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Mé dau: Mau nguyén tua Bo

Vao dau thé ky 20, mau nguyén t cia Rutherford tuy thanh céng trong viéc
khdm phda ra hat nhan nhung lai mau thuan véi cac dinh luat vat ly c6 dién.
Theo ly thuyét c6 dién, mot electron chuyén dong cé gia toc quanh hat nhéan sé
phai lién tuc blc xa nang luong dudi dang séng dién tu, khién nang lugng cua
nd gidm dan va cudi cung raoi vao hat nhan. Tuy nhién, thuc té cac nguyén tl lai

rat bén ving.

Nam 1913, nha vat ly ngusi Dan Mach Niels Bohr da dé xuat mét md hinh
nguyén t& mai, két hgp gitta vat ly c6 diénva nhitng y tuéng lugng tlr so khai
cla Planck va Einstein. Mau nguyén t&r Bo da gidi quyét dugc méau thuan trén va
giadi thich thanh cong su ton tai cia quang phd vach cla nguyén t& Hydro. NOi

dung c6t 16i cila mau nguyén t& Bo dugc thé hién qua hai tién dé sau day.

I. Tién dé vé cac trang thai dung

Tién dé nay mo td trang thai ton tai dac biét cla cac nguyén tk, di nguoc lai
hoan toan véi quan diém cla vat ly c6 dién.

1. NGi dung tién dé

e Nguyén t chi ton tai trong nhiing trang thai cé nang lugng xac dinh, goi la
cac trang thai dung. Khi & trong cac trang thai dirng, nguyén t& khéng buc

Xa hang lugng.
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e Trong cac trang thai dung clia nguyén tu, electron chi chuyén dong quanh
hat nhan trén nhirng quy dao c6 ban kinh hoan toan xac dinh, goi la cac quy

dao dung.

Diéu nay cé nghia la cd nang lugng va ban kinh quy dao cla electron trong
nguyén t& déu bj "lugng t&r hda", tic la chi cé thé nhan nhiing gié tri gidn doan,

xac dinh.
2. Ban kinh quy dao dung (Pdi véi nguyén ti Hydro)

Bohr da thiét l1ap dugc cong thic tinh ban kinh cla cdc quy dao dung cho

nguyén ti Hydro (nguyén ti chi cé 1 electron).

e CONg tht'xc:rn = n2 * o

e Gidi thich:
or, la ban kinh quy dao dung thd n.
o n la sé nguyén duong (n = 1, 2, 3, ...) dugc goi la s6 lugng ti chinh. Moi

gia tri cda n ing v6éi'mot quy dao dung.

°Tg la ban kinh Bo, la ban kinh cla quy dao dirng gan hat nhan nhat (ing

véi n=1). ro = 5,3.10'1:l m.

Vi du minh hoa:

1. Vidu 1: Tinh ban kinh quy dao dung L cia nguyén t& Hydro.
Phan tich: Quy dao L la quy dao th& hai, ing véi n = 2.

Gigi: Ap dung céng thic, tacér, = 22k =4 % g =4 *5,3.10°11 = 21,2.10°

2 0

11 .
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2. Vi du 2: M6t electron trong nguyén t& Hydro dang & trén quy dao dung cé
ban kinh 132,5.1011 m. Cho biét electron nay dang ¢ quy dao nao?

Phén tich: Ta co ro= 132,5.10'11 mvar, = 5,3.10'11 m. Ta can tim n.

0

Giai: T cong thirc r,= nZ*r_ suyran?= r/ry= (132,5.10711) / (5,3.10°11

OI
) = 25. Vay n = 5. Electron dang & quy dao dung O.

3. Nang luong cua nguyén tu & trang thai dung
Moi trang thai ding ing véi mot mic nang lugng hoan toan xac dinh.
e Céng thuc:E_ = -E / n2 (VGi E, = 13,6 eV)
e Giai thich:
o E la nang lugng clia nguyén t& & trang thai dung tha n.
o nla so6 lugng t&r chinh (n =1, 2, 3,....).

o Eq la nang lugng ion hdéa cua nguyén ti Hydro & trang thai co ban, cé gia
tri 13,6 eV (1 eV = 1,6.10719 ).

o Dau "-" cho biét day la nang lugng clla mot trang thai lién két. Electron
van bi rang budc bdi hat nhan. Nang lugng cang am thi trang thai cang
bén viing.

o Trang thai dung c¢6 nang lugng thap nhat ing véi n=1, goi la trang thai
co ban.

o Cac trang thai dung c6 nang lugng cao hon (n = 2, 3, 4, ...) goi la cac

trang thai kich thich.
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o Khi n tién ra v6 cung (n - «), E, - 0. Day la trang thai ion hda, electron

da thoat ra khdi nguyén tu.

Bang tom tat cac trang thai ding cua nguyén tu Hydro:

Tén quy Gidatri Ban kinh (r Nang lugng

Tén trang thai
n

K 1 r -13,6 eV Trang thai co ban

Trang thai kich thich tha
L 2 4r0 -3,4 eV

nhat

Trang thai kich thich tha
M 3 Or -1,51 eV

0 .

hai

Trang thai kich thich tha
N 4 16r0 -0,85 eV

ba

Trang thai kich thich tha
O 5 25r, -0,54 eV

tu

Trang thai kich thich th&
P 6 36r, -0,38 eV

nam

Vi du minh hoa:
1. Vi du 1: Tinh nang lugng cldia nguyén t& Hydro & trang thai kich thich tha

hai.
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Phan tich: Trang thai kich thich th& hai &ng véi quy dao M, cé n = 3.

Gidi: Ap dung cong thuec, ta cé E;=-13,6/ 32=-13,6/9 = -1,51 eV.

. Vi du 2: Can cung cap mét nang luong toi thiéu bang bao nhiéu dé€ ion hoda
mot nguyén tir Hydro dang 6 trang thai co ban?

Phan tich: lon hdéa nguyén tu la qua trinh dua electron tu trang thai dang xét
(n=1) ra xa vO cung (n-®). Nang lugng can cung cap chinh bang dé chénh
léch nang lugng gitra hai trang thai nay.

Gidi: Nang luong & trang thai co ban la E, = -13,6 eV. Nang lugng & trang
thai ion héa la E_ = 0. Nang lugng can cung cap la: AE = E_ - E; =0-(-13,6)

= 13,6 eV.

Il. Tién dé vé su buc xa va hap thu nang luong

Tién dé nay giadi thich co ché nguyén t& phat ra hodac hap thu anh séng

(photon).

1. N6i dung tién dé

e Khi nguyén ti&r chuyén tur trang thai ding cé nang lugng cao Ern sang trang
thai dung cé nang lugng thap hon E. (v8i m > n), n6 sé phat ra mot photon
c6 nang lugng diing bang hiéu hai mic nang lugng do: € = hf =E_-E.
e Nguagc lai, khi nguyén t&r dang & trang thai dirng cé nang lugng thap E . néu
nd hép thu dugc mét photon c6 nang lugng € ding bang hiéu Em - En (vGi m

> n), nd sé chuyén lén trang thai ding c6é nang lugng cao hon E .

Qua trinh nay duoc goi la su chuyén mic nang lugng. Su hap thu hay bic xa

photon la mét qua trinh "nhay vot", khéng c6 trang thai trung gian.
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2. Su buc xa photon (Phat xa)
Pay la co ché tao ra quang ph6 vach phat xa cla cac nguyén té.

e Cong thuc:e = hf = hc/A = Eca -E

photon o thap

e Gidi thich: Khi electron "nhay" t&r miic nang lugng cao xuéng muc thap,
phan nang lugng chénh léch sé dugc gidi phdong dudi dang mot hat dnh sang
(photon). Nang lugng ctia photon nay quyét dinh tan so (f) va budc séng (A)

cla anh sang phat ra.
Vi du minh hoa:

Vi du: Tinh budc séng cua bluc xa do nguyén t& Hydro phat ra khi electron
chuyén tir quy dao M vé quy dao L.

Phén tich: Chuyén tu M (n=3) vé L (n=2). Ta co E3 ~-1,51 eV va 2= -3,4 eV.
Gidi:

Nang lugng photon phat ra la: € = E3 - E2 = (-1,51) - (-3,4) = 1,89 eV.

D6i ra Joules: € = 1,89 * 1,6:1071° =3,024.10719 .

Tl céng thic € = he/A, suy ra A = hc/e = (6,625.10734 * 3.108) / (3,024.10719) =
0,657.10% m = 0,657 um. D4y 1a bic xa mau dé trong viing anh séng nhin thay

(vach Ha trong day Balmer).
3. Su hap thu photon

Day la qua trinh ngugc lai véi blric xa va la chia khéda dé hi€u vé quang phé vach

hap thu.

o Diéu kién hap thu: Nguyén t ¢ trang thai nang lugng E_ chico thé hap thu

moét photon cé nang lugng € néu nang lugng nay chinh xac bang hiéu nang
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luong E - E_ dé chuyén |én mot trang thai kich thich cao hon E_ (m>n).

e Cong thuc:e =hf=E_-E_(vGim>n)
u m n

hap th

e Giadi thich: Néu nang luong photon khong thoa man diéu kién trén (tic la
khong dd dé nhdy 1én mic E . hoac thira mot chat), nguyén tir sé khong
hap thu photon dé. Photon sé di xuyén qua nguyén t& ma khong cé tuong
tac. Day la tinh chat "tat ca hoac khoéng cé gi" ciia qua trinh hap thu lugng

2

tu.
Vi du minh hoa:

1. Vi du 1: MOt nguyén ti Hydro dang 6 trang thai co ban (n=1). Chiéu vao né
mot photon cé nang lugng 10,2 eV. Nguyén t& cé hap thu photon nay khong?
NE&u cd, né chuyén lén trang thai nao?

Phan tich: Nang luong 6 trang thai co ban E, = -13,6 eV. Ta can kiém tra
xem cO muc nang lugng E nao thda man E.-E = 10,2 eV hay khonag.
Giai:

Th véi n=2: E, = -3,4 eV. Hiéu nang lugng: E,-E; = (-3,4) - (-13,6) = 10,2
eV.

Vi nang lugng photon dung bang hiéu E, - E;, nén nguyén tu cé hap thu

1’
photon nay va chuyén Ién trang thai kich thich th& nhat (quy dao L, n=2).
2. Vi du 2: Chi€éu mot chum photon cé nang lugng 11 eV vao mot dam khi
Hydro & trang thai co ban. Hién tugng gi sé xay ra?
Phén tich: Ta can kiém tra xem 11 eV cé tuong ing véi bat ky hiéu E_-E;

nao khong.

Gidi:
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E2 - E1 = 10,2 eV.

E3 - E1 = (-1,51) - (-13,6) = 12,09 eV.

Nang lugng photon 11 eV I6n hon nang lugng can dé 1én muic 2 nhung lai nhé
hon nang lugng can dé 1én muc 3. Vi khdng cé mic nang lugng nao & gitta,

nén nguyén t& khéng hap thu cac photon nay. Chum photon sé di xuyén

qua dam khi Hydro.

. Vi du 3: Mot nguyén tir Hydro dang & trang thai kich thich thi nhat (n=2).
N6 c6 thé hap thu photon cé nang lugng 2,55 eV khong?

Phéan tich: Nguyén t& dang & E,=-3,4eV.Ta can kiém tra xem cé muc E
(v8i m > 2) nao thda man Em - E2 = 2,55 eV khoéng.

Giai:

Thtr véi n=3: E3 - E2 = (-1,51) - (-3,4) = 1,89 eV.

Thi véi n=4: E, = -0,85 eV. Hiéu nang lugng: E,-E, = (-0,85) - (-3,4) = 2,55
eV.

Nang lugng photon ddng bang hiéu E, - E5. Vay nguyén ti cé hap thu

photon va chuyén 1én trang thai kich thich th ba (quy dao N, n=4).

Két luan

Mau nguyén t& Bo, thong qua hai tién dé cha minh, d& dat nén méng cho su

hi€u biét vé thé gidi vi mo6. N6 giai thich thanh cong su bén vitng clia nguyén ti,

sy ton tai clla cac vach quang phé va ca ché tuong tac gilta 4nh sang va vat

chat. Dac biét, khai niém vé cac trang thai dung va diéu kién hap thu/blc xa

photon la nhiing ki€n thic c6t 16i, gilp gidi quyét rat nhiéu dang bai tap quan

trong trong chuong trinh Vat Ly 12 va céc ky thi THPT Quéc Gia.
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