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1.1. Nguyén tu va quang phd nguyén tu

1.1.1. Nguyén tu va cac hat electron, proton,
neutron
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Bang 1.1. Cac hat cd ban cau tao nguyén tu.
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Hat Khéi lvong Pién tich

Tuyét doi Twong Tuyét doi Twong

doi doi
kg dvC Culong Pon vi tinh dién | Pon vie

Electron | 9,109390.1031 | 0,000549 | -1,602177.101° | -4,802298.1010 -1

Proton | 1,672623.1027 | 1,007277 | +1,602177.101° | +4,802298.10-10 +1

Neutron | 1,67429.10%7 | 1,008665 0 0 0
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e Hat nhan dudc cau tao chu yéu tu cac hat
proton
va neutron. Khéi Iugng hat nhan béng tong khdi
luong cua cac hat proton va neutron.

e Hat nhan la thanh phan cau tao quyét dinh ban
chdt nguyén t: hat nhdn khéng thay doéi thi
nguyén t khéng thay doi.

e Hat nhan mang dién tich duong va co dién tich
bang dién tich cla cac hat proton trong hat
nhan.
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Cac nguyén tu cua cung mot nguyén to ludn ludn
cd s8 hiéu nguyén t&r Z gibng nhau, nhung cé thé
co khoi lugng A khac nhau. Nhifng nguyén tu' co Z
giong nhau nhung c6 A khac nhau chinh la cac
déng vi cua nguyén to.

Vi du: Ung dung clia ddng vi 14C trong viéc xac dinh nién dai
cac vat liéu hoa thach.
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|
1.1.2. Khai niém vé quang phd nguyén tu

e Trong cac phan Ung hoa hoc, cau truc IGp vo
electron clla nguyén tir thay ddi do cac electron
tham gia tao LKHH. Viéc nghién cdu cau truc I8p
vO electron nguyén tu dudc dua trén nghién cdu
quang pho cua nguyén tu dé.

e Quang phé nguyén ti hydro bao gdm nhiéu day
vach khac nhau: Balmer, Lyman, Paschen,
Brackett va Pfund.
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Hinh 1.1. Sc d6 hoat dong clia may quang pho.
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SO song, budc song, tan s6 dao dong, va nang
lUong cua cac vach quang pho hydro:

= 1 1

S (1.20)
V_%_RC(LZLZ] (1.21)
E=h.v (1.22)

trong dé: R: hang s6 Rydberg (=1096,78.10% m'); h: hang s6
Planck (=6,626076.10-34 J.s); ny, n: nhirng s6 nguyén dudng co gia
tri khac nhau (ny=1, n>2 dé6i vGi day Lyman; ny,=2, n>3 ddi vdi day
Balmer; ny=3, n>4 déi vGi day Pachen; n,=4, n>5 d6i vGi day
Brackett; n,=5, n>6 dbéi vGi day Pfund).
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BUrc xa~cd budc sdng cuc tiéu cla
nguyén tU H phat ra khi e tu:

a. Vo cuc rai xuong quy dao 1.

b.Quy dao 1 Ién quy dao 2.
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1.2. Thuyeéet cau tao nguyén tu Bohr

Thuyéeét cau tao nguyén tu cua Thomson
(1903): nguyén tu gom cac dién tich duong phan
b6 déng déu trong tdan bd thé tich nguyén tr va
cac electron chuyén doéng gilta nhitng dién tich
ducng do.

Thuyét cau tao nguyén tu cua Rutherford
(1911): nguyén tu gom hat nhan tich dién dudng
tap trung phan I6n khoi ludng nguyén tu va cac
electron tich dién am quay xung quanh hat nhan.
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Thuyeéet cau tao nguyeén tu cua Bohr (1913):

Increasing energy
n=73 of orhits

;— A photon is ernitted
\ with energy £ = AF

_\Lﬂ
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e Electron quay xung quanh hat nhan trén nhiing
quy dao tron, dong tam cé ban kinh nhat dinh,
goi la nhirng quy dao bén.

e Khi quay trén nhirng quy dao bén nay, electron
khong phat ra nang lugng dién tu.

e Nang luong (E) chi dudc phat ra hay hap thu khi
electron chuyén tir quy dao bén nay sang quy
dao bén khac.

E=|E,-E.|=hv (1.23)
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Uu diém:

e Tinh tdan dugc cac quy dao bén cd thé cb
trong nguyén tu, téc do va nang lugng cua
e khi chuyén dong trén cac quy dao bén.

e Giai thich dudc ban chit vat ly cia quang pho
vach nguyén tu va tinh téan vi tri cac vach
quang pho hydro trong vung anh sang théy
dugc (thuoc day Balmer).
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Nhuoc diém:

e Cac tién dé cua Bohr chong lai cac dinh luat co hoc va
dién tU hoc cd dién, nhung khi tinh téan cac luc tac
dung

lén electron thi lai s« dung nhirng dinh luat nay.

e Khong tra I0i dudc cau hoi: electron ¢ dau trong qua
trinh chuyén tu quy dao nay sang quy dao khac.

e Khdng giadi thich dudc cac dac trung quang phd quan
trong nhu cudng do va do boi cua cac vach quang pho.

e Khong cho két qua phu hgp véi thuc nghieém doéi vai
nh{rng nguyén tu nhieu electron.
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1.3. Thuyét cau tao nguyén tu hién dai theo
co hoc ludgng tu

1.3.1. Cac luadn diém co sé cua co hoc luong tu vé su chuyén
dong cua hat vi mé

e Tinh chat song-hat cua hat vi mé: hé thiuc De Broglie:

% = h/(mv) (1.24)
e Nguyén ly bat dinh Heisenberg:
AX.AV > h’/m = h/(2zm) (1.25)

e Phuong trinh song Schrodinger:

o2y o2y o2y T2
== == == =

o,z B,z 0,2 . (E V)P~ 0 (1-26)

X y z h
Pai lugng w2 cho biét mat d0 xac suat c6 mat cua hat vi mo
tai diém co toa do x, vy, z.
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1.3.2. Trang thai cua electron trong nguyén tu
mot electron va cac so luong tu

KEt qua giai phuong trinh Schrodinger cho thay
ham séng y cua electron ludon chua 3 théng so
khong thd nguyén, goi la nhitng s6 lugng tu: n; I,
va m,. Nhirng thong s6 nay dac trung cho trang
trang thai cua electron trong nguyén tu. Ngoai ra,
sO lugng tu tho tv m, cling dac trung cho su
chuyén dbng riéng cua electron.
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e Theo quan niém co hoc lugng tlr, khi chuyén
dong xung quanh hat nhan trong nguyén tu, e
tao nén vung khong gian xung quanh hat nhan
dugc goi la dam may e (hay orbital nguyén tu).

e bam may e dudc quy udc la vung khong gian
gan hat nhan vdi xac suat co mat e ~ 90%, va
co hinh dang dudc xac dinh bdi bé mat gom cac
diém cd mat do xac suadt cé mat bang nhau.
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- Nucleus (not to scale!)

\

Electron “‘cloud”

The mass of an atom is extremely small. The units of mass used to describe atomic
particles is the atomic mass unit (or amu).
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SO0 luong tu chinh n: xac dinh trang thai nang
luong cua e trong nguyén tu; n =1, 2, 3, ..., ©. n
cting xac dinh kich thudc dam may electron.

Nhifng e c6 cung gia tri n, nghia la cung muUc nang
luong, tao thanh I6p ludng tu hay I6p e. Bé thuan
tién, ngudi ta dung cac ky hiéu sau:

SO lugng tu chinh 1 2 3 4 5 6 7
Ky hiéu I6p e K L M N ) P Q
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SO0 Iuong tu orbital I: xac dinh hinh dang dam
may electron. B6i v8i moi gia tri n, | co cac gia tri:
1=0,1, 2, .., (n-1).

Cac electron c6 cung gia tri | sé tao thanh phan
muUc nang lugng:

So luong tu orbital 0 1 2 3 4 5
Ky hiéu phan muc NL s p d f g h
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Cac dam may electron tucong uUng trang thai s
(I=0) c6 dang khéi cau; trang thai p (I=1) c6 dang
2 khoi cau bién dang tiép xuc nhau; d (I=2) co
dang 4 khoi cau bién dang tiép xuc nhau; ...
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SO lugng tur tar m: xac dinh su dinh hudng cua
cac dam may electron trong khéng gian. Ung VOi
moi gid tri |, m, cé cac gia tri: m, = 0, 1, +2, ..., +l.

Nhu vay, trang thai cua electron trong nguyén
tu duoc dac trung boi nhirng gia tri nhat dinh
cua n, | va m,
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Chon dap an dung:
a. Xac xuat phan bé electron 3d,, theo truc x I6n nhat.

b. Xac xuat phan b6 electron 3d,, theo truc x va y IGn
nhat. - -

7
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Bang 1.2. Mdi lién hé gitra n, | va ddm may electron.

Lop | | Phanlép Pam may electron
lvong to lrong t | kv higu | Hinh dang Dinh hwéng

K 0 S 1s Khéi cau 1s

L 0 s 2 Khoi cau 25
1 p 2p 2 khéi cau 2p,, 2py, 2p,

M 0 S 3s Khoi cau 3s
1 p 3p 2 khoi cau 3Py 3Py, 3P,
2 d 3d | 4 khéi cAu 3d,, 3d,, 3d, 50, %,
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S6 luong tir spin m_: xac dinh trang thai chuyén
déng riéng cua electron, chi c6 hai gia tri la +1/2
va -1/2 Udng vOi hai chiéu quay thuan va nghich
theo chiéu quay cua kim dong ho.
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2.3.3. Trang thai cua electron trong nguyén tu
nhiéu electron va cadu hinh electron cua nguyén tu

Hiéu *ng chan:
e Cac electron I8p trong chan cac electron I8p ngoai.

e Phan I8p electron bdo hoa / ban bdo hoa chan manh cac
electron I6p ngoai.

e Cac electron cung mot I6p chan yéu hdn, kha nang chan
giam dan theo chiéu tang gia tri |.
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Hiéu ung xam nhap:

e Cac electron I3p ngoai cé thé xdm nhép vao gan hat nhan.
e Cac electron cung mot I6p c6 kha nang xam nhap giam
dan

theo chiéu tang gia tri .
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Su sap xép electron trong nguyén t va ciu
hinh nguyén tu-:

Nguyén ly ngoai tru Pauli: trong nguyén tu
khong thé cé 2 electron cé cung 4 s6 lugng tuo >
moi orbital nguyén t& chi c6 thé ch’a t6i da 2
electron co spin khac nhau. Nhu vay, sO electron
toi da trén phan I6p s la 2, trén phan I6p p la 6,
trén phan I6p d la 10, ..., trén phan Idp x, la
2(21+1) = sO electron toi da trén IGp K la 2, trén
IGp L 1a 8, trén IGp M la 18, ..., trén I6p x, la 2n2.
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Nguyén ly virng bén: trang thai bén virng nhat
cua electron trong nguyén tu la trang thai tudng
Ung v4i gia tri nang lugng nho nhat = cac
electron trudc hét phai chiém trang thai co nang
luong thap roi mdi dén trang thai cd nang lugng
cao.

s < 2s<2p<3s<3p<4s < 3d <4p < 55 <
4d < 5p<6s < 4f=5d<b6bp<7s<5f=6d < 7p
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Quy tac Hund: trang thai bén cla nguyén tu
tucong 'ng véi su sap x€p electron sao cho trong
gidi han mot phan muc nang lugng, gia tri tuyét
ddi clia tdng spin cua electron la cuc dai > trén
cung phan I8p lugng tlr, cac electron sé sap Xx€&p
trong cac orbital nguyén tuU sao cho sO electron
db6c than la cuc dai.
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Quy tac Kleshkovski: Su sap x&p cac electron
vao cac orbital nguyén tu theo chiéu tang dién
tich hat nhan nguyén tu, xay ra theo thu tu tu
nhitng orbital c6 tong (n+l) nhd hon dén nhing
orbital cé tong (n+!) I6n hon. N&u céc orbital cé
(n+l) gidng nhau thi theo hudng tang dan so
luong tu chinh n.
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C&u hinh electron nguyén tir dudc biéu dién bang
tap hdp cac ky hiéu trang thai lugng tu cua
nguyen tu co chua electron, dong thoi kem theo
ky hi€éu nay co ghi s6 electron dudc sap x€p vao
trang thai d6 dudi dang s6 md.

Vidu: K (Z=19): 1s2 2s2 2p% 3s2 3pb 4s!
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Viét cau hinh electron nguyén
tUr cua nguyén to X cé Z2=33.
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Cho biét s6 t8i thi€u céc sb lugng
tlr d& xac dinh orbital 2s.

a.n, I, m
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Electron cudi cua nguyén tir'S (Z=16) cé bo cac
sO lugng tU sau (quy udc cac electron dién
vao cac orbital theo thir tv m, tu +1 dén -1).

a. n=3, 1=2, m=-2, ms=+1/2.
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