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Tong hop kién thic: Mau nguyén tu Bo va Su
chuyén muc nang luong

Mau nguyén ti cta Rutherford-Bohr la mét budc ti€n quan trong trong viéc mé
td cau trdc nguyén tk, dac biét la nguyén t Hidro. N6 gidi thich dugc su ton tai
cla cac quang phé vach, diéu ma mau hanh tinh nguyén t& cua Rutherford

khong lam dugc.

1. Mau nguyén tu Bo

Mau nguyén t& Bo dugc xay dung dua trén mau hanh tinh nguyén t& cua

Rutherford nhung cé bé sung thém hai tién dé dé gidi thich tinh bén viing cla

nguyén td va su tao thanh quang pho vach clia cdc nguyén tu.

e N6i dung co ban: Electron chuyén déng trén cac quy dao tron quanh hat
nhan dudi tac dung cua luc tinh dién Coulomb.

e Han ché cia mé hinh ci: Theo vat ly cé dién, mot electron chuyén déng cé
gia téc quanh hat nhan sé lién tuc blc xa nang lugng (séng dién ti), mat dan
nang lugng, roi vao hat nhan va nguyén ti bi phé hay. Diéu nay trai véi thuc

té.

2. Cac tién dé cua Bo vé cau tao nguyén tu

P& khac phuc nhitng han ché trén, Bo da dé xuat hai tién dé quan trong ap

dung cho nguyén ti, dac biét la nguyén tu Hidro.
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a. Tién dé vé trang thai dung

e NOi dung: Nguyén ti chi ton tai trong nhiing trang thai cé nang lugng xac
dinh, goi la cac trang thai dung. Khi & trong cac trang thai ding, nguyén ta

khéng bldc xa nang luong.

e Giai thich: Trong cac trang thai ding clia nguyén tu, electron chi chuyén
déng quanh hat nhan trén nhitrng quy dao c6 ban kinh hoan toan xac dinh goi

la cac quy dao dung.

e Cac quy dao dirng: Doi véi nguyén tir Hidro, cdc quy dao dung dugc dat tén
theo th(r tu tlr trong ra ngoai la K, L, M, N, O, P,... tuong ing véi cac so lugng

todchinhn=1,2,3,4,5,6,...
Ban kinh quy dao dung

Ban kinh quy dao dung th& n cua electron trong nguyén ti Hidré dugc xac dinh

bdi cong thuc:

or.: Ban kinh quy dao dung thu n.

e n: SO luogng t&rchinh (n € N*, n =1, 2, 3,...).

* Ty Ban kinh Bo, la ban kinh quy dao K (n=1). ro = 5,3.10'11 m.
Vi du 1: Tinh ban kinh quy dao L cua electron trong nguyén ti Hidro.

Gidi: Quy dao L Gng véi n = 2. Ap dung cong thic, ta cé: = 22 * o = 4 *

53.10°11 = 21.2.1011 m.
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Vi du 2: Mot electron dang & quy dao N. Ban kinh quy dao nay I6n hon ban kinh

Bo bao nhiéu lan?

Giai: Quy dao N ing v6i n = 4. Ta ¢c6 Ny = 42 * g = 16 * fo: Vay ban kinh quy

dao N [6n hon ban kinh Bo 16 lan.
Nang luong 6 trang thai dung
Moi trang thai dirng c6 moét mirc nang lugng hoan toan xac dinh. Déi véi nguyén
tir Hidr6, nang lugng cula electron & quy dao dung thi n la:
— 2 _ 2

E =-E.,/n“=-13,6/n< (eV)

n o
«E: Nang lugng cua trang thai dung thi n (don vi thuong dung la eV).

e n: SO lugng t&r chinh (n =1, 2, 3,...).

* Ey: Nang lugng ion hdéa cla nguyén tir Hidro & trang thai co ban, E, =136

eV.

e Trang thai co ban: La trang thai dung cé nang lugng thap nhat, ing véi n =

1 (quy dao K). E1 =-13,6 eV.

e Trang thai kich thich: La cac trang thai dung cé nang lugng cao hon trang

thdi co ban, ing véi n > 1.

e Luu y: Nang lugng En c6 gia tri am vi day la nang lugng clia mot hé lién két
(electron lién két véi hat nhan). Khi n tién téi vo clng, E tién tdi 0, tuong

ing vai trang thai electron da thoat khdi nguyén t& (nguyén tu bi ion héa).
Vi du 1: Tinh nang lugng clia nguyén t& Hidr6 & trang thai co ban.

Giai: Trang thdai co ban ng véi n = 1. Ta cé: E, = 13,6 /1% = -13,6 eV.
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Vi du 2: Tinh nang lugng clda nguyén t& Hidré & trang thai kich thich th hai.

Giai: Trang thai kich thich th( hai itng v6i n = 3 (n=1 la co ban, n=2 la kich

thich thr nhat). Ta c6: E; = -13,6 / 3% = -1,51 eV.

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

Tién dé nay gidi thich cdch nguyén t& chuyén déi gitta cac trang thai dung.
Su buc xa (phat xa) nang luong

e NOi dung: Khi nguyén t& chuyén tir trang thai dirng cé nang luong cao (Ecao)

xubng trang thai dung cé nang lugng thap hon (E , N6 sé phat ra moét

thz“a'p)
photon cé nang lugng dldng bang hiéu hai mdc nang lugng doé.

e Cong thuc:e = hf = hc/A = Ecao - Etha'p

e Giai thich: Electron "nhay" tUr quy dao ngoai vao quy dao trong, nang lugng
du thtra dugc gidi phéng dudi dang mot hat dnh sdng (photon). M6i photon

ing véi mot vach quang phé cé tan so f (hodc budc séng A) xac dinh.

Vi du 1: Electron trong nguyén t& Hidré chuyén tir quy dao M (n=3) vé quy dao
K (n=1). Tinh nang lugng va buéc song cua photon phat ra. (Cho h = 6,625.10°
34 s, c=3.108m/s, 1 eV =1,6.1019)).

Giai:

Nang lugng & quy dao M: E3 =-13,6/3%2 = -1,51 eV.

Nang lugng & quy dao K: E, = 13,6 / 12 = -13,6 eV.

Nang lugng photon phat ra: € = E3 - E1 =-1,51-(-13,6) = 12,09 eV.

P6i ra Joule: € = 12,09 * 1,6.1019 = 1,934.10718 ).

Buéc s6ng photon: A = hc/e = (6,625.103% * 3.108) / (1,934.10718) = 1,027.107/
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m = 102,7 nm (vung t& ngoai).
Su hap thu nang luong

e NOi dung: Khi nguyén t&r dang & trang thai dung c6 nang lugng thap (Ethé'p)'
dé chuyén lén trang thai dung c6 nang lugng cao hon (E o) nd phai hap thu

moét photon cé nang lugng dldng bang hiéu hai mdc nang lugng doé.

e Cong thuc:e = hf = hc/A = Ecao - Ethé’p

e Gidi thich: Electron chi "nhay" |Ién quy dao ngoai néu nhan dugc mdt photon
c6 nang lugng chinh xac bang khodng cach nang lugng gilra hai quy dao. Néu

nang lugng photon khéng phu hgp, nguyén tir sé khéng hap thu.

Vi du 1: Nguyén t& Hidr6 6 trang théai co ban (n=1) can hap thu moét photon cé
nang lugng bang bao nhiéu dé chuyén Ién trang thaikich thich dau tién (n=2)?
Giai:

Nang luong can hap thu: € = E, -E,.
E,=-13,6/2%=-34eV.

E1 = -13,6 eV.

€ =-3,4-(-13,6) = 10,2 eV. Nguyén ti can hap thu mét photon cé nang lugng

chinh xac la 10,2 eV.

Vi du 2: MOt nguyén t& Hidro & trang thai co ban hap thu moét photon cé nang

luong 12,5 eV. Diéu gi sé xay ra?

Giai: Ta tinh cac hiéu nang lugng:
E2 - E1 = 10,2 eV.

E3 - E1 = 12,09 eV.
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E4 - E1 = 12,75 eV.
Nang luong 12,5 eV khoéng bang bat ky hiéu E, - E; nao. Do dd, nguyén tu

khéng hap thu photon nay va van & trang thai co ban.

3. Quang phé vach cta nguyén tu Hidro

Mau nguyén t Bo gidi thich rat thanh céng su hinh thanh cac day quang phé
vach cla nguyén tG Hidré. Moi ddy quang phé Ung véi cac vach bdc xa khi
electron chuyén ttr cAc mdc nang lugng cao vé cing mot méc ndng lugng thap

xac dinh.

Su chuyén muc Vung quang phé

Electron chuyén tir cac
Day Laiman hc/A =

micn>1vémlcn = T& ngoai (Ultraviolet)
(Lyman) E -E

1 (quy dao K).

Electron chuyén tur cac Mot phan trong vung kha
Day Banme hc/A =

muicn>2vé mlcn = ki€n, mot phan trong
(Balmer) E -E

2 (quy dao L). vung tur ngoai

Electron chuyén tir cac
Day Pasen hc/A =

mucn > 3 vé mlcn = Hong ngoai (Infrared)
(Paschen) E -E

3 (quy dao M).
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a. Day Laiman

Hinh thanh khi electron tir cAc muic nang lugng cao (n=2, 3, 4,...) nhdy vé muc

nang lugng co ban (n=1).

e Vach dai nhat (nang luong nhé nhat): Ung vdi su chuyén tir n=2 vé n=1.

Asq-

e Vach ngan nhat (nang luong I6n nhat): Ung véi su chuyéntirn=c vé
n=1. )‘001'
Vi du: Tinh budc séng dai nhat trong day Laiman.
Giai: Budc séng dai nhat ing vGi nang lugng nhd nhat, tdc la electron chuyén tu
n=2 vé n=1.
e=E,-E, =10,2eV=10,2%1,6.10"2) = 1,632.1078 .

Ay, = hcfe = (6,625.1034 % 3.108) /(1,632.10718) = 1,218.107 m = 121,8 nm.
b. Day Banme

Hinh thanh khi electron tir cAc mic nang luong cao hon (n=3, 4, 5,...) nhay vé

muc nang lugng n=2.

e BOn vach dau tién cia ddy Banme nam trong vung anh sadng nhin thay: H,
(d9d), HB (lam), HY (cham), He (tim).

e Vach Ha (dd): Chuyén tlr n=3 vé n=2.

e Vach HB (lam): Chuyén tur n=4 vé n=2.

e Vach HV (cham): Chuyén tir n=5 vé n=2.

e Vach H5 (tim): Chuyén t&r n=6 vé n=2.
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Vi du: Tinh budc séng cta vach quang phé Ha trong day Banme.

Giai: Vach H, ing vaéi su chuyén mdec tr n=3 vé n=2.

E, =-13,6/3° =~ -1,51 eV.

E, =-13,6/22 = -3,4 eV.

£e=E,-E,=-1,51-(-3,4)=1,89eV =1,89%*1,6.1019) = 3,024.1019.

Ay, = hc/e = (6,625.1034 * 3.108) / (3,024.1071%) ~ 6,575.10" m = 657,5.nm

(mau da).
c. Day Pasen

Hinh thanh khi electron tir cAc mic nang luong cao hon (n=4, 5, 6,...) nhay vé

muc nang luong n=3.
e Vach dai nhat (nang luong nhé nhat): Ung vdi'su chuyén tir n=4 vé n=3.

e Vach ngan nhat (nang luong Ién nhat): Ung vdéi su chuyén tir n=w vé

n=3.
Vi du: Tinh budc séng cua vach dau tién trong day Pasen.

Gidi: Vach dau tién &rng véi su chuyén tir n=4 vé n=3.
E, =-13,6/4° = 0,85 eV.
E, =-13,6/3%~ -1,51 eV.

£=E,-Ey=-085-(-1,51) = 0,66 eV = 0,66 * 1,6.10119) = 1,056.10719 .

A,z = hele.= (6,625.103% * 3.108) / (1,056.10719) = 1,882.10°® m = 1882 nm

(vung hong ngoai).
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