Quantum numbers

Céac so lwong tov

(The Young Vietnamese Chemistry Specialists)

Schridinger

C6 bén loai sb ding dé md ta cAc electron trong mot nguyeén tir

M6 hinh cGa Borh 1& md hinh mét chiéu d& dung mét sbé lwong t&r d& md tad vé cac
electron trong nguyén t&r. Chi co kich thwdc cua qui dao la quan trong va da duwgc mo ta
bang sb lwong tlr n. Schrédinger da mé ta mot mo hinh nguyén tlr v&i cac electron trong
ba,chleu. M6 hinh nay c6 3 loai toa d9, hay ba sb lwong t&r d& mé ta cac vj tri c6 thé tim
thay electron.

Ba loai toa dd tr phwong trinh song cta Schrédinger 1a sé lwong tlr chinh (n), sé lwong
ter goc(l ) va s6 lwong tlr ttr (m). Cac so lwong t&r nay mo ta vé kich thwéc, hinh dang va
hwéng trong khéng gian clia cac orbital trong nguyén tcr.

Co bdn diéu ban nén blet vé m0| sb luwong tor: (1) tén va ki hiéu, (2) gia tri co thé cua cac
sb lwong to, ) cac s6 néi gi vé nang lwong clha electron va (4) la cac sb noi gi vé vai tro

cda electron. B6n muc nay thwéng lién quan dén xac suat mat do hodc thé tich ctia vuing
ma trong do electron cé kha nang tim thay.

1. S6 lwong tir chinh (hay sé 1&p) - N
MO ta mrc nang lworng trong nguyén ter.

Céac mire nang lwong tir 1 dén 7
X . s R DN \ e hN 2
SO electron cwc dai c6 thé dién vao lop n la 2N electron

Cécgiatricothé =1, 2, 3, 4...
Nang lwong = gia tri cda n cang lén thi nang lwong cang cao
Y nghta vat ly = Gia tri I&n hon thi biéu thj xac suat mat do 1én hon
2. S6 lwong tlr xung lwong (phan 16p) - |
%¥M0 ta cac |ép phu trong N

Céc phan 16p clia cac nguyén tb da biétla s-p-d - f
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M®i I&p nang lweng c6 N phan 16p.
Céac phan I&p cta cac Iép nang lwgng khac nhau cé thé cé cac nang lwong
xen pha.

Cécgiatric6thénhan=0,1,2,3,..n—-1
Céc gia tri c6 cac tén xen k& ma ban cling nén biét:
[=0las
I=1lap
I=2lad
[=31af

Nang lwong = gidtril 1&n hon sé biéu thi nang lwong I&n hon mét chit

Y nghia vat ly = | lién quan dén hinh dang cta cac xac suit mat do xuat hién cta dam
may dién tu:

| = 0 hay s la khéi cAu (mét bung, khéng c6 nbt)
| = 1 hay p hinh qua ta (2 bung, 1 nbt)

| =2 hay d hoa bén canh (4 bung , 2 nbt)

| =3 hay f hinh dang phtrc tap (8 bung, 4 nét)

2 s6 lwong tlr dau tién co thé dwoc biéu thj cung nhau vi du 1s hay 2p.
S6 lwong tlr xung lweng cling mé ta hinh dang cua céac orbital
Céc orbital c6 hinh dang dwoc mé té dang hinh cau(l=0), dang cuc(=1),
hoac dang hinh canh hoa 4 canh(l=2).

Céc orbital con cé nhirng hinh dang phire tap hon néu nhw cac sé lwong tor
goc tré nén lén hon.
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3.S6 lwong ter tie - [T]
% MO ta orbital bén trong moét phan Iép

s c6 1 orbital
p c6 3 orbital
d c6 5 orbital
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f c6 7 orbital

M®i orbital khong chira qua 2 electron khong bao gi¢ I&n hon 2

M ciing mé ta hwéng va xac suat cé mat trong khdng gian orbital ctia cac

electron.

&
¥

Py Py Py

So db6 cho thay 3 hwdng c6 thé cha cac orbital p p,, py, p.

Céc giatri c6 thé nhan =1 ..., =2, -1, 0, +1, +2, ... +|
Nang lwong = tat ca gia tri m; ¢ clng nang luvong

Y nghia vat ly = vi tri s&p xép ctia xac suat mat do

khi | = 0, m; = 0, chi c6 mdt cach ma qué cau dwoc dinh vi s orbital.
khi =1, m=-1, 0, hoac +1, c6 3 p orbital.

khil=2,m=-2,-1, 0, +1, +2, c6 5 d orbital.

khil=3, m=-3,-2,-1, 0, +1, +2, +3, c6 7 f orbital.

4. Sé lwong tee Spin — M g
% SO lwong tr thip tw ndy mo ta spin cua electron

Cac electron trong cung mot orbital phai co spin dc‘gi nhau.
Cac spin c6 thé quay cung hay nguoc chieu kim dong ho.

% Céac qui luat chi phdi sir két hop ciia cac sb lweng tir:
Ba sb lwong tir n, |, vam déu 1a sb nguyén.

S6 lweng tir chinh (n) khoéng thé 1a zero.
nphailal, 2,3, ....
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S6 lwgng tir goc (1) co thé 1a cac sb nguyén nim gitaOvan - 1.
Néun=3,1cothé a0, 1, hoic 2.

S6 lwgng tir tir (M) c6 thé 12 bat cir b nguyén nao nim giira -l va +.
khi | = 2, mco thé nhan c&c giatri -2, -1, 0, +1, hoac +2.

S6 lwong tir spin (s) nhan cac giatri +% hoac —%.

N&ng lwgng = ca hai gia tri déu c6 cung nang lvong; tuy nhién, Nang lvong sé thap hon
neu cac electron khdng ghép déi va khéng xép cung spin va cung huéng.

Y nghia vat ly = spin

Chu y rang sb lwgng t chinh va sé lwgng tlr goc xung lwgng mai cé anh hwdng vé mat
nang lwong, néu khoang cach cua cac n la Ion hon thi khoang cach gitra cac | sé nho
h,o’n. Tuy nhién nhiéu bwédc nhé sé thanh mét bwde Ion. Mot qui !uét rat htru dung la néu
tong n+l I&n hon thi nang lveng sé Ion hon. Néu 2 gia tri cia tong n + | bang nhau thi
electron nao cd n nhé hon thi nang lvgng sé€ nho hon. Nang lvgng nhé hon sé bén hon.
Nang lwgng thap nhat la “trang thai co ban”.

Nguyén Ly loai trie Pauli:

Khéng ton tai 2 electron trong mét nguyén tlr ¢ cling cac sé lwong te.

Qui tac Hund

Céc electron sé& dién vao céac orbital tréng c6 nang lwong bang nhau, trwéc khi né dién
thém electron thr 2 néu chidng da san sang de dién cac electron.

Hba hoc lwong tur:

M0 ta cach ma cac nguyén tir két hop dé hinh thanh cac phan tir va cach ma cac phan to
twong tac véi nhau dung cac qui tac cta vat ly lwong ti.

M6t chia khéa dé hiéu héa lwong tlr 1a mot electron khéng phai 1a mét hat co ban nam
trong mét vi tri xac dinh nao do trong khong gian tham chi mot don electron co thé quay
quanh hat nhan nguyén tr tao nén thé tich cha ca nguyén t. Thay vi nght rang cac lop
electron ndm gan nhau thi nén hinh dung céc electron dwoc xép trong cac orbital gibng
nhw c4c cac gon séng trén mat hé khi ta ném mdt cuc da. Méi ddm may electron trai rong
va bao xung quanh nhan nguyén tlr va tit ca cac electron trong mét nguyén tl chju anh
hwéng tryc tiép tr hat nhan, mac di cé mot s electron chiu anh hwéng manh hon cac
electron khac. Khi ma khéng c6 di ché tréng cho cac orbital & nam gan hat nhan thi c6
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mot sb orbital tap trung xa hat nhan hon véi mat dd cao. Mot sbé sy sap xép cla cac
elelctron trong orbital On dinh hon hay bén hon cac electron khac, va cac nguyén t&r sé
twong tac dé dat dwoc sw sap xép 6n dinh nay day la co s& cho viéc hinh thanh lién két.

Mot sé vi du vé sé lwong tir
Vidul

Sap xép cac electron sau day (n, I, m;, ms) tr nang lueng cao nhat dén nang lugng thap
nhat.

2,1, 1, +1/2)
(1,0, 0, -1/2)
(4,1, -1, +1/2)
(4,2, -1, +1/2)
(3, 2, -1, +1/2)
(4,0, 0, +1/2)
(2,1, -1, +1/2)
(3,1, 0, +1/2)

ITOTMMOOw>

L&i giai

Nang Iwgng thap nhat sé c6 tng n + | thap nhat. Cac electron C va E ¢6 cling gia tri 14 5
ma E c6 n thap hon sé ¢ nang lvong thap hon. Cac electron H va F cling c6 cung gia tri
tong n +1 va H c6 nang lwgng thap hon. Céc electron A va G c6 cung gia trin va |l do vay
chung c6 cung nang lvgng

Ning lwgng thip nhit B <A = G <H < F< E < C < D Ning lwgng cao nhét

Vidu 2

Sép xép cac orbital c6 nang lwong gidam dan.

3s, 5p, 4d, 1s, 5d, 3p

L&i giai

Nhac lais 12 0, p 1a 1, vad la 2. ning lwong cé thé sép xép theo tbng n + |, do d6
3s=3,5p=6,4d=6,1s=1,5d=7,3p=4

Nang lwong cao 5d > 5p > 4d > 3p > 3s > 1s nang lwong thap

Sau khi da doc xong bai nay mo&i ban lam cac bai tap sau:

Bai 1

Diéu gi khéng &n véi cac sb lwong t (n, I, m;, ms) cla cac electron sau?

a. (2,2,0,+1/2)
b. (3,1, -1, -1/2)
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c.
d.
e.

(3,1,-2,1)
(4,0, 1, +1/2)
(+1/2, 1, 1, 1)

Bai 2 T cac electron trong vi du 1 hay tra I&i cac cau héi sau:

o SemooooTe

ITOMMOOw>

2,1, 1, +1/2)
(1,0, 0, -1/2)
(4,1, -1, +1/2)
(4,2, -1, +1/2)
(3,2, -1, +1/2)
(4,0, 0, +1/2)
(2,1, -1, +1/2)
(3,1, 0, +1/2)

Electron nao co spin khac hwéng voi cac electron con lai?
Electron nao xép trong orbital hinh cau?

Electron nao xép trong p-orbital?

Electron nao xép trong d-orbital?

Electron nao ndm xa hat nhan nguyén tlr nhat?

2 electron nao xép trong cung 1 orbital?

2 electron nao xép khac huwéng?

2 electron nao khéng thé ndm trong cling mét nguyén to
cac electron nao co6 cung nang lvong?

electron nao xép vao f-orbital?
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