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huong 1. CAU TAO NGUYEN TU

1.1. MG PAU
1.1.1. Thanh phan clia nguyén tir

Nguyén tir duge ciu tao béi proton, notron vi electron. Proton va notron
tao thanh hat nhan nguyén i, trir hat nhéan cta hidro nhe }H khong chia
notron. Céc electron chuyén déng xung quanh hat nhan nguyén ti.

Proton mang dién tich duong, electron mang dién tich am, notron
trung hoa dién. Dién tich clia méi proton bang dién tich cia mdi electron
nhung ngugc ddu. Trong mot nguyén tir s6 proton bing s6 electron, nén
nguyén tir trung hda vé dién. S6 thi 1y Z cia nguyén t& trong bang tuin
hoan dr.’mg bing s3 proton clia nguyén tix nguyén td dé.

Khéi lugng cua proton gin bang khéi lugng chia notron v néng gip
khoang 1837 lin khéi lugng cilia electron, nén khéi 1u0ng clia nguyén tu
tap trung hdu hét & hat nhan (bang 1.1).

Bdng 1.1. MQT $6 DAC TiNH COA PROTON, NOTRON VA ELECTRON

Téngoi | Kihigu Khéi lugng nghi Dién tich
Proton p 1,673.10 % kg 1,007 u* +1,602.10 1% ¢
Notron n 1,675.107% kg 1,008 u 0
Electron e 9,109.1037 kg 5,48.10 ™%y -1,602.107"% ¢

u* : don vi nguyén tf khéi
1.1.2. Phé nguyén tir

Cho dén nam 1913 da ¢6 mot s§ 16n cong trinh do do6 dai séng va tin
$6 anh sdng c6 thé bi hap thu hay dugc phat ra boi nguyén tir. Ngudi ta da
xac dinh duge rang mbi loai nguyén tir chi c6 thé hdp thu va phét ra 4nh
sang ¢6 tan s6 rdt dac trung va xdc dinh nghiém ngat. Tir d6 nay sinh van
dé sau : tai sao lai nhu vy, nguyén nhan gi Iam xudt hien nhitng tin s§
chinh xdc va nhiing tén s nay thay déi v loai nguyén tir nay dén loai
nguyén tit khic ?




Nhiing thir nghiém trd 18i cdc cau hoi nay déu tap trung vao nguyén
tir hidro 1a nguyén tr don gian nhat va cé phé ciing don gidn nhat.

Cic vach phd cua nguyén t hidro tao thanh mot s§ day. Vi tri cdc
diy nay duoc biéu dién chinh xdc bang biéu thic ctia Ritz :

c=RH[L___.1__) (1.1)
‘ nZ n-2 _
O day :
o — 6 song, no lién hé v6i budc séng A va tan s6 v bang hé thuc :
1 v '
= = - 1.2
O == - (1.2)

¢ - tdc d% anh sdng trong chan khéng, ¢ = 3.10%m.s™'

»

Ry - hiing s6 Rydberg, Ry = 1096776 cm™' (1em ' = 11,962 J.mol ') ;
n van' — nhitng sé nguyén duong, n' > n.

Khin=1van' =2,3,4, ... ta c6 ddy Lymann. Cic vach phé clia ddy niy ndm
trong viing tu ngoai xa. Vidu, n =2 thi o = 82258 cmm', dod6 A =121,5nm.

Khi n = 2, cdc vach phd dng vdi ddy Balmer nam trong ving nhin
thdy (hinh 1.1) va nhiéu vach ¢ mién 1 ngoai gin.
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Hinh 1.1. Phd phat xa ciia nguyén t hidro trong ving nhin thay

Khi n = 3, dng v&i ddy Paschen ; n =.4, day Bracket v n = 5 ddy
Pfund. Ba diy nay déu nam trong ving héng ngoai.

Cac s6 lieu thuc nghiém trén ré rang va don gian, nhung trong thdi
gian mudi nam dau cia thé ki XX cdc nha bac hoc hau nhu thét vong, vi
da khong thé tim ra dugc sy gidi thich ndo cho céc 56 ligu d6.

Nam 1913. N. Bohr di gia thiét ring, khong thé giai thich nhing s6
liéu do dac duoc cila phd trong khudn khé céc thuyét di c6 thoi by giv.
Ong da doan tuyét v6i nhitng khdi niém truyén théng vi dua ra gia thuyét
tdo bao ring, electron cé thé quay vinh vién xung quanh hat nhan theo
cac quy dao c¢b ban kinh xdc dinh. Dé giai thich sy tao thanh cdc vach
phd, Bohr d3 sir,dung thuyét lugng tl do Planck néu ra trude dé.
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Theo Planck, ndng luong bitc xa do cdc chdt phdt ra hay hdp thu la
khong lién tuc, ma gidn doan, nghia I thanh nhitng phdn riéng biét —
nhitng lugng tir.

Nang lugng E clia mot lugng tir ti 18 véi tdn s6 bic xa v va tuan theo
hé thirc Planck :

E=hv (1.3)

h ~ hing s6 Planck, h = 6,63.10 %) s.

1.1.3. Thuyét Bohr giai thich phd ciia nguyén tir hidro

Theo Bohr, & trang thdi co ban electron doc nhat cha nguyén tir hidro
quay trén qu¥ dao vdi gié tri n = 1, khi d6 electron c6 gid tri nang lugng
thdp nhat. Khi bi kich thich, electron nhiy ra qu§ dao xa hon véi n = 2,
n = 3, ... Trang thdi kich thich nay khéng bén, electron ¢6 xu huéng trd
vé quf dao gdn nhén hon.

Nang lugng cla electron trén quy dao n duge tinh theo cong thic :

me* 1

Ssghz "n?

Trong d6 : m — khéi lugng cuia electron, kg ;
¢ — dién tich clia electron, C, e = — 1,602.10”°C;
£, — hiing s6 dién moi chia chan khong, €, = 8,854.10 12 S.I ;
h — hiéng s6 Planck.

B, =- (1.4)

Gia sir electron & trang thdi ning lugng E nhdy vé trang théi ning
lugng E,, s& xay ra sy phat xa mot tia sdng tAn s§ v :

E,-E,=hv
Néu ding s6 séng o thi theo cac cong thie (1.2) va (1.4) tacé :
_ 4
G=En' En = n;cs (—]—.i'—‘“}-z-} (1-5)
he 8s;h’cin® n'
Biéu thic nay giéng véi biéu thic cia Ritz néu dit :
Le“_ =R (1.6)
8e2hdc



Pon vi nang luong trong hé S.I 1 jun khong thuén tién vdi céc bicu
thitc (1.4) va (1.5). Theo hé don vi qudc t&€ S.1 thi :
. _
me - 1 —18 1 -
— =-2,18.107".—1J (1.7)
8.8‘§h2 n? n?

E,=-

n

Néu 14y don vi 12 electron — von (1 eV = 1,602.10 ) thi :

E,=— 13,6%6\’ ' (1.8)
fn _
Ti;dc'): _
1° 1
E.—-E =136 —~— (1.9)
" " [nz n'z] .

Thuyét Bohr ap dung dugc
cho ¢a cdc ion moét electron (phén
" 1it gi6ng hidro) nhu He®, Li**, ...,
khi d6 :

yA :
E = —13,6-n—2—eV (1.10)

$ day : Z — 56 proton cla phin
tir dugc xét.

M6 hinh nguyén tlr Bohr ching
bao 14u bi bac bd do nhiéu nguyén

nhan. Mot mat né khong thé mo Pfund

td dugc nguyén tir nhiéu electron. Hinh 1.2. Su xust hién céc day
Nhung d6 khong phai 1a nguyén phé clia nguyén ti hidro theo
nhan chinh. Nhitng céng trinh k€ thuyét Bohr

ti€p dé da chi rang, viéc khao sit

electron trong nguyén tif nhu phin tr gidn doan véi vi tri va téc do xic
dinh nghiém ngat nhu mé hinh Bohr 13 hoan toan sai 14m. Chinh sy phat
hién ra tinh chdt séng cia electron, tuong ty photon*, da bédc bo hoan toan
mé hinh nguyén tir cha Bohr.

" Vé tinh chit séng — hat cia photon xem sdch gido khoa Vat 1{ 16p 12.
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1.2. TINH CHAT SONG — HAT CUA ELECTRON

Nam 1924 de Briglie gia thiét ring, tat ca cic dang vat chat déu thé
hién tinh chéat séng. Pac biét cic hat vi mo, nhu electron, ¢6 tinh chét
séng 13 rét khi chuyén dong véi t6c do v. Budc song A lién hé véi khoi
lugng m va t6c do v cia hat bang hé thitc de Broglie :

A= B (1.11)
my

Trong d6 : A : mo ta tinh chit séng
m : md ta tinh chat hat.

[t ndm sau, bing thi nghiém Davisson v Germer ching minh ring
chiim electron bi nhiu xa béi tinh thé hoan toin gidng nhu chim tia
ronghen. Birde séng tim thdy clia electron tng diing véi he thitc de Broglie.

Mot trong nhiing hé qua cla ludng tinh séng ~ hat la nguyén Ii bdt
dinh dugc phat biéu bdi Heisenberg :

Khong thé xdc dinh ddng thoi chinh xdc cd vi tri va 16¢ do cuia vi hat.

Chéng han, mot hat chuyén dong theo phuong x v6i d6 bat dinh vé toa
d6 1a Ax va do bat dinh vé€ téc do 1a Av, thi hé thite bat dinh ¢6 dang :

AX. Av, > — (1.12)

Ciing gap hé thitc Ax. Av, = (1.13)

Tron.g d6 : A - héng s6 Planck rit gon, i = Ehr-c'

Ap dung he thiic bit dinh cho nguyén tir ta thay electron khong: thé
quay trén quy dao quanh hat nhan chinh xdc nhu Bohr d3 nghi. Diéu
dé6 cé nghia 14 khong thé 4p dung co hoc cé dién clia Newton cho céc vi
hat, ma phii x4y dung mot mén co hoc méi, d6 14 co hoc lugng 1t (hay co
hoc séng).

Nim 1926 Schrodinger da dé xuét phuong trinh phéi hgp duge tinh
chdt hat bi€u dién qua khéi lugng m va tinh chdt séng biéu dién qua ham
séng v (pxi) cha vi hat, dat nén mdéng cho co hoc lugng tir.



1.3. HAM SONG - PHUONG TRINH SCHRODINGER

Theo co hoc lugng tlr trang thdi cia electron trong nguyén ti & diém
M va théi diém t duge dic trung bing ham séng (X, vy, z, t). Him y chita
dung t4t cd nhiing théng tin lién quan d€n electron. Xic sudt cé mit
electron & thdi diém t trong y&u t& thé tich dv 1 hyl%dv.

Xac suét tim thdy electron trong toan bd khoéng gian phai bang 1.
Vivaytacé: '

[Ty dv=1

Diéu ki¢n nay la diéu kién chufn héa
cla ham séng.

Ngudi ta quy uéc rﬁng Xic sudt co
mit electron xung quanh hat nhén
nguyén tt khoang 90 — 95% la mdy
electron. Vi du, may electron clia nguyén
td¢ hidro 13 hinh cu bin kinh 12
0,0529 nm (hinh 1.3).

Hinh 1.3. May electron
clia nguyén tlr hidro

Nhir viy trong co hoc lugng tir khong con khdi niém qu§ dao ma thay
bing obitan. Mot obitan nguyén tir 13 mét ham y cia electron trong
nguyén tir.

Dé tim ham v, Schrédinger d3 dua ra phuong trinh goi 12 phwong
trinh Schriodinger & trang thdi dimg (ham w khong phu thudc vao thoi

gian t) d6i v6i electron khéi lugng m, chuyén dong trong trudng thé nang
V nhu sau :

( A A V] E
Tam AtV )v =By
Gday: A —hings6 Planck riitgon:
| . ot | &> &
A - t04n tu Laplace, A = + + ;
o2 oy o2
E - nang lugng toan phén cia electron.
Phuong trinh Schrédinger ¢6 thé viét gon lai nhu sau :
HY = E¥

s H= 2
_Trongdo. H= 2mA+V

H - todn tir Hamilton.



Giai phuong trinh nay s& tim dugc ham y ciia electron va nang luong
E urong ing v4i né. Rat ti€c 1a do tinh phiic tap vé mat todn hoc, viec giai
chinh xdc phuong trinh Schrodinger chi thuc hién duge v6i nguyen tir va
ion c6 mot eleciron. Vi cdc nguyén tir nhiéu electron phai ding phuong
phdp gin diing. K&t qua cia phrong phap nay g1a1 thich thod min céc s6
liéu thue nghiém.

1.4. BON SG LUGNG TU PAC TRUNG CHO TRANG THAI CUA
ELECTRON TRONG NGUYEN TU

Két qua giai phuong trinh Schrodinger cho biét ring, ham séng y cha
electron phu thugc vao ba s3 lugng tir, d6 1a s6 lugng ti chinh n, 56 luong
tir phu 1 va s6 lugng tir tr m (cling ¢6 thé ki hiéu m;). Him y,,, ing v6i
ba gid tri cha n, 1 va m duge goi 12 mét obitan nguyén tit (xem muc 1.5).

Nhitng két qua nghién citu 1i thuyét va thuc nghiém cho thdy viec mo
td ‘'mot electron trong nguyén ti la khong ddy du khi chi sir dung ba s6
lugng tir trén, ma cén phai dua vao mot s6 lugng tit niia 1a s6 lugng tir tir
spin m,.

Sau day chiing ta xét gid tri va ¥ nghia cOa b6n s6 lugng tir dic trung
cho trang théi cla electron trong nguyén tu.

1.4.1. 86 luong tit chinh n
V& nguyén tir duge chia thanh cic 16p electron, méi 16p electron dudc
dic trung bing mot gid tri clia s§ lugng ti chink n. S lugng tir chinh n
nhén cic gid tri nguyén duong tir 1 tr& 1én :
_ n 1 2 3 4
Kihieuldpelectron: K L M N
Gid tri cila n cang 16n, 16p electron cang xa hat nhan.

bai véi nguyén tir hidro hay ion mot electron, n dic trung cho mifc
nang lugng E cia electron trong nguyén tir hay ion va duge tinh bang
cong thirc (1.10) gidng nhu cong thiic cliia Bohr.

D6i v6i nguyen tir nhiéu electron, ngoai sy tuong tic cha electron vdi
hat nhan, con sy tuong tic giita cdc electron vdi nhau, nén ning ludng cha
electron phy thuéc vao hai s6 lugng tit, d6 13 s& luong tir chinh n va s8
lugng tir phu 1. Vi vay trong trudng hop nay gid tri ciia n chi dic trung
cho miic ning lwgng trung binh ciia cdc electron trong mét 1p.



