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1. Mau nguyén tu Rutherford va nhitng han ché

Pau thé ky 20, nha vat ly Ernest Rutherford dé xuat mau nguyén t& hanh tinh,

trong do:
e Nguyén t(r cé cau trdc réng.

« O tdm 13 hat nhan mang dién tich duong, cé kich thudc rat nhé so véi

nguyén tu.

e Cac electron mang dién tich am chuyén dong trén cac quy dao tron xung

quanh hat nhéan, giéng nhu cac hanh tinh quay quanh Mat Troi.
Tuy nhién, mau nay mau thuan véi ly thuyét dién tir ¢6 dién:

1. Tinh khéng bén vitng: Theo dién dong luc hoc c6 dién, mot dién tich
chuyén dong c6 gia téc (chuyén dbéng tron) sé lién tuc blc xa séng dién tu.
Nang lugng cla electron sé gidam dan, ban kinh quy dao sé nhd dan va cudi

cung electron sé rai vao hat nhan. Do dd, nguyén t& khong thé bén viing.

2. Quang phé lién tuc: Vi electron lién tuc mat nang lugng, tan sé cla séng
dién tU phat ra sé thay daoi lién tuc, tao ra quang phé lién tuc. Nhung thuc t€,
quang phoé cla cac nguyén tu (khi bi kich thich) la quang phé vach, chi chira

mot sO tan so xac dinh.
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2. Hai tién dé cua Bo (Bohr's Postulates)

Nam 1913, Niels Bohr da van dung thuyét luogng t& dnh sang vao hé théng
nguyén tr va dé xuat mot mau nguyén t& mdi (goi la mau nguyén t& Bo), giai
quyét dugc cac khd khan ciia mau Rutherford. Mau nay dua trén hai tién dé

chinh.
2.1. Tién dé vé cac trang thai dung

Nguyén tu chi toén tai trong nhiing trang thai cé nang luong xac dinh, goi la cac
trang thai dung. Khi d trong cac trang thai dung, nguyén tu khéng bdc xa nang

lugng.

e Trong cac trang thai ding clia nguyén tu, electron chichuyén déng quanh
hat nhan trén nhirng quy dao c6 ban kinh hoan toan xac dinh goi la cac quy
dao dung.

e DOi v4&i nguyén ti Hidro, ban kinh quy dao dung duogc tinh theo cong thuc: r

— 2 *
=n ro

e Trong do:
o nlasd nguyén (n =1, 2, 3, ...) goi la s6 lugng t& chinh.
° Ty la ban kinh Bo, la ban kinh quy dao & trang thai co ban (n=1). ro = 5,3

* 10711 m.

e Cac quy dao dung cé tén goi tuong ing vai cac gid tri n:

o n = 1: Quy dao K (trang thai co ban).

o n=2:Quydao L.
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o

n = 3: Quy dao M.
o n = 4: Quy dao N.

o n = 5: Quy dao O.

O

n = 6: Quy dao P.

Vi du 1: Tinh ban kinh quy dao dung L cua electron trong nguyén t& Hidro.
QuYy dao L ing véi n = 2. Ap dung cong thuc: ry, = 22 % o = 4% 531011 =

21,2 %1011 m.

Vi du 2: Mot electron dang é quy dao N. Ban kinh quy dao nay I6n gap bao
nhiéu lan ban kinh Bo?

Quy dao N itng v6in = 4. Ta cé M, = 42 * o = 16 * Mo Vay ban kinh quy dao N
I6n gap 16 lan béan kinh Bo.

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

Khi nguyén tu chuyén tir trang thai dirmg cé nang luong E_ sang trang thai diung
co nang lugng Em thi né phat ra hodac hdp thu mét photon cé nang luong ding

bang hiéu |En - Em|.

e Burc xa (phat xa) nang lugng: Khi nguyén tir chuyén tlr trang thai dung c6

nang lugng cao (E__ ) xuong trang thai ding cé nang lugng thap hon (Ethé'p)'

né sé phat ra mot photon.

o COng thuc: € = hf = hc/A = Ecao - Etha'p

e Hap thu nang luong: Khi nguyén t&r dang & trang thai dirng c6 nang lugng

thap (E p) hap thu mot photon, né sé chuyén Ién trang thai dirng cé nang

tha
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lugng cao hon (Ecao).

o Diéu kién: Nang lugng cta photon phai ding bang hiéu nang lugng gitra

hai trang thai. € = hf = hc/A = Ecao - Ethz‘a’p

Vi du 1 (Burc xa): MOt nguyén t& Hidro chuyén tu trang thai cé nang luong E3
= -1,51 eV vé trang thai cé nang lugng E, =-3.4eV. Tinh budc séng ctia photon
dugc phat ra.

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

P6ira Joule: € = 1,89 * 1,6 * 1019 ) = 3,024 * 10719 ).

Budc séng: A = hc/e = (6,625 * 10734 * 3 x 108) / (3,024 * 10°19) = 0,6575 * 10

®m =0,6575 um.

Vi du 2 (Hap thu): Nguyén td Hidro & trang thai coban (E; =-13,6 eV) c6 thé
hap thu moét photon cé nang lugng 12,09 eV khéng? Néu cd, nd sé chuyén lén
trang thai nao?

Gid st nguyén t chuyén lén trang thai n. Nang lugng cla trang thai do la E .
Ta cé: En - E1 = 12,09 eV => En = E1 + 12,09 =-13,6 + 12,09 =-1,51 eV.

Ta biét cong thirc nang luong: = -13,6 / n? (eV).

=>-1,51 =-13,6 /n° =>n? = 13,6 /1,51 = 9 =>n = 3,

Vi n=3 la mot s6 nguyén, nén su hap thu nay cé thé xay ra va nguyén t& sé

chuyén lén trang thai dung M.

3. Nang luong va Quang phé vach cia Nguyén tu Hidro
3.1. Nang luong cua electron trong nguyén tu Hidro
Nang lugng cla electron é quy dao dung th( n dugc cho béi cong thic:
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E_=-13,6 /n? (eV) (véi 1 eV =1,6*1019))

n=1, 2, 3,...

Giai thich:

Vi

>

o=

Vi

Dau "-" cho thay electron bj lién két véi hat nhan. Muén but electron ra khai
nguyén t (ion hda), can cung cdp cho nd mot nang lugng téi thi€u bang E I
n = 1: Trang thai co bdn (ground state), cé nang lugng thap nhat: g\ 136
eVv.

n > 1: Cac trang thai kich thich (excited states). Nang lugng cang cao khin
cang lén.

n = o: Trang thai ion hoa, electron da theat khoi nguyén tu. Nang lugng E

= 0.

du 1: Tinh nang lugng cua electron & quy dao L (n=2) va M (n=3).
=-13,6 /2% =-3,4eV.

=-13,6 / 32

U

-1,51 eV.

du 2: Tinh nang lugng can thiét dé€ ion héa nguyén tu Hidro tu trang thai co

ban.

Nang lugng ion hda la nang lugng can dé dua electron tir n=1 dén n=.

AE=E_-E =0-(13,6) =136eV.

3.2. Quang phé vach cta nguyén ta Hidro

Mau nguyén tl Bo gidi thich thanh cong su hinh thanh quang phé vach cla

nguyén t& Hidro.
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e Quang phé vach phat xa: Khi mot khai khi Hidro bj kich thich (bang nhiét
hodc dién), cac nguyén tl& sé chuyén |én cac trang thai kich thich. Sau ddé,
ching nhanh chéng chuyén vé cac trang thai cé nang lugng thap hon va

phat ra cac photon c6 tan s6 xac dinh (hf = E__ p)' Mbi photon (ng V4i

o~ Eths
mot vach mau (hoac vach quang phd) dac trung. Tap hop cac vach nay tao

thanh quang phé vach phéat xa cta Hidro.

e Quang phé vach hap thu: Khi cho 4nh sdng trang (cé quang phé lién tuc)
di qua mot khoi khi Hidro & trang thai co ban, cdc nguyén tir Hidro sé hap thu
cac photon c6 nang lugng ding bang hiéu E -E,. Két qua la trén nén quang
phd lién tuc cla anh sdng trang xuéat hién céc vach toi tai dang vi tri cac

vach mau trong quang phé phéat xa.

3.3. Cac day quang phé chinh cua Hidro

Céc vach quang phé cta Hidro dugc sap xép thanh cac day c6 quy luat. Tén cac

day dugc dat theo tén cac nha khoa hoc da tim ra chung.

a. Day Laiman (Lyman Series)

e Su chuyén muc: Xay ra khi electron tir cadc quy dao bén ngoai (n = 2, 3, 4,
...) chuyén vé quy dao K (n = 1).

e Cong thuc:hf = hc/A = En - E1 (vGin = 2)

e Vi tri: Nam trong ving ta ngoai (ultraviolet).

Vi du: Tinh budc séng dai nhat va ngan nhat trong day Laiman.

- Vach dai nhat (nang lugng nhd nhat) ing véi su chuyén tir n=2 vé n=1:

AE = E2 - E1 =-3,4-(-13,6) = 10,2 eV.
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A pay = NC/AE = (6,625%10734 * 3¥108) / (10,2 * 1,6¥10719) = 0,1218 um.
- Vach ngan nhéat (nang lugng 16n nhat) &ng véi su chuyén tr n=« vé n=1:
AE=E_-E, =0-(-13,6) = 13,6 eV.

A i = NC/AE = (6,625%10734 * 3%108) / (13,6 * 1,6¥10719) = 0,0914 pm.

b. Day Banme (Balmer Series)

Su chuyén muc: Xay ra khi electron tir cadc quy dao bén ngoai (n = 3, 4, 5,

...) chuyén vé quy dao L (n = 2).

Cong thuc:hf = hc/A = E -E, (vGin = 3)

Vi tri: M6t phan nam trong vung anh sang nhin thay va mét phan trong

vung t& ngoai gan.

Cac vach trong vung nhin thay duoc ky hiéu la Ha (dd), H, (lam), HY (cham),

B
H6 (tim).

o Vach H : chuyén tr n=3 » n=2,

o Vach H,: chuyén tlr n=4 - n=2,

B

o Vach HY: chuyén tirn=5 - n=2.

o Vach Hg: chuyén tr n=6 -» n=2.

Vi du: Tinh budc séng cua vach H, (vach dad).
Day la su chuyén ti n=3 vé n=2,

AE = E3 - E2 =-1,51-(-3,4) = 1,89 eV.

Ayg = hC/AE = (6,625%10734 * 3¥108) / (1,89 * 1,6*¥10719) = 0,6575 um (mau

do).
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c. Day Pasen (Paschen Series)

e Su chuyén muec: Xay ra khi electron tir cdc quy dao bén ngoai (n = 4, 5, 6,

...) chuyén vé quy dao M (n = 3).
e Cong thuc:hf = hc/A = E - E3 (vGin=4)

e Vi tri: Nam trong vung héng ngoai (infrared).

Vi du: Tinh budc séng cla vach dau tién trong day Pasen.
Vach dau tién Ung vdi su chuyén tir n=4 vé n=3.
E, =-13,6/4% =-0,85eV.

AE = E4 - E3 =-0,85-(-1,51) = 0,66 eV.

A = hc/AE = (6,625%1073% * 3¥108) / (0,66 * 1,6%¥10719) = 1,88 um (viing héng

ngoai).

Bang tém tat cdc day quang phd cua Hidro

Muc nang luong Muc nang luong

Vung quang phé

cuoi dau (n)

Laiman

E, (Quy dao K) 2,3,4, .. Td ngoai
(Lyman)
Banme Nhin thay & T

E2 (Quy dao L) 3,4,5, .. ‘
(Balmer) ngoai gan
Pasen

E; (Quy dao M) 4,5, 6, ... Hong ngoai
(Paschen)
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