

7 2
=> E,=—2% 1.2) (E,: erg; e =4,8.107"% dvtd CGS; r: cm)
P P
r

Nhu vay thé ndng c6 tri sO am. Nghia la thé nang 16n nhat bang 0 khi dién tir & xa v0 cuc va
khi dién tor v€ gan nhan hon thi thé nang cua dién tor gidm nén thé nang cua di¢n tir co tri sO
am.

Ning lugng toan phan (co ning) E cua dién tir a:
E=Ec + E,
1 Ze*  Ze’ 1 Ze*

=> E:— — = ——
2 r r 2 r
2
E= 128 (L3)
2 r

Z=1H):Z=2 (He"); Z=3 (Li*); Z=4 (Be>)

Nhu vay nang lugng cua dién tir ¢6 tri s6 am, ndng lugng cua dién tir 16n nhat ctua dién tu
bang 0 khi di¢n tir cich xa nhan v6 cuc, con khi dién tir vé gan nhan hon thi nang luong cua
dién tr gidm nén nang lugng cua dién tur c6 tri sO am.

Theo cong thirc (1.3), r giam thi | E |16n => E giam
rtang thi | E| nhé => E tang

M3u nguyén tir cia Rutherford khong thich hop (bi chéng ddi) vi nhitng nhan xét sau:

- Theo dién dong luc hoc ¢ dién, thi khi mot hat tir mang dién tich &m di chuyén quanh
mot hat tir mang dién tich dwong ¢ dinh thi s& ¢6 sy phéng thich ning luong dudi
dang blrc xa tir hat tir dang di chuyén. Nhu vy, theo trén, dién tir s& mét dan ning
luong dudi dang biic xa. Nghia 1a khodng céch r s€ gidm vi nang lugng cua dién tr
giam. Do d6 sau mot thoi gian ngan, dién tir s& roi vao nhan ciia né va nhu thé nguyén
ttr s& khong ton tai nhu mo hinh da dua ra.
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- Vanéu nang lugng cua dién tir gidm mat cach lién tuc khi dién tr di theo dudng xoan
Oc veé gan nhan s€ dua dén hau qua Ia nhitng birc xa phéng thich ra s€ c¢6 budc séng (A,

d6 dai séng) hay tan s (v = %) thay d6i mot cdch lién tuc. Thyc nghiém cho thdy phd

phat xa ctia nguyén tir hidrogen 12 ph bat lién tuc gdm mot s vach cich quang ma s
song (v ) dugc cho bodi cong thirc thyc nghi€ém Rydberg:

- 1 1 1

<

: 80 séng, sO budc séng trong mot don vi chiéu dai, s6 A trong lcm
- 1 1 1 v =
V=—-"=--=—=—=>V=C_CV
A T ¢ ¢

|4
Ry =109 677,58 cm’': hiang s6 Rydberg
n, n’: cic sO nguyén, n <n’

Limit - Ly-v Ly-B Lyman- o
911.267 & 972024 102518 A 121567 &
|

-y » L

T T T T T T T T T T T
900 950 1000 1050 1100 1150 1200 1250

Wavelength - [A]

Hinh chudi ddy Lyman ctia quang ph hidrogen
(Nguon: http://content.answers.com/main/content/wp/en/a/a8/LymanSeries1.gif)

4101.74 4340 47
4861.33 562852
H H H
4000 & v B o !
& 3
£
I. " E l.'
Hm HEI H"I" Hﬁu HD‘.

Hinh phuSi day Balmer (viing kha kién) ctia quang phd hidrogen
(Nguon: http://dbhs.wvusd.k12.ca.us/webdocs/Electrons/Hydrogen-Spectrum.html )




Héa dai cuong-1 12 Bién soan: V& Hong Thai

II1.3. Mau nguyén tir Bohr (1911)
Bohr Van giltt nguyén mau nguyén tir nhu Rutherford, nhung dng dwa ra hai dinh dé, tic l1a
yéu cau chip nhan, khéng chiing minh.

Pinh dé 1: Bohr cho rang dién tir di chuyén trén cdc qui dao tron 6n dinh (bén, dic biét, cho
phép, stable orbits, special orbits, allowed orbits) ma trén cac qui dao nay dién tur
khong bi mat nang luong do phét birc xa. Ban kinh qui dao tron 6n dinh nay nhu
thé nao dé momen dong p (p = mvr) cta dién tir 12 boi s6 nguyén cta h/2m, véi h 1a
hang s Planck.

=mvr=n h
P= Y

(p: momen dong; m: khéi luong cua dién tur; v: van toc cua dién tu; r: ban kinh qui dao tron

6n dinh; n: sb nguyén = 1, 2, 3,...s6 thir ty qui dao on dinh; h: hang s Planck; m: s6 pi =

3,1416)

Dinh dé 1 ciia Bohr dé giai thich sy bén ctia mé hinh nguyén tir ndy. Nghia 1a khi dién tir di

chuyén trén cdc qui dao 6n dinh (bén hay cho phép) nay thi dién tir khong bi mat ning luong,

nén dién tir khong bi roi vao nhén, nhu sy chong ddi lic bay gid ddi véi mau nguyén tir cua

Rutherford. Va tir dinh dé nay cé thé xdc dinh duoc béan kinh r céc qui dao tron on dinh, trén

d6 dién tir di chuyén.

Pinh dé 2: Dya vao thuyét lugng tir cia Planck, Borh cho rang khi dién tir nhay tir qui dao 6n
dinh xa nhan n’ (c6 mic nang luong cao) vé qui dao on dinh gﬁn nhan n (c6 mirc
nang lugng thip hon) thi ¢6 sy phéng thich ning luong dudi dang phat biic xa; con
nguoc lai néu dién tir nhay tir qui dao gan nhan (mirc nang luong thip) 1én qui dao
xa nhan hon (mutc nang lugng cao) thi dién tir can hap thu nang luong dudi dang
can chiéu birc xa. Btic xa phét ra hay can thu vao ¢6 tan sb v (c6 budc séng A = cT

= —,hay s6 séng y= l: L = —)du:qc cho bdi:
1% A T ¢
—hv=h<=hev
A

Tan s6 v 12 s6 séng trong mdt don vi thoi gian, néu don vi thoi gian 12 gidy, thi tin s6 1a sb chu ky hay 6 séng
trong thoi gian 1 gidy (hertz); Chu ky T la thoi gian dé thuc hién mot séng (sd gidy dé tao 1 séng, thoi gian dé
séng di chuyén mot doan duong 1a mot do dai séng hay budc séng A); Do dai séng (bude séng) 1a chidu dai cia

mot séng; S6 séng V 1a s6 bude séng A ¢6 trong mot don vi chiéu dai, néu don vi chiéu dai 1a cm thi s séng 1a
s0 budc séng A trong 1 cm.

Nhu vay dinh dé 2 ctia Borh giai thich duoc quang phd phét xa bat lién tuc ctia hidrogen dugc
bict thoi bay gio. Vi céc qui dao 6n dinh n, n’ ¢ muc nang luong khong lién tuc va AE khong
lién tuc nén buc xa phat ra c6 tan so v hay budc séng A khong lién tuc.

Va déc biét tir hai dinh dé nay, Bohr chimg minh dugc cong thirc thyc nghiém cua Rydberg
dua ra trude d6 de tinh todn budc séng A cua quang pho phat xa nguyén tir hidrogen.

Cic tinh todn nay dua vao két qua mau nguyén tor Rutherford, hai dinh dé ctua Bohr cua
nguyén tu hidrogen va cdc ion hidrogenoid, nghia la chi ¢6 1 di€n tir duy nhat ngoai nhan.

2 2
mv2 — lz_e => V2 :ZL (*)
2 r mr

bong nang Ec =

N | =
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212
Theo dinh dé 1 cta Bohr: p=mvr= ni =>v= nh =y’ = % (**)
27 27mmr 47°m’r
n’*h? Ze® n’h? n’ h?
So sanh (*), (**) => = =r=——= "+
(5. %) Ax*m*r* mr Ze*4n’m Z \ 4n*me’
bat:
2 27 2 0
ap= = (6,626076.10 “erg-s) __ - ~0,529.10 cm=0,529 A
A"me”  4(3,1415923)7(9,10939.10  g)(4,8.10 " dvCGS)
n n’ 0
r=—(a,) => | r=—(0,529A
7 (a,) 7 ( )

Vé6i H (Z = 1), khi dién tir & qui dao gin nhan nhit (n = 1), c6 mirc ning luong thap nhat
(trang théi co ban) thi:
2

0 2
T = 1T(ao) = a,=0529A . Vay ap = 0,529A la ban kinh qui dao 6n dinh ctia nguyén ti

hidrogen khi n6 ¢ trang théi co ban (qui dao gan nhan nhit, c6 muc ning luong thap nhat)
Nang lugng E cua nguyén to H va ion giong H (ion hidrogenoid, hydrogen-like ions, chi c6 1
dién tu):

E= _l Z_ez__l Ze* _2227[217164 __Z_2(27[2m64)
2y 2, R n’h’ n
7 4An’me®
2 4 2 —28 —-10\4
Pit: K = 27T me _ 2(3,1416)7(9,109.107°)(4,8.107) - 2,178.10‘“erg

n’ (6,626.107")°

K =2,178.10"" erg = 2,178.10""® Joule = 13,6 eV = 313,64 kcal/mol

Duing sy lién hé dudi day dé dbi don vi trén:

leV= 1,6.10'12 erg = 1,6.10'19 Joule: 1 Joule =10’ erg; 1cal=4,184Joule; 1 kcal = 10° cal
1 mol nguyén tir (phén tir, ion) = 6,022.10* nguyén tir (phén tir, ion)

1A=10ecm=10"m

2 2 2 2

E=-2(13.6V) = £ (313.64keal I mol) = —~- (2178.10 " erg) = — 2 (2.178.10™ Joule)
n n n n

Cha y la trong cong thirc trén, trudng hop 313,64 keal/mol hiéu 12 tng véi 1 mol nguyén tir H
hay 1 mol ion giéng H, con cac truong hop khdc hiéu 12 Gtmg v6i 1 nguyén tir H hay 1 ion
giong H (chir khong phai cua 1 mol)
Vi nguyén tir H khi dién tir ctia né & trang thdi co ban, ¢ ning lugng thip nhét, dién tir & qui
dao gﬁn nhén nhét (n = 1), thi:

2 2

E= —Z—2(13,6eV) = —1—2(13,6eV) =—13,6eV =-313,64kcal / mol
n 1
Nhu vay 13,6 eV hay 313,64 kcal/mol l1a nang lugng ctia H khi né ¢ trang thai co ban.

Khi dién tur di chuyén tir qui dao n’ xa nhén (c6 ning luong cao) vé qui dao n gan nhan hon
(c6 nang lugng thap hon) thi nang lugng phéng thich la:
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Z? 27m*me! Z? 21*me! Z22n°me* 1 1
AE:E“"EHZ‘WT)‘(‘_( T
Ma: AE = hv =h > =hev => hev —Zzhﬂ(i-i > B_Zzhﬂ(__i
n n n
9 7227 me
bat: RH:h—3C

V6i nguyén tr H: thé Z = 1; @ = 3,14159; m = 9,109.10%" gam (khdi lugng dién ti); e =
4.8.10™"" dvtdCGS (dién tich ciia electron); h = 6,626.10%" erg.s (hing s6 Planck); ¢ = 3.10"
cm/s (van toc buc xa trong chan khong) vao bicu thirc tinh Ry trén, ta duoc:

Z227°me*  17.2.(3,14159)%.9,109.10".(4,8.107")*

h'c (6,626.107)*3.10"

s6 Rydberg trong cong thie thyc nghiém tinh budc séng A cua phd phédt xa nguyén tir
hidrogen cua Rydberg. Hang s6 ¢ day hoi khéc véi hang s6 109677,58 cm” trong cong thire
Rydberg. Néu ta thay khoi lugng m cua dién tr bang khoi lugng thu gon p cua hé, chd y dén

Ry = ~109737cm™ : Py chinh 13 hing

khéi lwong cta dién tir m 14n khdi lvong cta nhan nguyén t H m’, 1 = 1 + i , thi:
H m m
2 2 4
Ry = 227 o =109677.58¢m”™
h'c
V= % =R, (% —%) Ry = 109677,58 cm™

Nhu vay, tur hai dinh de cua Bohr, ta chimg minh dugc cong thirc thuc nghiém Rydberg.

Ly thuyét ctia Bohr rét phit hop véi két qua thuc nghiém vé quang phé.

Nhitng vach trong diy Lyman cta quang phd hidrogen duogc sinh ra khi dién tir nhay tir cdc
qui dao n > 2 vé qui dao n = 1; Diy Balmer do dién tir nhay tir qui dao n > 3 vé qui daon = 2;
Day Paschen sinh ra khi dién tir tir qui dao n > 4 vé qui dao n = 3; Ddy Brackett do dién tir tir
qui dao n > 4 vé qui dao n = 3; Day Pfund c¢6 duoc 1a do dién tir tir qui dao n > 5 nhay vé qui
daon =4.

From Bohr model:
+— M2 Lyman Series Balmer Series ",
{Ultraviolet) . (Visible)

. 410.2nm
W violet

|_.

: 4341 nmi violet

, v . . Lone R n=d n=5

", Paschen Series",
% (Infrared) E

486.1 nm
bluegreen

(Nguon:http://metadatta.files.wordpress.com/2007/02/hspec.jpg) Céc chudi diy birc xa ctia H.
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I11.4. MAu nguyén tir Bohr-Sommerfeld (1916)

Khi diing quang phd ké c6 nang suat phan giai cao hon, ngudi ta thiy rang nhiéu vach quang
phd cua nguyen tr hidrogen, thi du cdc vach cua chudi Balmer, that ra la mot tap hop nhiéu
vach nho. Co cau thanh nay chi c6 thé gidi thich duogc néu ung voi mot qui dao 6n dinh th n
c¢6 nhiéu mirc ning luong hon.

Nim 1916, Sommerfeld b tic thuyét ciia Bohr, 6ng cho rang dién tir di chuyén trén nhimg
qui dao elip (ellipse) ma mot trong hai tiéu diém cua elip 12 nhan nguyén tir. Qui dao tron cua
Bohr tr¢ thanh mét truong hop déc biét cua qui dao elip khi do dai cua truc chinh (tryc 16n) va
truc phu (truc nho) bﬁng nhau.

Cic elip ctia miu nguyén tir Bohr — Sommerfeld ¢6 truc chinh dai bang dudng kinh cua qui

< . » A aa ass e . s ko U S
dao tron ¢ trang théi n. Ti s6 do dai gilra truc phu véi truc chinh 12 —. Ung véi mot tri sO cua

n
nedntrisdctakla: 1,2,3,...,n. Thidy,n=3=>k=1,2,3 => k: % % % Nhu vay ung
n

véi qui dao 6n dinh tht 3 cta Bohr, ¢6 ba qui dao theo Sommerfeld, g6m 2 qui dao elip va 1
qui dao tron.

S | =
[SSREOS)

w N

Hinh: Cic qui dao ung véi n = 3 theo Sommerfeld

Néun=4=> k = l;2;é 4 => ¢6 bon qui dao, gdm ba elip va mot hinh tron.

n 4444

Nhu vay, tuy c¢6 cling tri s n, nhung qui dao c¢6 k nho nhat (k = 1) len 16i t&i gan dwoc nhin
hon nén cé ning lugng hoi thap hon. Do d6, miu nguyén tir nay da giai thich dwoc co ciu
thanh (tinh vi) ctia cdc vach trong quang phd nguyén tir hidrogen, diéu ma mau Bohr khong
gidi thich dugc.

Tuy nhién mau nguyén tir Bohr — Sommerfeld da khong giai thich dugc mét cach dinh luong
pho phit xa cua nhitng nguyén tir phirc tap hon, ¢6 nhiéu dién tir quanh nhén, cing nhu khong
gidi thich dugc mdét cach thdéa man sy tao lién két héa hoc. Vi vay, mau nguyén tir duoc chap
nhén hién tai va dugc dung lam can ban dé gidi thich dic tinh cua hoa chat 12 mau nguyeén tur
theo co hoc luong tur.

IIL.5. MAu nguyén tir theo thuyét co hoc lwong tir (co hoc nguyén lugng, co hoc ba dong,
co hoc s6ng, quantum mechanics)
IIL5.1. Ban chat séng va hat ciia cac hat vi mo (1924)

Photon (Quang tir) ¢6 ban chit séng, nghia 13 c¢6 tan sb dao dong v (nuy) va van téc chuyén
dong c. Photon lai c6 ban chat hat, nghia la coi nhu né c6 khéi lvong m khi chuyen dong voi
van tdc c.
Theo hé thirc tuong quan giira khdi lrong va ning lugng cua Einstein:

E=mc
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va theo thuyét lugng tir ctia Planck:

E=hv=h<

A

=> hv = m¢?
:>h£:mc2 => ﬁ:mc = | ﬁ:i
A A mc

A : budc song (do dai s6ng) cua photon (quang tir, hat 4nh sang)
h : hdang s6 Planck
m : coi nhu khoi lugng ctuia photon khi di chuyén van téc ¢
¢ : van toc cua buc xa (dnh sdng, c6 thé hiéu birc xa la néi chung, con néi dnh sang 1a cac buc
xa trong vung thay duoc hay kha kién) trong chan khong
A e h A 5 A e N 5 e e J A J . .
Hé¢ thirc A =— cho thay ban chat séng va hat ctia dnh sdng (buc xa), mdt buc xa khi di
mc
chuyén véi van toc ¢, do dai song (budc séng) A, coi nhu twong duong voi mot hat co khdi
luong m.

Nam 1924, Louis De Broglie (nha vat 1y nguoi Phép, 1892-1987) néu 1én gia thuyét cho rang
khong phai chi ¢6 photon méi c6 ban chéat séng ma cdc hat vi mo, nhu dién tir, cling ¢6 tinh
chét d6. Chuyén dong cuia cdc hat ny c6 thé xem nhu chuyén dong séng, ma budc séng ciia
ching tuén theo hé thirc gidng nhu hé thirc ctia photon va duoc goi 12 hé thire De Broglie:

A=

my

hay ?t:ﬁ v6i p =mv

v: vén tdc cua hat

p: dong lugng (xung lugng) cua hat

h: hing sé Planck, h = 6,626.10% erg.s = 6,626.107* I.s

m: khéi luong cua hat

Thi dy: dién tr ¢6 khdi lwong m = 9,109.10%* gam & 27°C (300K) chuyén dong véi van tde v
=120 km/s = 1,2.107 cm/s s€ ¢ budc song la:

27 0
A= 6’626_'210 ~=0,606.10"cm =61.10"cm=61A
mv  9,109.107.1,2.10

V6i nhirng hat vi mé, nghia 12 mat thudng trong thay duoc, chiang han hon bi hay ca dén
nhirng hat bui, do khéi Iwong ciia ching qué 16n so véi dién tir nén budc séng cua ching nhod
dén murc khong thé do duoc nén coi ching c¢6 chuyén dong thang (A — 0).

Thi dy mét hat bui ¢6 khéi lugng m = 0,01 mg = 0,01.107 gam, di chuyén véi vén téc v = 1
mm/s = 0,1 cm/s s€ c6 budc song:

27
A= e = M =6626.10 > cm = 6,6.10* cm
mv 0,01.107°.0,1

=> budc séng A qud nho (coi nhu A = 0)

Nim 1927, Davison va Germer di kiém ching thyc nghiém y kiép cua De Broglie béngNCéch
cho mot chum hat dién tir di qua tinh thé Nickel (Ni) thi thdy c6 hién tuong nhicu xa
(diffraction) tuong ty nhu tia X, di€u nay da ching minh dugc tinh chat séng ctua dién tu.
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Ngay nay, hién tuong nhleu xa cua chum dién tr da tré thanh mdt phuong tién dugc dung
rong rai dé nghién ctru ciu tric cdc chét. Hién tuong nhidu xa cta dién tir ciing nhu hién
tugng giao thoa ctia né chi c¢6 thé giai thich duoc khi thira nhan ban chat séng cta dién tir.

Vay dién tir cling c6 ban chét song - hat nhu 4nh sdng (photon).

Vi thuyét séng két hop cta Louis De Broglie, ngudi ta tim lai dugc diéu kién cho qui dao 6n
dinh cta Bohr.

Khi dién tir di chuyén trén qui dao tron, mudn séng két hop khong bi hay thi chu vi caa qui
dao tron phai 1a mot bdi s6 nguyén cia budc séng A.

\x

Chu vi (qui dao tron ban kinh on dinh r) = 27r = nk (boi s6 nguyén cua dg dai séng 1)

Mél:?»:i => 27tr=ni
my my

h
=> mvr=n—
27

(tirc 1a momen dong p = mvr = bdi ) nguyén cua h/2n, dinh dé 1 cua Bohr)
L

1 half-wavelength

n=2 N E.L=2(2.;|

! - \\_/ 2

| 2 half-wavelengths

- ./ﬁ‘\/_\/ﬁ\ =3
=8 KR A =Y

3 hali-wavelengths

=nf 2
A

(Ngudn: http://www.chem.ufl.edu/~itl/2045_s00/lectures/lec_10.html)

I11.5.2. Nguyén Iy bit dinh Heisenberg (The Heisenberg uncertainty principle, 1927)
Heisenberg (nha vat 1y nguoi Buc, 1901-1976) cho rang khong thé x4c dinh chinh xdc
ddng thoi van tde va vi tri cia mot vat, dic biét 1a cac vat nho nhu dién tur.
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Avy Ax > L
47mm

Av,: sai s6 tuyét dbi ctia van tdc theo phuong x
AX: sai s6 tuyét dbi ctia vi trf trén phuong x

h: hing s6 Planck = 6,62607095.10°* J.s

m: khéi lugng cia hat

7 56 pi (= 3,14159)

h h
Hay: Ax.Ap > E véip=mv=>Ap=m.Av; i = 2— ; p: dong luong (xung luong)
T

Nguyén ly trén c6 y nghia néu sai sO vé van toc cang nho (van toc cang biét chinh xdc,
Av—0) thi sai s v€ vi tri cang 16n (tirc cang khong xdc dinh chinh xdc vi tri cua hat, Ax—w) va
nguoc lai, néu biét chinh xdc vi tri thi khong chinh xdc van toc.

Nguoi ta c6 thé xéc dinh duoc ning luong (dong luong p = mv) cua dién ti, tirc biét duoc van
tdc cua dién tir, nén theo nguyén ly bat dinh Heisenberg ta khong thé biét dugc chinh xac vi
tri cua dién tr. Thuc té dién tr c6 kich thudc qua nho va di chuyen vO1 van tdc rat 16n nén ta
khé xdc dinh duoc ding vi tri cua dién tir trong nguyén ti. Cic mau nguyén tir cua
Rutherford, Bohr dd vi pham nguyén 1y bat dinh Heisenberg vi dd xdc dinh dugc ca niang
luong 1an vi tri cua dién tir.

Tong quit, nguyén 1y bat dinh Heisenberg diing cho moi vat chuyén dong. Tuy nhién ddi voi
nhitng vat vi mo, c6 khodi lugng m 16n, di chuyén khong quéd nhanh, c6 thé xac dinh dugc van
toc cua vat lan vi tri cua vat.
h e - A 5 N A 2 s Az N e AN < A A ~
Ax.Av > 4——> 0, (do h ¢6 tr1 sO6 nho va néu m c¢6 tri sO 16n thi ti sO nay tién v€ zero) nghia
mn
12 sai s6 cua vat réat - khong déng ké so voi kich thudce cta vat, c6 thé bo qua. Ngudi ¢ thé xdc
dinh duoc toa do 1an van tdc cua vat, tic ve€ dugc qui dao chuyén dong ciia vat. Nhung dbi
v6i hat ¢6 kich thude qua nho va di chuyen rat nhanh nhu dién tor thi khong thé x4c dinh duoc
chinh x4c qui dao cua di¢n tur.

I11.5.3. Phwong trinh séng Schrodinger (The Schrodinger wave equation, 1926)

Thuyét song két hop cua Loui De Broglie (1924) da dat nén méng cho mot mon co hoc moi
goi 12 co hoc luong tir (quantum mechanics). Co hoc lwong tir nghién ciru sy chuyén dong cua
cac hat vi mo, né khic véi mon co hoc nghién ctru su chuyén dong cua cac hat vi mo, dugc
goi 1a co hoc cd dién (classical mechanics) hay co hoc Newton. Co sé cua co hoc cd dién 1a
cac dinh luat Newton. Con co so cua co hoc lugng tur 1a phuong trinh séng do Schrodinger
(nha vat 1y ngudi Ao, 1887-1961) dua ra nim 1926. Toan bo 1y thuyét hién dai vé nguyén tir
va phan tr 1a giai phuong trinh séng Schrodinger cho cic h¢ d6. Phuong trinh Schrodinger
md ta chuyén dong ciia mot hat trong khéng gian c6 dang nhu sau:

d 1//+821//+821// 87°m

E -
Ty T T ETVWE0

Hay thu gon lai, n6 c6 dang: Hy = Ey
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hZ

Véi: H= - >
87°m

vz + V : Toan t&d Hamilton

2 2 2
vz _ 0 4 d 4 0
ox* 9y’ 97’
h: hﬁng s6 Planck
m: khéi luong cua hat
V: thé ning ciia hat
E: ning luong toan phan cua hat
X, Y, Z: CaC bién s6 chi vi tri cua hat trong toa d6 Descartes
v: ham s6 séng (ham sb xéc suét)
v khong c6 y nghia vat 1y gi, nhung l//(zx,y’z) c6 y nghia 1a xdc suit di qua toa do (x,y,z).

: Toan tir Laplace

g//(zx 4.dT: cho biét x4c suat tim thy hat trong ving khong gian dz bao quanh diém (x,y,z),

cung la xac suat hat da di qua vung khong gian d7 bao quanh toa do (x,y,z). Néu dz — o, tlic
tat ca khong gian, thi xdc suit nay bang 1 (tc 100% tim thay hat).
Vi nguyén tir hidrogen va cic ion hidrogenoid (chi ¢6 1 dién tu), thi phuong trinh séng
Schrodinger md ta sy chuyén déng cua dién tur nay la:

0’ 0’ 0’ 87°m Ze’

axl/zj ayyzj"' al/zl P (E )y/ 0 Do théning V = E, = -
Hay dang thu gon ctia phuong trmh song Schrodinger la:

Hy =Ey

H: todn tir Hamilton

y: ham s6 séng

E: nang luong cua dién t

m: khéi lugng dién tr

E: nang luong cua dién t

r: khoang cich tir dién tir dén nhan

Z =1 (néula H); Z =2 (néu 1a He"); Z = 3 (néu 1a Li*");...

Phuong trinh Schrodinger chi c¢6 thé giai dugc mot cach chinh xdc cho trudng hop nguyén tir
hidrogen va cdc ion hidrogenoid, nghia 12 chi ¢6 1 dién tir va 1 hat nhan. Con dbi véi céc
nguyén ttr va phan tir ¢6 nhiéu dién tir, phuong trinh Schrondinger tré nén rat phic tap (vi
ngoai tuong tic hit gitra dién tir v6i hat nhén, con c6 lic ddy gitta dién tir v6i dién tir) va
ngudi ta chi c¢6 thé giai mot cach gan ding. Céc két qua tim duoc déu khd phit hop véi thuc
nghiém. Va day 13 vu diém cua md hinh nay déi véi cdc mé hinh nguyén tir khic trude do.
Giai phuong trinh séng trén, tim cdc ham s vy thich hop va tri s6 ning luong E tuong tng.
V6i hé mét dién tu, nguoi ta gidi duge phuong trinh séng Schrodinger va dac biét tim lai
duoc biéu thuc tinh nang lwong E nhu miu nguyén tir Bohr:

2 2 2
E= —Z—(13 6eV) = —Z—(z 178.107"%J) = —Z—(313 64kcal I mol)

Tuy nhién trong cong thirc trén, n ¢ ¥ nghia 1a s luong tir chinh hay sb nguyén lugng chinh
(principal quantum number); con n trong cong thirc cua Bobr c6 nghia la s6 thir tw qui dao 6 on
dinh. Nhu vy, nang luong cta nguyén tir H va cdc ion giong H chi phu thudc vao s6 lwong tir
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chinh n (chtr khong phu thude vao cic s6 luong tir khdc). S6 luong tir chinh n nho thi ning
lugng thap, n 16n thi nang lugng cao.

Dé c6 thé hiéu xdc suat néi trén, gia sir ta c6 thé thuc hién thi nghiém theo d6 chup dugc anh
vi trf ctia dién ttr & nhiéu thoi diém khdc nhau. Trén mdi anh, vi trf dién tir duwoc chi dinh bang
mot chim. Chép céc anh lai vdi nhau, cac vi tri dién tir s€ ¢6 dang nhu mdt ddm may, chd nao
day dic thi chd dé xdc suét hién dién dién tt 16n. Nguyén tir khong c6 ban kinh xac dinh, vi
dam may dién tir khong c6 gi6i han xdc dinh. Hinh dnh nhu thé khé sir dung dé giai thich sy
hién dién cua phan tir do sy héa hop cua cic nguyén tir. Do d6 nguoi ta chon mot gidi han qui
wéc cho su di chuyén cuia dién tir quanh nhan. Gi6i han d6 1a nhitng duong cong gidi han mot
vung khong gian bao quanh nhén nguyén tir ma trong vung khong gian nay chira khoang 90%
mat d6 dién tir (90% dién tu khao sdt ciia nguyén tir nam trong vung khéng gian nay).

Puong cong nay ¢6 ¥ nghia nhu sau: néu ta thuc hién duoc thi nghiém theo d6 c6 thé x4c dinh
vi trf ctia dién tir va trong 100 lan tim dién tir thi 90 lan tim thiy dién tir trong viing khong
gian do.,

Nhu véy c6 thé xem dién tr hiu nhu di chuyén trong viing khéng gian gidi han quanh nhan
trén. Ving khong gian giéi han bao quanh nhan nay ciing nhu ham sb xdc suat y hién dién
dién tor dugc goi la orbital nguyén tir (atomic orbital, obitan nguyén tir, van dao nguyén tir).

Mot orbital nguyén tur:
- V& phuong dién todn hoc dugc biéu dién bang mot ham sé xdc sudt .
- V& phuong dién hinh anh duoc biéu dién bang mot ving khdéng gian bao quanh nhin
nguyén tir, trong d6 xdc suat tim thay dién tir khoang 90%

Z

Hinh: orbital (Nguén: http://images.google.com.vn/imgres?imgurl=http://www.chem.ufl.edu)

Nghiém s y tim dugc cua phuong trinh Hy = Ey con phy thu¢c vao 3 thong s0 (tham s,
parameter) 13 cdc s nguyén, dugc goi 1a sb luong tir hay s6 nguyén luong (quantum number)

\lln, 1, m-
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Y nghia cta cdc sb luong tu:

So lwgng tir chinh n (principal quantum number, primary quantum number): n 1a cac
s6 nguyén duong khdc 0. n = 1, 2, 3, 4, 5,..S6 luong tr chinh x4dc dinh mérc nang luong
va kich thu6c cua orbital. SO lwong tir chinh n cang 16n, ning luong orbital cang cao,
kich thudc orbital cang 16n. S luong tr chinh xac dinh ) 16p dién tr (tﬁng dién tir,
main shell of electrons, electron shell)

Sblugngtirchinhn |1 2 3 4 5 6 7.
Tén 16p dién tir KL MN OP Q.

S6 lwong tir phu 1 (azimuthal quantum number, orbital angular mementum quantum
number, second quantum number): s6 luong tir phu phu thudc vao s6 lugng tir chinh n.
Ung voi s6 lugng tir chinh n, s6 luong tir phu 1 ¢6 tri s6: 0, 1, 2,...(n-1). Nghia la ng
v6i s6 luong chinh n thi ¢6 n tri s6 s6 luong tur phy 1, bién thién tir 0,1, 2,... dén (n-1).
S6 luong tir phy I xdc dinh dang ctia ham s6 séng v (dang cua orbital) va cho biét img
v6i 10p dién tir thtr n ta ¢ n phan 16p (phu tdng, subshell) ¢6 1 bién thién tir 0...dén (n-
1)

1 2 3 5 6 7.
p d f h i .

S6 luwong tir phul | 0
Tén phan 16p S

4
g

Thiduin=1=>1=0 (&16p 1, 16p K, chi c6 mot phan 16p, d6 1a phan 16p s)
n=2=>1=0,1 (¢ 16p 2, 16p L, c6 hai phan 16p, d6 1a phan 16p s va phan 16p p)
n=3=>1=0,1,2 (16p 3 c¢6 3 phan 16p: s, p, d)
n=4=>1=0,1,2,3 (16p 4 c6 4 phan 16p: s, p, d, f)
n=5=>1=0,1,2,3,46p 5 cé 5 phan 16p: s, p, d, f, g)

S6 lwong tir tir m (magnetic quantum number): 5O lrgng tir tir m phu thude vao 5O
luo’ng tir phu 1. Ung véi s6 lugng tir phu 1, ta c6 céc tri s6 cua s0 luong tir tir m 1a:
(l 1); -(- 2) 505 +1;...+(1-1); +1. Nhu vay tng véi ) luong tor phu I ta c6 (21+1)

tr1 sd ciia m. Sb Iwong tir m cho biét hudng cua orbital, né cung cho biét c6 (21 + 1)
orbital trong mot phan 16p. Tong quit c6 bao nhiéu tri s6 cia m 12 c6 biy nhiéu
orbital.
Thi du:

1=0=>my=0 (phanlop s cod 1 orbital)

l=1=>mg=-1;0; +1 (phan lép p c6 3 orbital)

1=2=>mg=-2;-1;0; +1; +2 (phan 16p d c6 5 orbital)

1=3=>m=-3;-2;-1; 0; +1; +2; +3 (phan l6p f c6 7 orbital)

n=2;1=1;m=+1=>vyy;.4 =2px
n=21=1m=0=>vyy;0=2p,
n=2;1=I;m=-1=>vy,.1=2py
n=3;1=2;m=+2 >\|132+2—3d

S6 lwong tir spin mg (spin quantum number): Trong nghi€ém y cua phuong trinh
Schrodinger khong c¢6 s6 luong tir nay. Dé giai thich sy phic tap cua phd phit xa
nguyén tir dudi tidc dung cia tir truong, Ulenbeck va Goudsmit con phdt biéu dinh dé
cho rang dién tir con ty quay quanh né (spin) va gy ra mot momen géc spin. Monen

o RS I PTTPY SEN
gbc cling duoc luong tir héa va chi c6 tri s 5(2—). Momen goc spin c6 thé cung
V4
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chiéu hay nguoc chiéu véi tir trudng dinh hudng bén ngoai, do d6 sb lwong tir spin m
ST N |
cOhaitrisdola +—va ——.
2 2
Nhu vay dé xac dinh mot orbital ta can phai xac dinh bd ba s6 lugng tir (n, 1, m), mdt ba so
lugng tir thich hgp nay xdc dinh mot orbital (mot yy,;m). Con dé xdc dinh mot dién tir ta can
bict b bon so luong tir (n, I, m, my).

Sau day la dang cua mot s6 orbital nguyén tur:

Noi nao mui n¢ rong thi noi xac suat hién di¢n tir cao.

Thi du:

cac orbital s hinh cau, tam la nhan nguyén tu, thi di theo bat cir hudng nao xdc suat gap di¢n

t 12 nhu nhau.

Con orbital 2py: thi doc theo truc x hién dién di¢n tu nhiéu nhét, di theo truc y, tryc z thi sé
khong gap dién tir ciia orbital nay.

Vi orbital 3dyy thi doc theo duwong phén gidc cua tryc x voi truc y xdc suét hién dién tir nhiéu
nhat, néu di doc theo truc x, truc y s€ khong gdp dién tir trong orbital nay hodc néu di theo cac
hudng khéc cling khong gap dién tur toi da.

pipiing
- e B
o P
A | A p, Orbital
s Orbital y Ty
f Py Orbital
z -2
¥ j;‘y/x_,_ - )

R Y
p- Orbital All p orbitals full

Hinh‘ orbital s, py, py, Pz
(Nguon: http://www.emc.maricopa.edu/faculty/farabee/BIOBK/orbitals.gif)
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1s ‘
2s
3s

Hinh cua céc orbital nguyén tir: 1s, 2s, 3s, pz, Px, Pys dyz, dxzs dxy, d x> — y?, d 27
(ngudn: Trich tir sach: Chemistry Foundation And Applications cta J.J. Lagowski)

(Con tiép)



