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LOI NOI DAU

Do tinh triru tuong va phtic tap cia mon Hoa hoc lugng tir nén viée giang day 1i thuyét
phai gan lién voi viéc giai cac bai tap. Pé 1am duoc cac dang bai tp nguoi doc phai hiéu
that k¥ 1y thuyét va biét cach van dung né vao _tung truong hop cu thé. Cudn bai tap Nhdp
mon hod lwong tir ra d5i nham dép tng yéu cau nay.

Ciing nham giam bdt phan nao kho khan trong qua trinh giai bai tap, trong moi chuong
cua sach chung t6i lai chia lam 3 d¢€ muc:

A.  Lithuyét tom luoc
B. Baitap ap dung
C. Baitap chua co 101 gidi
Cac dang bai tap trong cac chuong cua cudn sach 1a ndi dung giang day ma cac tac

gid da st dung nhiéu ndm cho sinh vién nam thr 3 va cao hoc tai khoa Ho4, Truong Dai
hoc Khoa hoc Tu nhién - Pai hoc Quoc gia Ha Noi.

Cuon sach cua chung t61 bién soan lan dau chdc chan con nhi€u thiu sot, rat mong
cac y kien dong gdp cua doc gia dé cuon sach ngay cang tot hon.

Ha Nogi, ngay 20 thang 11 nam 2004

Céc tac gia



Chuong 1

Co so cua co hoc lwgng twr rat gon

1.1 Li thuyét tom lwoe

Li thuyét co hoc lwong tir (CHLT) xuét hién vao nira ddu cua thé ki XX da lam thay dbi
co ban quan niém vé thé gidi vi md va cé tic dong khong nho dén nhiéu nganh khoa hoc ki
thuat hién dai, trong d6 c6 hoa hoc.

CHLT dugc xay dung b?mg mot hé cac tién dé dua trén mot loat cac cong cu toan, trong
s6 d6 toan tir gitt mot vi tri quan trong.

1.1.1 Dinh nghia toan twr
Mot phép tinh nao dé can thyc hién 1én mot ham nay dé cho modt ham khac duogc goi la
toan tir. Goi A 13 toan tir tac dung 1én ham f(x) cho ham g(x) ta viét: Af(x) = g(x)
Trong s cac thudc tinh ctia toan tir thi tich ctia hai toan tir 1a quan trong nhét:
[AB]=0,tacla AB =BA; A va B giao hoan véi nhau.
[AB]=0,ticla AB # BA; A va B khong giao hoan véi nhau.
1.1.2 Toan tir tuyén tinh

Toan tir A 1a tuyén tinh néu chiing thoa mén céc diéu kién:
A(ch)=cAf
A(fi+16)=Af + Af
hoac Acify + efh) =ciAfi + A

1.1.3 Phwong trinh ham riéng va trij riéng

Phuong trinh dang: A f=af goi la phuwong trinh ham riéng, tri riéng.
& day: f1a ham riéng clia toan tir A
a la tri riéng.
— Néu &ng v6i mdi tri riéng ta c6 mot ham riéng xac dinh thi phd tri riéng thu dugc
khong bi suy bién.
Aify = afy
Asfh = arfy



— Néu ton tai mot ddy cac ham riéng khac nhau cing tmg v&i mot tri riéng a thi ta noi
pho tri riéng thu dugc bi suy bién.

Afl = af1
Afz = afz
Af, = af,

1.1.4 Hé ham trwc chuin

H¢ ham tryc giao va chuan hod két hop vdi nhau va dugc biéu dien dudi dang hé ham
truc chuan:

<fi |fj>: f fi*fjdr:8ij (denta Kronecker)
_ |Okhii=] hOtruc giao
U Mkhii=j hOchuEn ho,
1.1.5 Hé ham day da

Hé ham fi(x), fx(x) ... fu(n) duoc goi 12 hé ham dy da néu mot ham bat ki y(x) co thé
khai trién thanh chudi tuyén tinh ctia cac ham trén, nghia la:

Y(x) = cifi(x) + cofa(x) + ... + cofiu(n) = > “gfi (x)
i=1

¢i - hé so khai trién;

f; - hé ham co s6.
1.1.6 Toan tir Hermite

Toan tir A duoc goi 13 toan tir Hermite hay toan tir lién hop néu chung thoa mén diéu
kién:

(fAt) = (o)
hay fg*Afdc:fA*g*fdr
Toan tir tuyén tinh Hermite c¢6 2 thudc tinh quan trong 1a:
— Tét ca céc tri riéng cla toan tir Hermite déu 1a nhiing s6 thuc.

— Nhitng ham riéng cta toan tor Hermite tuong trng véi nhiing tri riéng khéc nhau 1ap
thanh mo§t h¢ ham tryc giao

1.1.7 H@ tién dé

— Tién dé 1. Ham song



Mai trang thai cua mot hé lugng tir déu duoc dic trung dﬁy du bf?mg mot ham xac dinh
y(q,t), néi chung la ham phirc. Ham (q,t) goi la ham séng hay ham trang thai cua hé.
Tir ham y(q,?) ta nhén théy:
e Ham song ndi chung la ham phuc, don tri, hitu han, lién tuc, kha vi
 Moi thong tin can thiét vé hé déu suy ra tir ham nay.
° ‘ \|1(q,t)2 | = ‘ (A ‘ chi mat d6 xéac suét cua hé vi hat tai toa do q va thoi diém t. Vay xac
suat tim thay hat la:
do = ‘ w(q,t) | 2dt;
dt = dv = dxdydz
e Diéu kién chudn hoa ctia ham y(q,t):

f |\u|2 dt=1
o0
e Ham séng y(q,t) thoa mén nguyén li chdng chat trang thai, hay ham nay 1ap thanh mot
t6 hop tuyén tinh:
n
Y= C1f1 + szz + C3f3 + ...+ Cnfn = qui
i=1
— Tién dé 2. Toan tir
Trong co hoc luong tir, ing voi mdi dai lugng vat 1i 12 mot toan tir tuyén tinh Hermite.

Liét ké mot so toan tir quan trong thuwong hay sir dung

Pai lvong Toan tl twong ng
Toaddx,y,z )li:X:}A’:y;z:
N o . . 0
Py =—ih—; Py =—|h2 i Py =—ih—
OX oy 0z
DPoéng lwgng thanh phan py, p=—ih 9,0 i] =_ihv
Oy, P 0 gy 0z
a2 _ 22
P = Pct Py* Pz pT=-n7v
2 2 2
V2= 4 + 6’—+ 8_ Toan tir Laplace

Ox? 6y2 v

I\/Ix =—ih (yﬁz _Zﬁy)
Momen déng lwgng thanh

A |\7|y=—ih(zﬁx—xﬁz)
phan My, My, M,

=

Momen déng lwong M z =—in (x Py —¥YPx)

712 _ 12 12 12
M? = M5 + My + M;
Thé nang U(x, v, z) U-=u
2 2
A /)
DéngnéngT=p— T=-—V°
2m 2m




Nang lwuong E=T + U H=-—Vv?+U

h2
2m

Toan tir spin thanh phan va spin binh phuong:

~ _h(0 N o a0 —i). & _n{1 O
SX210’V2io’SZ 2[0—1]
2 _ a2 L a2, a2 30210

AR 4[01]

— Tién dé 3. Phuong trinh Schrirdinger

Trong co hoc lugng tr, su bién doi trang thai ctia hé vi mod theo toa d§ dugc xac dinh
bdi phuong trinh:

Hy(q) =Ev(q)

y(q)- ham song chi phu thudc toa do goi la ham song & trang thai dung.

Phuong trinh Schrirdinger 13 phuong trinh vi phan tuyén tinh thudn nhat nén cac nghiém
doc lap fi, f2,... cling 1ap thanh mdt nghiém chung dudi dang to hop tuyén tinh:

v =cif] +cfy + ... +cpfy

Néu y da chuan hoa thi:

n
cilt el "+...+ eyl = cl® =1
lei 2+ [ e, lcal? il
i=1

— Tién @é 4. Tri riéng va tri trung binh
Nhitng gia tri do ludng mot dai lwong vat 1i A chi c6 thé 1a phd céc tri riéng a, cta toan
tir tuyén tinh Hermite A twong tmg theo phuong trinh tri riéng & thoi diém t.
A Wn = anYn
Néu ham w, khong tring v&i bt ky ham riéng nao thi dai luong vat li A van c6 thé
nhan mdt trong nhiing gia tri a;, a, as, ... , a,. Trong trudng hgp nay, dai lugng A khong xéc
dinh, n6 chi c6 thé xac dinh béng tri trung binh a theo h¢ thuc:

3 =< a >= <\Vn| A‘Vn> _ f\V;A\VndT
<‘|’n| \lfn> f W;\Vndr

1.1.8 Diéu ki¢n dé hai dai hrong vat li c6 gia tri dong thoi xac dinh & cing mgt
trang thai

Diéu kién can va du dé hai dai lugng vat li c6 gia tri xac dinh déng thoi ¢ cung mot
trang thai 1a nhitng toan tir cia chiing phai giao hoan.
Nguyén li bt dinh Heisenberg 1a mot vi du vé dong luong lién hop chinh tic véi toa do
khong dong thoi xac dinh.



2p, —p,2=ih

Mot s6 hé thirc giao hoan thuong gap:

[M,, My]1=inM,
[My, M,]=in M,
[M,, M, ]=inM,
[M?, My ]=[M?, M, ]=[M? M,]=0
(S §1=inS,
(S, S, 1=inS
(S, §1=inS,

1.1.9 M@t s6 biéu thirc can ghi nhé

e Dinh luat Planck vé sy luong tir hod ning luong dong photon.
E, = nhv; véin=1,2,3..
¢ Hi¢u irng quang di¢n:

hv = hv, + 1 mv?
2

trong do: Vv - tan s0 anh sang toi;
Vo, - tan sO ngudng quang dién.
¢ Hi¢u ung Compton:

A =A=o= - (1—cos8) =2-" in? 2,
mcC mcC

trong do: Ao - budc song toi ban dﬁu;
A - budc song khuéch tan;
AN - @6 ting bude song A cua photon khuéch tan.
e H¢ thuc de Broglie voi ludng tinh song - hat cua photon:
=1
mc

Khi m¢ rdng cho bét ki hé vi hat nao:



}\,:—:—
mv p

e Néu electron chuyén dong trong mot dién trudng véi hidu dién thé 1a U von thi:

A = h
vOi: m - khéi luong hat;
q - dién tich hat;
h=6,62.10"* J.s 1a hing sb Planck.
e Hé thirc bit dinh Heisenberg:
AXApx = 7
/]
hay: AxXAvy, > —
ay XAV -
voi: h= h_ 1,05.10* Is 1a hing s6 Planck rit gon;

2n
Ax - d0 bat dinh vé toa do theo phuong x;
Apy - 46 bat dinh vé dong luong theo phuong x;
Avy - d0 bat dinh vé van toc theo phuong x.

e Su 4p dung CHLT vao mot s6 hé luong tir cu thé s& duoc dé cap ¢ cac chuong tiép
theo.

1.2 Bai tap ap dung

1.  Thuyc hién cac phép tinh sau day:

. . g2
a A(2x), A= —
) ( ) dx?
2
.y » d
N 3 A_d
c) A(xy) A_—dy
A ([ Aikx Ao .. d
d) A(e ) A= —in
Tra loi
R d? d
A(2X)=——(2x)= —(2)=0
0 A== S
2
A2y dT 2 d 2 2
b) A(x)f d7x +2&x +3x

= 2 + 4x + 3%°
O A= o]0
O A)=in (o) = iZknd —kne



2. Hoi cac toan tir cho dudi ddy co phai 1a toan tir tuyén tinh hay khong?
a) Af(x)=F(x) ma f(x)=cfy (x)+ofp(x)
b) Af(x)=x2f(x) ma f(x)=cfy(x)+cf(X)
c) Af(x)=If(x ]2 ma  f(x)=cfy(x)+Cofp (x)

Tra loi
a) Af(x (Jcm +fp (x ) = Jerfy (x) +feofy (%)
= A khong phai 1a toan tir tuyén tinh.
b) Af(x)=x(cfy (x) + Cofp (X)) = x2cyfy (x) + xP05fp ()
= %2 (o1fy (x) + Cafy (x))
= A la toan tur tuyén tinh.
¢) Af(x)=(cfy (x)+02f2(x))2
(<>12f1 +6312 (x)+2¢1G,fy (x)F, (X))

= ¢ifZ (X) + c,fZ (x)
= A 1a khong phai 14 toan tir tuyén tinh.

n

3.  Chung minh ring €** 13 ham riéng cta toan tir
dx

la bao nhiéu?

Tra loi

d" s o ~x 1 1A ,
- do6i véi ham e s€ ¢ két qua sau:

Ta thuc hi¢n phép dao ham p
X

dn
——e™ =a'e
dx

axX

n

Vay e 1a ham riéng cta toan tu vatri riéng la o" .

dx"

4. Cho f(x)=e""*1a ham riéng cta todn tir p, . Hay tim trj riéng bang bao nhiéu?

Tra loi
Thuc hién phép p,f(x) ta co: —ih;—x(eikx) = —i%kne'** = kne'**
Tririéng 1a kh.
5.  Chotoan tir A = (;j_x’ B = x? va f(x). Hay ching minh:
a) A% (x)=[Af (x|
b) Aéf(x) = éAf(x)

Tra loi

10

d —. Tri riéng trong trudng hop nay
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A A 2
O
“ 2 d 2 df 2 d2f
[Af (X)} - d_xf(x) = d_XJ i?

b) Aéf(x):;—x(xz)f:2xf(x)+xzj—i

~ A d df

BAf(x) = x?—(f)=x?—

(x)=x" () =x"

Nhu thé: ABf (x)= BAf (x) hay A & B khong giao hoan véi nhau.

6.  Hiy xéac dinh ham g(x) thu duoc khi cho toan tir U tac dung 1én ham f(x) trong cic

truong hop dudi day:
a) 0d=Xx; f(x) = e
b) a=9. flx)= e X
dx
c) 0 =i (toan tir nghich dao); f(x) =x*—3x + 5
d) 0 =3¢, (toan tir quay quanh truc z mot goc bang 90°);

f(X’ Y, Z) =Xy —XZ + yz
Tra loi
Theo dinh nghia vé toan tir ta c¢6: @ f(x) = g(x)

a) Néu o =x va f(x) = e ta viét: x.e ™% = g(x)
b) Néu o = di ; f(x) = e thi toan tit g(x) c6 dang:
X
9 ey =—2xe ™ = g(x)
dx
¢) Khi G = i 14 toan tir nghich dao thi c6 nghia cac truc toa d6 dugc chuyén tr x sang —

X; y sang —y. Vay:
f(x2—3x+5)=xz+3x+5=g(x)
d) Toan tir ¢, quay quanh truc z theo mét goc bang 90°, cé nghia la x > y; y = —x va
z — z. Nhu vay:
Gfx,y,z) =—yx —yz—xz = g(x).

7. Chotoantlr X =xva 0 = di’ hay xac dinh ham song méi thu dugc khi thuc hién
X

phép nhan toan tir cho cac truong hop sau:

a) Xa; b) a x
Biét ham f(x) = e " .
Trd 16i

Chung ta thuc hién phép nhan hai toan tir véi nhau theo tinh chét cua ching s& dan dén
ham s6 madi. Qua vay.
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a) % 0 f(x) = x% [f(x)] = x % (e
—x(-2xe ¥ )=—2xe X = g(x)
b) a % f(x) = %X[f(x)] = %(x )

=xi(e_"2 )+ e 9
dx dx

2 2
= 2x*e X + X

=(1-2)e ™ = g(x)

’ 2 ~ 2
8. Biét f(x) = e/ 1a ham riéng cia toan tir h = [x2 —d—z} Hay xac dinh tri riéng
dx
khi thuc hién phép h f(x).
Tra loi
~ 2 2 2
A f(x) = | x2 _d (612) =2 X2 _ d|d efx2/2)
dx? dx |dx
: , d?
Thuc hi¢n phép lay dao ham — taco:
dx
2 2 2 2
—lexi2_d (—xe X2y =x2e X2 4 i(x.e*)‘ 12y
dx dx
=x2.e*X2’2 4 efx2/2 —x.xe*XZ’Z
hay: —x2 e X2 4 g2 _y2 X2
_ efx2/2.
~ 2 2
Nhu vay: heX/2=+1.e%/2

RO rang tri riéng thu dugc 1a +1.

9.  Hiy chung minh céc toan tir dudi day 1a toan tir tuyén tinh:

d d"n
a) ™ C) d7
d d 2
b) |[—+— d \Y
) dx+dy] )
Tra loi

Theo dinh nghia cta toan tir tuyén tinh ta co:

d df df
a —(cifi+cfh)=c—L +¢,—2
) dx(11 212) 1dx 2dx

Vay di 14 todn tir tuyén tinh,
X
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b) 14_1 (lel +sz2)= Cl% —{—02% +C1% +C2£
dx dy dx dx dy dy
Ao ldd) gy £ o
Vay |—+—| la toan tur tuyén tinh.

dx dy
d" d|d|d
c) — (cifi + cofy) = — {—|—...|} (cif] + cof:
)dxn(ll of2) dx{dxdx }(11 of2)

=C i i i f1 + 02i i i f2
dx |dx|dx dx |dx|dx
Thuc hién cac phép dao ham ta thu duoc két qua thoa man diéu kién tuyén tinh. Vay
n

toan tu d—n 14 toan tir tuyén tinh,
dx

2 2 2
d) Vi= d—2 + d—2 + 4 1a todn tir Laplace.
dx?>  dy? dZ
Thuec hién phép tinh V2(cif; + cofy) ta co:
? | d® | d?
— + — + —|(cifi + cofz)
dx®  dy? dz2]

d? d? d?
hay 5 (C]f] + szz) + 5 (C]f] + szz) + —2(C1f1 + szz)
dx dy dz

o, I
dx?

d’,  d%,

+ +
dy2 © dy2

+

q¥ﬁ+%¥Q
i ©dZ
Két qua thu dugc thoa man dinh nghia vé toan tir tuyén tinh. VAy toan ttr Laplace 13 toan tir
tuyén tinh.
10. Cho toan tir A = — idi (i = ¥=1). Hiy chimg minh toan tir A 1a Hermite. Biét x
X
nam trong (— oo , + o).

Tra loi

NéuA=-14 thi A" =14
dx dx

+00
Theo dinh nghia vé toan tir Hermite ta co: f g Afdr

ap dung cho truong hop A =—idi
X
ta viét: —1fg &dx=—1fgdf.

b

b
Theo phép tich phén tirng phan — f udv| ta co:
a
a

fvdu = uv

a
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—“+00
-i [ g df = —igf

+o0 00 .
+ i f fdg
. g
Khi x = + o0, cac ham fva g~ déu tién t6i 0. Do vay biéu thirc — igf = 0.

Cuoi cung ta viét:

[ ¢ Afax=i [ fdg*ziff‘jjixdxz ff[i;—xg*

m ~ ok 3k
dx = f fA g dx
-0
So sanh két qua thu dugc véi biéu thirc ban dau, toan tir A= — idi 1a toan tr Hermite.
X
11. Cho toan tr A 1a Hermite. Néu nhan toan tr A véi mot sd thuc ¢ thi cA ¢o phai 1a
todn tir Hermite hay khong ?

Tra loi
Tir dinh nghia vé toan tir Hermite ta c6:

f g Afdx = f fA g dx
Nhan 2 vé cua biéu thirc nay véi ¢ 1a s6 thue (c = ¢) s& co:
cfg*A fdx=c*ffA*g*dX hay
f g'(cA)fdx = f f(c"ANg dx
f g'B fdx= f (B g dx
Biéu thirc cudi cung thu dugc chird B = cA 1a Hermite.
12. Cho A va B 1a hai toan tor Hermite. Hiy chimg minh tong A + B ciing 1a Hermite?
Tra loi
Theo dau bai va tir tinh cht cua todn tir ta co thé viét:
fg*(A+é) fdx = fg*Afdx+ fg*é f dx
= ffA*g* dx + ff B g Bdx
= ff(A* +B7) g dx
So sanh biéu thic cudi cling véi biéu thirc dau tién 16 rang téng (A + B) ciing
la Hermite.
13. Biét A va B la nhing toan tor Hermite, chimg minh tich A B ciing 1a Hermite néu
A va B giao hoan véi nhau.
Trd loi
Tir gia thiét ban dau ta viét: f g ABfdx= f g A(Bf)dx
Mait khac do A 1a toan tir Hermite nén :

[ g ABhHdx=[(BHA"g dx
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va ciing do B 1a toan tir Hermite nén:

f(éf)A*g*dx= ffé*(A*g*)dx
Chung ta lai biét AB=BA nén:

f fB (A"g")dx = f fA B g dx
Két qua nay chi rd tich A B 13 toan tir Hermite.

14. Hay chiing minh nhitng ham sau day ham nao 14 ham riéng cia toan tir di )
X

a) et c) k e) e &
b) coskx d) kx
Trong tung trudong hop trén hady chi rd céc tri riéng tuong ung.

Tra loi
Phuong trinh ham riéng, tri riéng c6 dang: Ay = ay
ap dung cho timg truong hop ta c6 cac két qua sau:
a) di (e™) = ike™. Nhu thé ham ™ 13 ham riéng cta toan tir di va tri riéng twong g
X X
la ik.

b) di(cos kx) = — ksinkx. ¢ truong hop nay ham coskx khong phai 1a ham riéng cia
X

toan tu i
dx
c) di (k) = 0. k khong phai 13 ham riéng.
X
d) di (kx) =k. kx khong phai 1a ham riéng.
X
d 7aX2 _ 73)(2 \ 73)(2 ~ A ISP \ LN 5 r , d
e) d—(e ) = —2axe . Ham e cling khong phai 1a ham riéng cia toan ti ™
X X

bai vi 2ax khong phai 14 hang sb.
15. Xac dinh gia tri trung binh cia dong luong tuyén tinh hinh chiéu p, dugc mé ta
bang cac ham song sau day:
a) e ; b) coskx ; c) e
Trd loi
Toan tir dong luong tuyén tinh theo phuong x c¢6 dang:
R .. d
Px dx
Gi4 tri trung binh cua p, duoc xac dinh bang biéu thirc:

_ f ¥ Peydx
< Px > —f\u*\udx
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f\y [ —in "’]d —ihf\y* [Z;':]dx

[ v wex [ v wex
ap dung cho tl‘mg truong hop:
a) Yy =e— Z\V = ike™ = iky
X

e LA
(P Torves

b) Yy = coskx —> 3— = — ksinkx ;

X

v, = coskx

o0

[ v ‘;"’ dx = f coskx(—ksinkx)dx

=—k f coskxsinkxdx =0

Vay ( px ) =0
0) RS N ‘;_‘)‘(’ — _Jaxe
(p)  ~[v¥a
- 7 e (—2axe ™" )dx
=—2a7’ xe 2 4x
~0 -

1/2
16. Cho ham song f, (x) = [—] sin-“x v6i 0<x <a mo ta chuyén dong cia electron
a a
trong giéng thé mot chiéu. Hay chirng minh hé thuc: <E2> - (E)2 =0.

Tra loi
Khi electron chuyén dong trong giéng thé mot chiéu thi u(x)=0, toén tir ning lugng c6 dang:
. 2 42
S
2m dx?
Ning luong trung binh (E) duoc tinh theo bicu thirc sau:



a

(E)= ff,f (x)Hf, (x)dx. Thay fu(x) vao ta co:

0
a ,\1/2 2 2 1/2
(E):f[g] sin 1™ e dr [g sin 2™ 4x
08 a | 2mgx?|la a
72 nmx d2 nmx
=——— S| dx
a2m a dx?2 a
2m s . nnx d nnx
=———— [ sin———cos——dx
a2m a 0 a dx a
2 a
:_2 fi nn —nn]fsinnnxsinnnxdx
a2m a | a 0 a a
2 2a
:h—n—7t fsinz—dnnx X
mal a a
0
2 2, a
:h_[n_ﬂ: lf[1+w32nnx}jx
mal a 20 a
2 2 a a
:h_n_n l[fdx+fcoszrmxdx
ma 2 a
0 0
2 nn21 a . 2nn P
=—|—| —[x+—sin—=x
ma 2 2nn a |
2 2
A< (nm)™ 1
=—|—| =la+0-0
ma 2[ )]
_#*(nm)®a_ #%n’e 1
mala) 2 m g2 2
2 2 2
= hz 'nzn_zl:n2 " 2
47°m a‘ 2 8ma

Dbi voi trudng hop <E2> ta cling tinh tuong tu:

(%)

Il
—
S x
—~
x
N
T
N
—h
=}
—
x
S——

0
1/2
jZ . nnx| K| d? 21/2 nmx
= ||=| sin—|—|—| |=| sin—=dx
08 a | 2m|dx?| la a
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Thuc hién phép dao ham 4 1an ta co:

<E2> 2 asinnnx d?
aam? 0 a |dx?

d2

sin dx
dx?

_2h4

a4m?

nTC
a

nmx d2 . nnx
fsm sin
a dx a

2 2

nrw
a4m?

2@ NnmX
— fsinz—dx
a a

_ 2.t
a 4m?

nrw

2 [n_nr'g_ h* n%z? o h*
asam?la) 2 161* 4m2a* 64m?2a*

Vay <E2> =

2
2 h?

8ma

2

So sanh véi két qua tinh duoc cho (E), ta co: <E2>—<E>2 —=0. D6 1a didu can ching
minh.
17. Cho ham séng mo ta trang thai cia mdt vi hat c6 dang:
v = (cosy)e* ikx
& day y 1a tham sé. Hay:

a) Cho biét trj riéng cta toan tir py va biéu thirc ham riéng mo ta toan trang thai ctia hé
khao sat

+ (siny)e”

b) Viét dang ham song v trén day néu xac suit tim thdy vi hat dat duoc 90% tmg véi py
= +k#. Biét ¢** 14 ham riéng cia toan tir p, .

Tra loi
Theo dau bai: \|f(c0sx)eikX + (siny)e” il
R .. d
=—1h—.
Px dx

ap dung phuong trinh ham riéng tri riéng ta co:
a) pyi=—ih ;'—X (") = — inike™ = kn(e)
+ k7 1a tri riéng cua p, .
B W2 =—ih f_x(e—ik") = _in(= ik)e™ = — k(™)
—kn 1a tri riéng cua p, .
Theo tién dé 1 ctia co hoc luong tir thi:

ik ik
\V — (COSX)GI X 1KX
= 1™ + coe ™ ciing 1a ham riéng mo ta trang thai ctia hé vi hat.

+ (siny)e” hay
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b) Dé viét dang ham séng cu thé, ta lai biét xac suit tim théy vi hat la:
pi=c= c052X =0,90 — cosy =0,95
p2= & =sin*y = 0,10 —> siny =+ 0,32
Vay y =0,95¢" + 0,32 ¢ ™™
18. Biét toan tur tuyén tinh A ang voi tri riéng duy nhit a c¢6 k ham riéng fi, f, ... fi, hdy
ching minh rang bat ctr t6 hop tuyén tinh nao cua cac ham riéng néi trén ciling la
ham riéng cud todn tir A Ung vdi tri riéng a.
Tra loi
Pé tién loi cho cach giai ta xét trudng hop ham riéng suy bién bac 2.

Theo gia thiét ban dau ta co:

Af = af;
)
Af,=af,
2)
Ta nhan lan lugt phuong trinh (1) voi ¢; va (2) voi c;
¢ Af) = ciaf|
e Afl = coaf)

CiAf + A = cjaf] + crah
Vi A 12 toan tir tuyén tinh nén ta viét:
A(cify + cofh) = a (cif) + cofy) (3)
t6 hop (c}fl + ¢,f5) & phuong trinh (3) 1a ham riéng cia toan tir tuyén tinh A mg véi tri riéng
a duy nhat.

Tir két qua thu duoc ctia bai toan ndy ta suy rong cho cac trudng hop khong c6 suy bién,
nghia 12‘1, ung voi cac ham fj, ... cd céc tri riéng aj;, a;... khac nhau. Trong truong hop nay ta
nhan thay:

A (cif) + cofy) = ajeify + axeofy 4)

Do a; # a, nén to hop c¢f; + cof; khong 1a ham riéng cuia toan tir A.

19. Hay chimg minh cic tri riéng cta toan tir Hermite déu 1a nhimg s6 thuec.
Trd loi
Xuét phat tir phuong trinh trj riéng ta viét:

Afi=af
(1)
Lay lién hop phirc hai vé ctia phuong trinh (1) s& 1a:
A*fj* = a; f;

(2)
Nhéan (1) v6i fj* va lay tich phén ta duoc:
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[ 1 Afidx=a [ f fidx 3)
Mot cach twong tu nhan (2) vai fi:
[ AT dx=aj [ f fidx (4)

Do A 1a toan tir Hermite nén tir (3) va (4) dan dén:
ajffj* fidx = a;ffj* f; dx

hay aj= a; . D6 1a diéu can ching minh.

Bai toan nay ciing c6 thé biéu dién dudi dang tich v6 hudng.
Af=afi— ( 1A )=( f lafi )=a( [ ) (1)
A=afi—>( Al )=(aflf)=a( flf) (2%)

So sanh ham (1) va (2’) rd rang a; = a; .
20. Nhiing ham riéng ctia mot toan tr Hermite A g Yéi nhitng tri riéng khac nhau sé
1ap thanh mot h¢é ham tryc giao. Hay chiing minh diéu nay.
Trd loi
Got fj va fi 1a hai ham riéng bat ki ctia toan tir A (mg voi hai tri riéng aj va a khac nhau
(aj # ax) ta phai ching minh f t}f; dx = 0. Qua vdy, theo gia thiét ta co:

Afi=a;f
(1)
nhan (1) véi f, va lay tich phén ta cé:
[ fc Afidx=a; [ f, fidx (2)

Véi ham riéng fi cta toan tir A, phuong trinh tri riéng c6 dang:
Afi=acfi  hay lién hop c6 dang:

A'f, =af,
(3)

nhén (3) véi f; va 1y tich phan ta cé:
[ A fedx = a [ fi fidx (4)
Trir (3) v6i (4) ta c6 biéu thirc sau:
[ fAfidx— [fA fedx=(a - a) [ fi fidx (5)
Do A 1a Hermite nén vé trai ctia (5) bang 0
(& — &) [ fifidx =0; (aj—ag)#0
nén f f fidx = 0. Diéu nay c6 nghia ham riéng fi va f; truc giao v6i nhau.
(Poc gia co thé biéu dién bai toan nay dudi dang tich vo hudng).
21. Cho ham f'= cosax.cosby.coscz, hay:

a) Ching minh ham da cho 12 ham riéng cta toan tir Laplace V2,
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b) Tim tri riéng tuong Gng v41 ham riéng f.
Tra loi
a) Toan tir Laplace c6 dang V> = d—22 + d—22 + i
dx>  dy? dZ
Ta thuc hién phép tinh ctia phuong trinh tri riéng:
Af=af
Thuc viy:  V*f=kfhay

d?  d* | d?
— t—t— cosax.cosby.coscz =
dx© dy° dz
d? d? d?
— (cosax.cosby.coscz) + — (cosax.cosby.coscz) + — (cosax.cosby.coscz)
d dz

dx

Ta thyc hién phép léy dao ham bac 2 theo x, y va z s& dan t&i Kkét qua.

2

dd_2 (cosax.cosby.coscz) = — a*(cosax.cosby.coscz) = — a’f

X

d? 2
2 (cosax.cosby.coscz) = — b*(cosax.cosby.coscz) = — b*f

y

d? 2
— (cosax cosby.coscz) = — ¢*(cosax.cosby.coscz) = — ¢*f
dz?

O ;L 1eR , > d? d 2
Cudi cung ta co6 biéu thuc: —+t— f=—(a’+ b+ cHf
dx dy dz

Biéu thirc cudi cting da chi rd ham f chinh 12 ham riéng cua toan tir Laplace.
b) Ciing tir biéu thire thu dugc gia tri —(a® + b>+ ¢?) 1a trj riéng cta toan tir Laplace trong hé
toa dd Descartes.
22. Hay chung minh ham f; = sinZx va f>= cos=x la truc giao trong khoang xac dinh 0
a a
<x<a.
Trd loi
Theo diéu kién truc giao [ f; f; dv =0.

Xét cho hai ham f; va £, ta co:

a a

. T T
f flfdeZf sin—x.cos — xdx
0 5 a a

I\JI—\

a
f s1n Tx.cos X de
0

Do 2 sin0.cosO = sin20 nén ta viét:

1 9 1 a) 2
5 f sin 2 g XdXZE l[——}cos—ﬂx

=-21-n=0
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Vay f] va f, 1a hai ham tryc giao v6i nhau.
23. Cho toan tir A va B 1a tuyén tinh va Hermite. Hiy ching minh rang khi 2 toan tir
nay giao hodn voi nhau thi chung c¢6 cung ham riéng f.

Tra loi

Dang tong quat ciia phuong trinh ham riéng va tri riéng la:
Af=af

(D .

Nhan trai hai vé cia (1) voi B ta co:

BAf=Baf=aBf

(2)

Do A va B giao hoan véi nhau nén ta c¢6 hé thirc:
i ABf=BAf=A(Bf)= Abf=bAf (3)
Twr (2) va (3) dan toi
A(Bf)=a(Bf)

) A A
Phuong trinh (4) chung té B fla ham riéng cua toan tor A.
Tadit Bf=f séco: Af=af (5)

Nhu vy fva f déu 1 ham riéng cua toan tir A (mg véi tri riéng a.
Mit khac ta lai biét: f = hing s6 *f nén B f = hing s6 *f = bf. Vay f1a ham riéng cua toan tir
A ciing 1a ham riéng ciia toan tir B. D6 1a diéu can chimg minh.
24. Toén tir dong luong thanh phan theo phuong x ¢6 dang p, = — i di Tur gid tri nay
X
hay tim ham riéng Wy, va cho biét y nghia cua no.

Tra loi
Dé xéac dinh ham riéng ypy ta ap dung phuong trinh tri riéng:

Px W=Px ¥
¢ day v 1a ham riéng va py 1a tri riéng cta p, . Thay gia tri p, ta co:
.o dy dy _ i
—1h— = X h - T Px
, e PV oY
Lay tich phan bi€u thirc s€ dan dén két qua:
dy i
="y [d
Iny = Igpxx + InA
i
i —P, x
nY =Ly h YV _en *
n th ay N

Lo . - —P, x
Cudi cung ham riéng W, = A.e’

X

Day chinh 12 ham riéng cua toan tir p, va nd ton tai véi moi gid tri thuc ciia py. Cac gid tri px
1ap thanh mot pho lién tuc va c6 thé co nhimng gia tri lién tuc bat ki.
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25. Cho biét toan tir mdmen dong lugng hinh chiéu theo phuong z 1a M, =—i# d . Hay

¢
xac dinh ham riéng cla toan tir ndy va cho biét cac gia tri kha di (tri riéng) cla toan
tr M,.
Tra loi
Giai bai todn ny ta cling sir dung phuong trinh tri riéng: M, ¢ = Mz9.
& day ¢ 1a ham riéng va My 1 tri riéng ctia toan tir M, . Phuong trinh trén c6 dang:
—in % =My (1)
de
Mat khac, ta dat Mz = m#a véi gia tri m chua biét:
—in 9 —mng hay —i9%® =m¢.
do do
A . A~ do _ .
Lay tich phan s& co6: — =1im | do (2)
[ =imf
In ¢ =imo + InA hoac
ln% =im¢@ hay h=A.e™

3)
¢ chinh 12 ham riéng clia toan tir M, . Ham riéng ¢ phai 1a don tri nén ¢(¢) = ¢(2n + ¢). Tur
day ta viét:

A. M= A MO = A M0 gimT (4)
hay eierr =1

(5)
St dung hé thirc Euler €' = cos + isin ¢ cho trudng hop trén ta co:

¢™" = cos2m + isin27m = 1 (6)

Vé phai cua (6) 1a s6 thuc nén vé trai cling phai thuc, nhu thé s hang isin2m phai triét ti€u,
nghia la:
sin2tm = 0 = sinkn

2nm = kn
k=0, + 1, + 2... nguyén s& dan dén
m= g =0,+ %,i I, g,iZ...nguyén hay ban nguyén (7)

Mat khac tir (6) ta lai co:
cos2rtm = 1 = cos2kn

2nm = 2Kk7
k=0,+1,+2 ... nguyén s& dan dén
m=k=0,%1,+2,+3 ... nguyén (8)

Két hop diéu kién (7) va (8) thi m bét budc phai 13 s6 nguyén. Nhu vay khi M, = m# thi m chi
¢6 thé nhan cac gia tri gian doan.

M,=0n,%+1h,£2n,+ 3h... nghia la M, 1ap thanh phé tri riéng gidn doan. No6i cach khac M,
da dugc luong tir hoa.

26. 26. Cho ham y duoc khai trién dudi dang t6 hop tuyén tinh (theo nguyén li chong

n
chattrang thdi). v = cifi + eofy + e:fy + .. + cofi=> cifi. Hay ching minh &
i—1
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trang thai ham séng y mo ta hé luong tir co tong binh phuong modun hé sb khai
trién bang don vi, biét rang cac ham song déu chuan hoa.

Tra loi

Theo dau baitaco:  y=>»" cf; (1)
i

Ham lién hop phirc léz\y*zz c} fj* (2)

j
Do céac ham song da chuan hoa nén:

f\V\V*dX:Z > cic;J. fj*fidx
i i
ZZ Z C; CiSijzl
i j

0 khi i = j
3ij—<l1 Khii—
=]

Vay > |ci‘2= 1. B6 1a diéu can chimg minh.

27. Xuét phat tir phuong trinh chinh tic cua co hoc luong tir: i = Hy voi y(q,t),

Oy

ot
hay:

a) Thiét 1ap phuong trinh Schrirdinger & trang thai dimg voi ¢(q).

b) Cho biét y nghia ctia ham ¢(q) trong phuong trinh vira x4c 14p & ciu (a).

Tra loi
a) Phuong trinh Schrirdinger phuy thudc thoi gian c6 dang:
.. Oy _ A
n 2 =H
in )
(1)

Ham w(q,t) co thé phan tich thanh hai thira sb: mot thira s chi phy thudc vao toa do ¢(q) va
mot chi phu thudc vao thoi gian f(t):
Y(q,0=9(A(t)
(2)
\ , .. 0 -
Thay (2) vao (1) ta co: ih - [O@HD] = H{6(@HD)]
Do H khong tac dung 1én f(t) nén ta co:
. df(t -
ino(@ T = f0f o)

1 dit) _ Heta) )
(t) dt o(q)

Vi hai vé ctia phuong trinh (3) phu thudc vao 2 bién sé q va t khac nhau nén chung chi c¢6 thé
nghiém dung khi ca 2 vé bang mot hang sd. Ta goi hang sé d6 1a E. Luc nay phuong trinh (3)
dugc tach thanh hai phuwong trinh va mdi phwong trinh chi phu thugcvao mot bién sb. Tir (3)

ta co:

in —= =E hay
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df(t)

att) _ 1 gy
f(t h
(4) A
va Ho(a) _ E hay
¢(q)
H d(q) = Ed(q)
(5)

Phuong trinh (5) chinh la phuong trinh Schrirdinger & trang thai dung véi ham ¢(q). D6 chinh
13 phuong trinh ham riéng, tri riéng rat hay gip trong cac bai toan ctia hod luong tir.
b) Pé tim y nghia cta ham ¢(q), trudc hét ta giai phuong trinh (4) dé xac dinh ham f(t). Qua

vay: % ———Ef dt

Inf(t) = —‘% Et+ Inc
gt
Inf(t)=lne b +1Inc

et
f(t) =c.eh

et
Ham day du c6 dang: w(q,) = ¢(q)c.e o =d¢(q)e " (6)
Ta khong can xét hé s6 ¢ vi ham séng trong co hoc lugng tir dugc xac dinh dén mot hang s6

tuy y.

V(@ =o'@e"
(7

¥ nghia ctia ham séng duogc biéu dién thong qua hé thirc:
[y @nl?= Tyl
o . = . 5
Qua viy: vl =d@e o @er =d@d@=lo@]>
Nhu vay ¢ trang thai dirng, mat d§ xac suat c6 mat cua vi hat tai mot vi tri nao do6 trong khong
gian khong phu thudc vao thoi gian va c6 gid tri bang | o(q) 2,

28. Cho ham séng y = ¢**cosA + ¢ “sinB, A va B 1a cac hing sd, hdy xac dinh gia tri
d6ng nang trung binh cta vi hat dwoc mé ta bang ham song da cho.
Trd loi
Toan tor dong nang cd dang sau:
T=P -2 ¢ (theo phuong x)
dx

ap dung gia tri trung binh cia mot dai luong co hoc ta viét:
i T ydr
(T)=

f\u*\vdr
Thay gi4 tri ham song y d cho ta ¢ biéu thuc:
f i d? (eikx cosA +e KX sin B)dr
v S 2m dx?

<T>: f\ll*\lldT
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Khai trién tir s ta dugc:
2 _ .
447]‘q,[uk)zékxcosA-+(-4k)2e-mxsn18 dt
(1) = :
f v ydt

2 . .
4471’\y (i’k2e™** cos A + i%k?e **sin B)dt

- f\v*\vdr

—Z—f v (—k?)(e™* cosA + e X sinB)dt
- f\v*\vdr

2,2 _ .

h2r|; f v (¥ cosA + e KX sinB)dr
- f\v*\vdr

12k 2 ,
 om f v ydr B 72K 2

f\u*\vdr 2m

29. Duya vao giao hoan tir AB-BA hay xac dinh cac gia tri thu dugc cua toan tir A va
B cho cac trudng hop sau day:

a) A=i; B3 =X

dx
b) A:i; B=x"

dx

~ 1 . R - 1 . .
C A=—=(x+1p,); B=—4(Xx—-1p
) &( x) 2( x)
d

Vo1 X =xva =—1h—

Px dx
Tra loi

a) Theo thong ¢, mubn xéac dinh cac gia tri cu thé AB — B A ta lan luot thay cac biéu thirc
toan tur da cho va tién hanh céc phép bién doi tuong ung.

AB = 9 [xf(x)] =x df(x) + f(x)
dx

B A =52 1) =x_x)
AB-BA = [ix x— f(x) = f(x) hay
dx dx
[Sxx]- 10,
dx dx (X)
b) AB = % %P 1(x) = d Xf(x) = x> d‘;( ) ¢ 2xf(x)
BA =2 Lf(x) = x*2 flx) = 2 A

dx dx dx
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AB-BA =926 - 29 fx) = 2xf(x)
dx dx
= %22—22;—)( fx) = 2xf(x)
= [9g2_g2d)| oy
dx dx

c) Pé xac dinh gia tri cuia giao hoan tr voi gia tri da cho, chiing ta phai thuc hi¢én mét loat céac
bién doi sau:
Aé = ()'Z—’—lﬁx)()z_lf)x)

(% +ip) (X i) = 5

ol

[%2 + % (—ipy) +ipy % —i P2 ]

[%2 + % (—ipy) +ipy % + p2]

NI N

P o1 L 1, e rm e
BA =—(X—-1p)—=(x +1p, )= (X —1p, )(X + 1P
&( x)\/i( x) =5 x x)
[%2 + RXip, —ipy & —i Py ]

[%2 + Xipy —iPy % + P2]

Nl=N=

Thuc hién phép A B — B A ta co thé khir cac s6 hang %2 va p2. Vay:
AB-BA = [X(-ip)+ipX - Xiby +ibcX]

—; k(—i)[—ih;—x]Jri[—ihj—xx]—)“(i [—ih;—XJ—i—i[—ih%x]

K(—i )Zh——izhd—x+ki2hi—i2hd—x
dx dx dx dx

1
R h—fh—h|==2.h=h
ax d +] 2

Két qua cudi cing taco: AB —BA =1
30. Hay chirng minh cac hé truc giao hoa sau day rdi rit ra cac két luan can thiét.

a) [My, My]=i%My;

b) [§, §1=0.
Trd loi i )
a) Bé chung minh bi€u thirc nay ta ap dung quy tac giao hoan tu. Trong trudng hop nay ta co:
~a . 0 0 . 0 0
My M, =—1in [ya—za](— 1h)[z&—x§J
_2.2| 0 &
[yax yx@zz]
RS . 0 0 . 0 0
My MX :_lh[Z&—XEJ(—lh)[yg—ZE]
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2
={* 1P xi—yxa—2
0z
[V, §,]= K, M, — K,
_ 2.2 0 & 2.2 0 e
=1 A |y——yX— | — 11" | X——yx—5
ox T o7 o oz
By Ox
. . 0 0 S
=1h(-1n)|x——-y—| =11 M,
oy ~Ox

Nhu vay toan tir mémen dong luong thanh phan khong giao hoan timg d6i mot, nghia la
chung khong dong thoi xéac dinh.
b) Theo dinh nghia §? = § + éz + & hay

2 2 2
g0 1 iy
41 0 i 4

Mit khac:  [&2, sx]—s?s —éx

-2 e -

o d

i3 [0 1 ]
1 0

Vay [8°.51=0
Két qua nay chimg t6 toan tir binh phuong momen dong luong spin tong giao hoan véi toan tir
momen dong luong spin thanh phan theo mot phuong xac dinh. Diéu d6 chi rd 2 dai luong
nay dong thoi xac dinh.
Trong co hoc luong tir, cac giao hoan tir gitt mot vai trod rat quan trong gop phan giai cac bai
toan hoa lugng tir lién quan. Dé lam diéu nay ngudi ta thudng ap dung cac giao hoan tir biéu
dién duéi dang moc Lie [ ].

3
8
3
8

Vidu [)A(Ia)’zj]zoa [f)la ﬁj]:O
Okhii=j
Byl =m0y 6”:{1 Khi i = |
Ki hiéu i,jrlﬁ:ng voi 1, 2, 3 thay cho x, y, z.
Quy udce dau theo hoan vi vong: ‘
— Thuan theo kim doéng ho 123=231=312=1
— Nghich theo kim dong ho 321=213=132=-1

31. 31. Hiy ching minh cic hé thirc giao hoan sau ddy va rut ra biéu thic chung cho
cac truong hop: a) [My, o] =ih %y
b) [My, pp] =17 s
c) [My, Mp]=in Mg

Tra loi
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a) Chung ta biét toan tir mémen dong luong hinh chiéu thanh phan theo cac truc ¢ biéu thuc:
M; = %, P53 — %3 b2
Thay biéu thirc nay vao [ My, X,] ta co:
[My,%;] =[%X2P3 — X3 P2, %] hay
=[X2 B3, %] — [R3 P2, %o ]
Str dung dang moc Lie:
[AB,C] = A[B,C]+[A,C]B taco:
= %o[ B3, %o+ [R2, X2 P3 — R3[ P2, %o ] — [R5, %2 1P
=0+0-%3—-12—0
Theo quy wdc vé diu ta co: [My, %] =% %3.
Tur biéu thirc nay taritra: [Ny, ko] =15 %3.
[My, %3] =17 %4.
[Mg, %] =1in%,.
b) Ching minh hé thirc [ M, p,] ta ciing sir dung cac moc Lie thong thuong.

[My,P,] =[Ro P3 — X3 P2, P2] =[R2 P3,P2] — [ X3 P2, P2 ]
= Ro[P3,P2] + [R2,P21P3 — X3[ P2, P21 — [ X3, P21P2
—0+ifpy—0—0
Vay: [My,pp] =17 Pg

[My,p3] =17 py
[M3,p1]=i%p,
9) [My,M,] = [%o P3-%3 P2, %3 P1-%4 P3]
ap dung dang [A,B — C] ta co:
=[R2 P3 — X3 P2, %3 P1] —[X2 P3 — %3 P2, %y 3]
St dung dang [A — B,C] s& co:
=[Xo P3,%3 P1]—[R3 P2, X3 1] —[Ro P3, %1 P3] + [R3 P2, %4 P3]
B,C] sé co:
2[P3.%3 P11+ [R2,%3 P11P3 — X3[P2.%X3 P11 —[X3,%3 P11P2
— Xo[P3,%q B3] =[R2, %1 P3]P3 + R3[P2,%Xq P3] +[X3, %1 P3]P2
St dung dang [A,B ] ta co:
= X {[P3,X3]P1 t X3[P3, P11} + {[R2,X3]1P1 T X3[R2 P11} B3
— %3 {[P2,%3]P1 + K3[ P2, P11} — {[ K3, X3]P1 + X3[R3 1]} P2
— %o {[P3,%11P3 + R¢[P3,P3]} — {[R2, X1 1P3 + X1 [R2,P3]} P3
+ X3 {[P2, X4 1P3 + X1 [P2, B3]} + {[ %3, %1 1P3 + X1 [R3,P3]} P2
Trong cac moc Lie chi co [p3, %3] =—1% va[X3,p3] =17
Vay:  [My,My] = Rp(— 1) Py + Xqin Py hay
=—1h %o P T10 X4 Py

ap dung dang [

I3

=17 %y Pp — 15 %o Py
=in(% Pp — %o By) = ih Mg
Mot cach tuong tu ta c6 cac hé thuc:
[Mq,Mz] =17 Mg
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32. Chimg minh [M?,M,]=0
Cho biét M2 =M? + M3 + M2; M, co thé 1a My, M,...
Tra loi
Ta xét cy thé truong hop M, 1a M,
[ M2, M ] = [MF + M3 + M3, M, ] hay
= [M; My + My My + My Mg, My ]
ap dung cac moc Lie thong thuong dang [A B,C] s& c6:
= [My My, My ]+ [My My, My ]+ [M3 M3, My ]
= My [Mq,Mq]+ [Ny MqIM; + Mp[ My, My ]+ [ My, My M,
, + “7'3[“7'3’“7'1]+~['\7|3,'\7|1’]|\7|3
Str dung két qua da chirng minh ¢ bai 1.30 va 1.31 s€ dan téi két qua:
[MZ,M ] =—in Mg Nz —in B Ny +in NG Ny +in Mg Mg
Vay [M?, M,]= 0 hay viét dudi dang tong quat: [M?, M. ]= 0.

33. Chung minh cac h¢ thirc giao hoan sau:
a) [Jy,d,1=1nJ;
b) [J%,3;]=0

V6i32=32+32+3;i=Mm+S§

Trd loi

a) [J1,d5] =[My+ §,J5]. Sir dung dang [A + B,C] sé& co:
=[My,Jp1+1[8,J;] hay
=[M,My + §]+[S,My + & ].

>

Tiur dang [A,B + €] ta cling c6:
= [My, Mp] + [ My, S, ]+ [8,Ma] + 5.5, ]
=iAM3+0+0+12S;
=in(My + §5)=1inJ;
Vay: [J1,321=inJ,
[J2,d31=in ],
[J3,d4]=1nJ;
b) Ciing bang cach sur dung cac dang moc Lie quen thudc ta tién hanh khao sat h¢ thuec:
[32,34] =[JF + 35+ 35,04]
=[3%.51+ 135,91+ 1%5.3,1  hay
=31 34,311+ [35 32,341+ [J3 35,341
Duya vao dang [ A B,C] ta viét:
=34 (30,3414 134,34 130 + 32032, 311+ [ 32,3413 + J3[J5, 341+ [35, 34135
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St dung két qua thu duoc ¢ bai 1.25 ta c6:

=0+0—ih 3y Jg —ih J§ Jp +in J§ Jp +in Iy I3

Vay: [§%.31=0
[323"]2] =0
[J2,]31=0

34. Hiy chimg minh ring moémen dong lugng thanh phan hinh chiéu trén truc z va
momen dong luong binh phuong tong déu giao hoan vdi toan tir Hamilton viét cho
nguyén tr hidro. Tur két qua thu dugc hay cho biét y nghia.

Trd loi
Tur li thuyét ctia co hoc lwong tir ta biét toan tir mémen dong hinh chiéu c6 dang: M, = —

1h di’ nhung bai toan hidro dugc thyc hién trong toa do cau nén:
z

M, =—in2
do
Mat khéc, toan tir Hamilton viét cho nguyén tir hidro:
~ 2 ~
A=-1" vt g
2m

Ta loai bd U = U vi khong c6 bién sé ¢. Toan tir Laplace V* trong toa d6 ciu c6 phan bién sd
theo r va theo 0, . Trong truong hop nay ta chi chu y dén phan co6 chira bién s6 ¢, nghia la:
2
V2=V?(r)+ ,Lg[sine2 1.7
sin® 00 ) sin®0 a¢?
Thuyc hién phép giao hoan tir giita toan tir M, va H nhur sau:
[M,,H]f = M, Hf— H M, f. Qua vay:
d 1 &

M Af=—in || T O
z do sin? 0 9g?

+

7
2m

1P
sin? 0 9g?

_iw 1%

2m sin29 9¢°

A +22 2

A szz—i.%.a—z[—ihﬁ]f
2m sin“0 ¢ O

_i 1o

2m sin2g 9¢°

i 9

2m g

So sanh két qua thu duoc ta co:

M,H—-HM, =0

Vay M, giao hoan véi H.

Pé chimg minh toan tir M? giao hoan véi H ta thuc hién cac budc nhu sau:
= W2+ N2 + 2



32

Khi M2 hoic I\A/I§ va M2 giao hoan véi H thi c6 nghia M? ciing giao hoan véi H.
Quavay: [ H]= [N My, H]= My [N, HT+ M, AN,
Chung ta vira chimg minh dugc giita M, va H 1a giao hoan v&i nhau nén M2 va H ciing giao
hoén véi nhau. Thuc vay:
‘ My [V, T+ [WL FTRL, = WA, [0] + [0] R, =0
Bang céach tuong tu ta cling co:

)
N N
I>

va [
Diéu nay dén dén:  [M?, H]=0 ,
Nhu the toan tir binh phuong tong mémen dong lugng va toan tor Hamilton viét cho nguyén tir
H & toa do cau giao hodn v6i nhau. Khi I\A/IZ , M2, H giao hod voi nhau, c6 nghia la gié tri
momen tong binh phuong va mémen hinh chiéu dong luong cling nhu gia tri ning luong s&
dong thoi xac dinh. Diéu nay s€ duoc van dung khi khdo sat nguyén tir hidro trong truong
xuyeén tam.

35. Cho ham séng ¢ (¢)=€™® va ¢_, =€ ™" déu l1a ham riéng cla toan tir
2

A =;—2, & diy m 1a sé thuc. Dya vao phuong trinh ham riéng va tri riéng:
¢
d2¢((‘p> _ 2 h~ hr . h A h A 4 h 4 h\ A ~ h ~ 1\
5 =—m d)((p) ay ching minh t6 hop tuyén tinh cac ham riéng da cho cling 1a
do
ham riéng cta toan tir A va tri riéng c6 gia trj 1a — m”.
Tra loi
L d?
Theo dau bai: d(l)(;p) = —m2¢((p) ,
¢

Ta 13p 0 hop tuyén tinh ¢(o) = ¢0m () + C20_m (¢)
Khi A tic dung 1én ¢(¢) ta co:
d®b(e) _ d?

a2 do? —(C10m +C20_m)

_ d_22(c16im(p +C2efim(p)
¢

Thuyec hién phép 1dy dao ham bac 2 theo (p ta co:

—i%m?c,e™? +i’m?c,e

—imo
—m (qelm(p _’_Czeflmnp)
=-m?9(9)
Vay t6 hop tuyén tinh ctia 2 ham riéng ¢, (@) Va ¢_p, () ciing 1a ham riéng ctia toan tir A va
—m? 14 trj riéng cua toan tir nay.
36. Cho céc ham riéng m ta chuyén dong ctia vi hat theo vong tron véi ban kinh a co
dang:
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—1/2
Y (0) = (27) e'mo
6daym=0;+1;£2 ... Goc O bién d6i 0 < 0 < 27. Hay chirg minh cc ham riéng nay
1ap thanh mdt hé tryc chuan.
Tra loi )
Hai ham nay 1a truc chuan khi:
zf" : Oy (0) =, =[O KM=
A

Qua vay khi thay ham y, (6) ta co:

an\v’r‘n (8)wm (9)27[2%]1/2“9
0 0

1 2n
_r e|(m—n)6de
2n 0

R 1 2n ]
e efln(pde:_felmeeflnede
2n 2n 0

ap dung dinh 1y Euler: €'° = cosg+ising, ta c:

2n 2n

[ i (0)wm (6):lf[cos(m —n)B+isin(m—n)oldo
0 27

2n . 2n
:%{oos(m —n)9d6+2|—n{sin(m —n)do
Theo dau bai 0 < 0 < 27 nén:
— Khi m # n hai dang tich phan déu bang 0:
2n

2

fcos(m—n)ede: L sin(m—n)o "_0-0=0

5 (m—n) 0

27 1 o
va fsin(m—n)edez——cos(m—n)e =1-1=0

5 (m—n) 0
— Khi m = n thi tong hai tich phan bang 1:

1 2n 1 27 1

— [[c0s0do =~ [1.d0 =~ (2 —0) =1

21 2n 21

0 0
i 2n i 2n
va — | sin0do=— [ 0d6 =0
Zn{ 275{

Vay két qua cubi cung c6 thé biéu dién nhu sau:

L 2fncos(m n)edo + | 2fﬂsin(m n)do = 0 khim=n

2n 2n) |1 khim=n

2n .
2 0 khim=n
hay tong quat hon: - (0 0)=8y, =
y tong qu {Wm()Wm() mn ‘[1 khim =n

D6 1a didu can ching minh.
37. Cho toan tir dong ning T, va dong luong p, ddi voi hé vi hat chuyén dong trong
giéng thé 1 chiéu. Hoi 2 dai lugng T, va p, c6 dong thoi xac dinh hay khong?
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Tra loi
Mudn xem hai dai lugng co hoc c6 dong thoi xac dinh hay khong ta phai xem hai toan tir

tuong tng co6 giao hodn hay khong? Tt luan cur nay ta xét [T x ,f)x]

Déi v6i vi hat chuyén dong trong giéng thé 1 chiéu thi:

. % d? R d
Ty=—"—"7"—%; =—ih— va X
¥ 2mgx2 Px dx v(x)
Aﬁw_ﬁﬁg_ﬁiﬂJ
xPx V= o dx? ax '] 2m dx?2 | dx
_in’ &y
B 2m dx3
L o d) #? d? in° d [d%y
TowXx)=|-it—||-——=vy|=——| —
BxTw (x) [ dx] 2m dxz\lf 2m dx | dx2
_in’ d?y
2m dx3
Nhu vay: TPy — Py Txwy =0

hay [T’ x ,f)x] =0,nghiala T, va p, giao hoan véi nhau, nén T, va p, dong thoi xac dinh.

38. Hay xac dinh do bat dinh vé dong lugng va tdc do cho mdt electron khi nd chuyén
dong trong mot ving khong gian theo mot chiéu xac dinh (gia sir theo chiéu x cua
toa d9) véi do rong bang c& duong kinh cua nguyén tir ~ 1 A.

Tra loi )
Theo h¢ thuc bat dinh Heisenberg:
AX.Apx = h
—24
Ap= h_1,055.10"Js _ 1’055.10724 kg.m.sfl
AX 1107 %m

Ta lai bit: Apx = me.Avy. Tur d6 suy ra:

Ap, _ 1,055.10 %*kg.ms "
Me 9,1.10 3"kg
TI:I két qua thu dl,l‘(jc rd rang tdc d6 cua elegtron la x&c dinh duogc, trai lai gid tri dong luong lai
bat dinh. Nhu the 2 dai lugng nay khong dong thoi xéac dinh.

Avy= =11,6.10°m.s”’

39. Hay tinh budc séng lién két de Broglie cho cac truong hop sau:
a) Mot vat co khéi luong 1,0 g chuyén dong véi tée d6 1,0 cm.s ™.

b) DPbi voi vat thé ciing c6 khdi luong nhu thé, nhung chuyén dong vai tbe do 1000
km.s .

¢) & nhiét 6 phong, mot nguyén tir He chuyén dong véi van tdc 1000 m.s . Cho He =
4,003.

Tra loi
ap dung h¢ thuc de Broglie:

A= h ta s€ thu dugc cac gia tri A nhu sau:
mv
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~34
a) A= 6,62.10 " J.s =6,6.10729m
1,0.103kg.1,0.10 2ms™’
34
b) _ 6,22.10 Js : =6,6.10_36m
1,0.103kg.1,0.10°ms™
—34
0 6,62.10 " Js =0,997.10’10m~1A

4,003.1,660%'kg.1,0.10°ms ™"
Cac két qua cua A thu dugc di chi 16 dbi véi truong hop a, b bude song 14 qua nho nén hé
thire de Broglie khong c6 ¥ nghia, con dbi voi truong hop ¢) thi gia A ¢ kich thudc nguyén tir
nén bicu thirc nay co6 y nghia.

40. Dua vao nguyén li bit dinh cua Heisenberg hdy cho biét do bién thién ning luong
AE va thoi gian At thuéc mot hé lugng tir co déng thoi xac dinh khong ?

Trd loi
Hé Heisenberg Ax.Ap, >4 da chi ra rang bién thién ctia dong luong Ap; va toa dd Ax khong
ddng thoi xac dinh. Dé khao sat 2 dai luong AE va At ta xuat phat tir:
1 2_ (mv)2 _ p2

E=—-mv —  hay
2 2m 2m
dE = dezvdp do p=mv.
m
Mit khéc ta lai biét:

V= 3_1‘ do viy dE = 3_1‘ dp, hay  dEdt=dxdp,.

Su bién thién cta E va t ¢ thé duoc biéu dién bang:

AEAt = AxApx. Nhu vay AEAt > 7.
Biéu thirc cudi cung da chi rd do bién thién cua nang lugng va thoi gian thuéc mot hé luong
ttr 1a khong dong thoi xac dinh.

41. Biét ngudng quang dién d6i v6i kim loai vonfram (W) c6 budc song L,= 2300 A.
Hay xac dinh budc song A theo A cia anh sang t6i ddp vao bé mit kim loai W dé
lam bat electron ra, biét rang anh sang chiéu vao kim loai c6 ning luong t6i da bang

1,5eV.

Choh=6,62.10""J.s; c=3.10° m.s"'
Tra loi ,
ap dung hé thuc doi véi hiéu rng quang di¢n ta co:

T=E=h(v—vo)=hcl—i hodc 1_E. 1

A A A he A

& day E=15eV=151,6.10"7J

ho=2300A=23.10"m
Thay cac gia tri tuong ting vao bicu thirc trén ta co:

-19
1 _ 1,5.1,6.107 1% N 1 ha
A 6,62.107%4Js3.108ms™"  23.107%m

=(0,1208.10"+0,43.10) m ™'
=0,5508.10" m ' =550,8.10* m™

A =_ v  m=1815510"m=1815,5.10""m
550,8.10%
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Vay: A =1815,5A.

42. Nguoi ta biét nang lugng can dé ion hoa mot nguyén tr 1a 3,44.10_18 J. Su hép thu
photon c6 budc soéng A chua biét da lam ion hoa nguyén tir va bat ra mot electron
véi toe dd 1,03.10°m.s ™. Hay xac dinh budc séng A cua birc xa tia toi.

Trd loi
Theo biéu thuc x4c dinh dugc doi véi hi€u ing quang dién c6 dang:

2
E=hv=hvo+%

I = hv, chinh 12 ning luong ion hoa lam but eletron ra khoi nguyén tir. Nhu vay ta viét:
1

—mV2=hv—I=E—I hay
2 A
A= _NC
I+1mv2
2
Thay céc gia tri tuong Uing ta co:
3 = 6,62.1073*Js . 3.108m s’
1

3,44.10° 18 ty 9,1.10 %"k g(1,03.10% 2 m?2s2

=5,06.10 *m=506.10""m
Vay: A =506 A

43. Hay tinh ndng luong (theo J) cho mdt photon va nang luong (theo kJ/mol) cho mét
photon buc xa g vdi budc song.

a) 600 nm (do); d) 200 nm (tim);
b) 550 nm (vang); e) 1,5 A (tia X);
¢) 400 nm (xanh); f) 1 cm (vi song).
Tra loi

Theo hé thic Planck taco: E=hv= %

va E (cho 1 mol) = NAE = Nahe

he=6,62.10>%J.5 .3.10 m.s ' = 1,986.10 % J.m
Nahe =6,02.10% mol .1,986.10 % J.m = 0,1196 J. mmol

_ 1,986.10"2°Jm

Vay: E ;
ay )
E (mol) = 1196 J.m.mol '
A

Cac gia tr1 E va E (mol) thu duogc ¢ bang sau:
N2 A (m) E (J) E (kJ.mol™")
a 600.107° 3,31.107"° 199,0
b | 550.107° 3,61.107" 218,0
c 400.107° 4,97.107"° 299,0
d 200.107° 9,93.107"° 598,0
e 1,5.107"° 1,32.107"° 7,98.10°
f 1.1072 1,99.10% 0,012
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44. Mot deén natri phat ra anh sang vang ung v6i budc séng bang 550 nm. Hoi liéu co
bao nhiéu photon s& phat ra trong mot gidy néu cong suat ciia dén l1an luot bang:

a) 1,0 W;
b) 100 W.
Tra lo‘t . )
Ta biét rang cong suat chinh la nang lugng trong mét don vi thoi gian. Theo don vi SI thi:
_ kg m?s 2 I |
W=—=_—~-_===]J5s
s s

Theo Planck: E=hv
S6 photon N phat ra trong mot gidy s& la:
p =N.hv.
_Pr_ Js'm g

Tirdo N sé la: N= 2 =
hv. hc  Jsms™
Két qua thu dugc sau khi thay s6 vao s& 1a:
_ p.A
6,62.10 %4.3.10®

a)Voi p=1,0W=1JIs"; A=550nm=>550.10"m

N =5,035.10".1.550.10°=2,77.10"* s™*
b) Véi p=100 W=100I.s ; A =550.10"m

N =5,035.10**.10°.550.10 = 2,77.10° s
Két qua thu duogc chi rd ing vi cong sudt bong dén 1 W phat ra anh sang c6 bude song bang
550 nm thi s& c6 s6 photon phat ra 1 2,77.10"® hat trong 1 gidy. D6i v6i cong suat 1a 100 W
thi s hat 13 2,77.10°° trong 1 gidy.

=5,035.10" p.A

45. Nguoi ta do duoc budc song khuéch tan A’ = 0,22 A theo hudng lam thanh mét goc
45° voi phuong cua chum tia X dap vao nguyén tir thi nghiém. Hoi bude song A
theo A ctia chum tia X trong truong hop nay bang bao nhiéu ?

Tra loi
Theo dau bai thi d6 1a thi nghiém minh hoa cho hi¢u &ng Compton.
Vi hi¢u trng Compton nguoi ta da chimg minh dugc biéu thirc nhu sau:

A= L(1 —cos0) ZZLsinzg
mc mc 2

2" 1a budc song khuéch tan
h A 1a budc song cuia chum tia X
chiéu t6i.
hv 9

Vay biéu thirc trén c6 thé viét:
A=A — L2sin29
mc 2
Véi N=022A=02210"m;

0 =45°
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h _ 6,62.10 % J.s
mc  9,1.10 3'kg . 3.108ms™’
Thay cac gia tri bang sd vao biéu thuc trén ta co:

’=022.10""m—2242510"2m sin24—25

=0,216.10""m
Vay: A=0216A.

=2,425.10 %*m

46. Cho biét mot eletron chuyén dong trong mot truong véi hiéu dién thé U = 1.000
Von. Hay xac dinh budc séng lién két de Broglie A (A) 12 bao nhiéu ?

Trd loi
Khi electron chuyén dong trong dién truong ta c6 thé biéu dién dudi dang biéu thirc sau:
E=qU
. 1 2
va T=E=_-mv
2
hay % mv’=q.U
hoac v = 2aJ
) m
Song lién két de Broglie la:
_h _ h
h= 1/2
mv. (2mqu)
& day: qU=1,6.10"".1000 J.
Thay s6 vao biéu thuc ta duogc:
- 6,62.10 > Js

(2.9,1.103"kg . 1,6.10719.103J)"/?
=3,88.10"" m=0,388.10 "°m
Vay: A =0,388 A.
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1.3 Bai tap chuwa cé loi giai

47. Thuyc hién phép tinh Af =g v&i cac gia tri cua toan tir A va ham f(x) cho ¢ bang

dudi day:
N° A fix) | N° A f(x)
1
a J x* c de xX*—2x+3
0
3 2 2 2
b d——i—x3 e™ | d d 7+ d >+ d 5 xXyz
dx® dx dy dz

Huéng dan: Thyc hién phép tinh Af (x)=g(x) s& dan dén két qua.

48. Hiy cho biét toan tir A 1a tuyén tinh hay khong, khi thuc hién cac phép tinh sau

day:
a) Af(x)=[f(x)],
b) Af(x)=f*(x), f*(x) 1a ham lién hop phuc cua f(x)
c) Af(x)=0, Nhén ham f(x) vi 0
d) Af(x)=[f(x) -, Phép nghich déo ctia ham f(x)
e) Af(x)=f(0), Ham f(x) khi x=0

Huéng dan: Thuc hién phép tinh theo dinh nghia cua toan tir tuyén tinh:
Aleyfy (x)+ Cofp ()] = 1 Afy (x) + CoAT ()
PS. a);b); d); f): A khong phai 1a toan tir tuyén tinh;
c); e): A 1atoan tir tuyén tinh.

49. Hiy tim céc tri riéng khi toan tir A tac dung 1én ham riéng f(x) cho dudi day:

N° A f(x) N° A f(x)
d? d? d .
a d7 COSmX C d7 + 2d—x + 3 e
. d
b a4 e d — x%e®
dt dy
bS. a) o c) o+
200 +3
b) i) : d) 6
50. Ham sb f(x) = 7.e>* duoc coi 12 ham riéng cua toan tir 0 = di Hay tim tri riéng
X

trong truong hop nay.
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bS. -3
51. Hay thuc hién phép giao hoan tir véi ham f(x) cho céc truong hop sau:
~ ~ r ~ 2 ~
a) [h,A]f bidth=x2- 3 . A=x_94
dx? dx
~ ~ r ~ 2 ~
b)  [h,A]f bidth=x- 9 . g=x+9
dx? dx
pS. a) 2A
b) 2B
r ~ 2 r
52. Cho biét toan tir h = x* — d—2 hdy chimg minh ham sb f(x) = ¢ /2 la ham riéng
dx
clia toan tir h d cho va cho biét tri riéng tuong tng bang bao nhiéu.
bS. f(x) 1a ham

riéng
+ 114 tri riéng

53. Hay chirmng minh ham y(x) = 8.¢™ 1a ham riéng cta toan tir di Cho biét trj riéng thu
X

dugc bang bao nhiéu?
bS. y(x) 1a ham
riéng
Tri riéng la
4
54. Hay chung minh cac h¢ thirc giao hoan sau day:
a) [My,pp]=i%ps
b [8.8]=ir ,
Tur cac két qua thu dugc hdy cho biét nhan xét.
55. Khao sat tinh chat song cho 2 loai vét thé véi cac thong sb sau déy:
a) Tinh d¢ dai budc song theo m cho mét proton voi khéi luong bang 1,67. 102 g, khi
chuyén dong c6 dong nang bang 1000 eV. ) 7 ,
b) Ciing cau hoi nay ap dung cho moét chi€e xe tai nang 1 tan chuyén dong vai toc do
100 km/gio.
Tir cac gia tri A tim dugc hay rut ra cac két luan can thiét.
bS. a) A (proton) = 9,1.10"° m c6 ¥ nghia
b)  A(xe)=2,38.10"% m khong c6 ¥ nghia

2
56. Hay cho biét nhitng ham cho duéi day thi ham nao 1a ham riéng cua toan tir ;—2 ?

X
a) e b) cos kx; ¢) k
d) kx; e) e ™

bS. a); b); ¢) va d) 1a ham
riéng
e) khong phai 1a ham

riéng.
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57. Tinh gi4 tri trung binh ciia dong ning cho mdt vi hat khi chuyén dong duoc mé ta
bang mot ham soéng y ¢o dang:
v = (cosy)e™ + (siny)e ™
Véi y 1a tham so.
pS. (T )= K
2m
58. Nguoi ta dung dén He chiéu mot chum bt xa tir ngoai voi bude song A=58,4 nm 1én
mot mau kripton thi thdy chim electron bét ra khoi kripton va chuyén dong véi toc
do v=1,59. 10° m.s ™. Hay xac dinh thé ion hoa cua kripton.
Choh=6,62.10>*J.s;m=9,1.10"" kg

PS.1=2.25.10 %= 14,0
eV

59. Dé lam but electron ra khoi bé mit kim loai xesi (Cs) nguoi ta phai ti€u tbn mot
cong bang 2,64 eV. Hiy xac dinh dong ning va téc do cua electron bat ra khi chiéu
sang vao Cs c6 budc song lan luot 1a:

a) 700 nm
b) 300 nm
bS. a) electron khong bi bat ra.
b) T=3,1910"7
v =837 km.s "

60. a) Hay xac dinh do bat dinh nho nhét vé tdc dd cua mot qua bong co khdi luong
bang 500 gam, biét rang nd & mot vi tri nao d6 trong khong gian c6 mot khoang 1a 1
um trén mot dung cu dé choi bong.

b) Mét vién dan co khdi luong 1a 5 gam dugc ban di véi tde do vao khoang 35.000.001
va 35.000.000 m.s . Hay xac dinh d6 bat dinh nho nhat vé vi tri cia vién dan nay.
PS. a)Avw= 0,55.10728 m.s’'
b) Aqx=0,5.10%" m

61. Hiy chung minh rang néu b 1a tri riéng cua toan tir B thi b" ciing 14 tri riéng cua

toan tir B.

62. Cho toan tr X = x; toan tur 0 = di va ham s6 f(x) = e Hay thuc hién phép giao
X

hoan tir [x,0]. Tu két qua thu dugc cho biét nhan xét.
Huwéng din. Thyc hién phép % G va G X.
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Chuong 2

Ap dung co hoc lwgng tir vao cau tao nguyén tir

2.1 Li thuyét tém lwoc

Ké tir khi sy 4p dung thanh cong co hoc luong tur dé khao sat céu tao nguyén tir trong hoa
hoc da khang dinh tinh dung din cua li thuyét lugng ti. Trong chuong nay chung ta dé cap t6i
mot s6 hé luong tir hoa hoc quan trong c6 lién quan dén ciu tric nguyén tir (Hé quay tu cimg
nhic va dao dong tir didu hoa duoc chuyén xudng chuwong khai quat vé phd phan ti).

2.1.1 Electron chuyén dong trong giéng thé
1. Chuyén dong ciia electron trong giéng thé mot chiéu
Phuong trinh Schrudinger trong trudng hop nay cu dang:
Giai phuong trinh vi phan ta co:
— Ham song y,(x) :\/% sinn% X

2 h2 _
8mL2’ 0

— Nang luong E, =

—
>y

n=1,2,3... sb luong tir chinh;
h- hang s6 Planck;
m- khoi luong electron;
d?y | 2m
— + —Ey=0
dx? h2 Vo
Phuong trdnh Schridinger trong truong hgp nay cu dang:

Giai phuong trinh vi phan ta co6:
\ , 12 . =
— Ham song y,(x) = L sinn-x

2 h? .
mLz’

— Nang luong E, =

n=1,2,3... s6lugng tir chinh;
h- hang s6 Planck;
m- khdi luong electron;

L- chiéu rong giéng thé.
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2. Chuyén dong ciia electron trong giéng thé 3 chiéu

— Ham song: Wn,n,n, X, y,2)= Wn, (x) Wn, (¥) Wn, (2)
voi: v, (X)= 2 sinng - x
x L, Ly

2 . e
Yn, (y) = |[—sinny—y
/ Ly Ly

|2 . s
Yn, (z)= |—sinn,—z
LZ z

h2|n2 ni n2
—Néang luong E=E, + En, T En, = am L2X +L2y +L22
Ny ny n,

2.1.2 Bai toan nguyén tir hidro trong trwong xuyén tam
1. Méi tuong quan gitra toa dd Descartes va toa do cau

ZA

z =rcos0
X = 15in0.cose
y = rsinf.sin@
P =x2+y*+ 2

dt = r’drsin6d0de

vii: 0<r<w; 0 5
<0<m; ¢ Y
0<¢<2m )

2. Phuong trinh Schrirdinger ¢ trang théi dung
H(r, 6, ¢) = Ey(r, 6, 9)
y(r, 6, 9) =R(1)Y(6, 9)

voi: SR TN Y
. 2m ' r2
trong do: V2 = 19 [r2 i]
r2 or or

2
AZ_Li[sinei]Jr U
sin“0 d¢



Sau khi thay céac gia tri twong tmg va thuc hién mot s6 phép bién ddi ta thu duogc 2

phuong trinh:
— Phuong trinh goc: M2Y(0, ¢) = L7 Y(O, ¢)
_ Phuong trinh ban kinh: -2 [r2 dR) 4 22M E-UR =R
dr dr K2

O day toan tir mémen dong luong c6 dang:

Céc h¢ thtrc giao hoan tur:
[M,,M?]=0; [M,,H]=0; [M*H]=0

Giai phuong trinh goc va ban kinh ta thu dugc cac nghiém sau:

- mz2¢* 5 72

a) Nang luwong: E,=———=k=-13,6= [eV

) g lwgng o - [eV]
b) Ham song: Vnem, 6,9 = Ry, (1) . le,m,{ 6, 9)

ham AO ham ban Knh Ram gdc < > < >
n: 1,2,3,..n sb lugng tir chinh
f:0,1,2,3,..n—-1 sb luong tir phu

m,: 0,+1,42,... /¢ ) luong tir tur

1 9 J.m N S ™ ‘A

k= =9.10" — 1a hé so ti 1€ trong tuong tac tinh dién.
4rme, c2

Céc gia tri ciia ham R(x), ham Y(0, @) dugc ghi thanh bang tai phan phy luc.

¢) Ham toan phan

lP n,’,m Mg (I', 6: (P: G) = \Vn A,m ¢ (r:ea (P) . X(G)

hamtoan phan ham AO han spin
1

mg= iE S6 luong tir spin

d) Cac gia tri momen dong luong

— Momen dong lugng: M= JUl+1n
— Mbmen dong luong hinh chiéu: M,=m,h

— Momen dong luong spin: M= {s(s+1)n
— Mbmen dong luong toan phan: Mip= I+

voi: J =/ +sgoila ) lugng tir noi.
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e) Pho phat xa nguyén tir cta hidro

1 v=Rp [iz_iz]’ Ry- hing s6 Rydberg
A Ny Ng

3. Mat do xac sudt tim théy vi hat theorva 6, ¢
a) Theo li thuyét x4c suat
X4c suit c6 mat cua electron dugc xac dinh béng biéu thirc:

dp =y |%dr voi [[vidr=1

Trong thuc té tinh toan nguoi ta thuong xac dinh mat do xac suat c6 mat cua electron & mot
diém M nao d6 trong khong gian, tai thoi diém t, trong mot don vi thé tich dt va dugc tach riéng
thanh 2 phan doc lap.

b) Mat do xac sudt theo ban kinh
D(r) = dp(r) _ ‘R|2r2
dr
Xéc sudt theo r 1a: dp(r) = R'Rrédr

Véi diéu kién chuin hoa: f R'Rr’dr = 1
0

Ciing nhu R(r), mat d6 xac suit D(r) chi phy thudc vao n va /.
¢) Mat do xéac suit theo goc

Pay 14 sy phan bd mat do xac suit trong truong xuyén tdm theo mot hudng cho trude
duoc xac dinh boi goc 0, .

dp(0, ¢) =Y Ysin0dode = Y'YdQ

P09 _pg, ) =v'y =Y

dQ
0=n ¢=2n
v6i diéu kién chuén hod f f Y Ysin0d0de = 1.
6=0 =0

Ham Y, , (8, @) chi phu thude vao cac sO luong tir ¢ va m,, doc 1ap véi sb luong tir
chinh n.
d) Ham toan phan - ham spin - obitan (ASO)

Khi cha ¥ dén sy hiéu chinh khéi lugng m cia hé vi mé theo thuyét twong ddi cua

45

Einstein trong qua trinh giai phuong trinh Schrirdinger, ta thiy xuat hién s lugng tir spin voi

gia tri ms=i%.

Nhu vdy ham spin-obitan la:
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Ynom,m, @ 0,0,0) = Ry, (x) . Yf,m( 0, 0) . Xm, (0)
5 <>
Ham toan phan ham ban kinh ham goc ham spin
Ham spin-obitan ham AO

4. ap dung li thuyét luong tir cho hé nguyén tir nhiéu electron

Vé nguyén tic, cling twong ty nhu trudong hop dbi véi hé mot electron, nhung phirc tap vé
mat toan hoc nén nguoi ta phai sir dung phuong phép gan dung.

D6i v6i nguyén tir nhiéu electron, ngudi ta gia thiét 1a mdi electron chuyén dong doc 1ap
vé6i cac electron trong mot trudng trung binh ddi xtng ciu tao boi hat nhan nguyén tir va cac
electron con lai. D6 1a truong tu hop (SCF - Self Consistent Field).

Hy=Ey

2N
van——%ini Z

Ze?

Ti

+ Z Z é khi bo qua tuong tac day giita cac electron thi

i r'J
toan tu Hamilton c6 dang:

ZV —Z— v6i H, => hi;

h; 14 toan tir Hamilton cho timg electron ddc 1ap. Giai bai toan nay dan t6i gia tri ning
luong cua h¢ la:

E=E,+E,+Es... Ex
Ham song chung mo ta trang thai cho toan lop vé la:
V= Yiyays... YN

Theo nguyén li bat dinh Heisenberg nguoi ta khong thé v& quy dao ting electron trong
hé. V& nguyén tac chiing ta khong thé phan biét dugc céac hat trong hé.

Ham song toan phan cta hé luong tir phai 1 ham phan ddi xtng. Biéu dién diéu nay tdt
nhat 13 dudi dang dinh thirc Slater.

e (E1) Wp, () ¥p, (&)
W(E, & &o=ﬁ P, (1) P, (€)oo Wp, (E)

o, (&) ¥p, (E]) Pr, (EN)
En- toa d6 khai quat bao gom ca toa d6 khong gian va spin;

_1_ - hé s chuén hoa ctia ham song.
VN!

Viduy hé co6 2 electron thi ham Y(§,, &) la:
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(22— [P D) v (OR()
U2 lw(2)a(2) w(2)B(2)
hay % [a(D)B(2) — a2)BD)]y(L)w(2)

v61 ham spin o ng voi mg= +% va 3 khi mg= —% ; ¥ 1a ham obitan.
5. CAu hinh electron. S6 hang nguyén tir

Thiét 1ap cdu hinh electron ctia nguyén tir nhiéu electron theo cac nguyén li sau: (nguyén
1i Pauli, nguyén 1i viing bén, quy tac Hund) da duogc trinh bay & phan cau tao chat dai cuong.

S6 hang nguyén tu. Déi véi nguyén tir nhiéu electron xuét hién nhiéu _tuong tac phurc tap,
nhu twong tac day giita cac electron. Russell - Saunders da 1ap thanh so d6 lip ghép nham xac
dinh cac trang thai kha di dé giai thich cac vach pho phat xa.

— Momen dong luong obitan tong clia nguyén tir hay ion.
|: = Z _[Zi
i
/- momen dong lugng obitan cla electron i:
L] =L n
L= Zli; Zli— 1; Zli—2

L 0 1 2 3 4 5 6 7 8

Trang

o
e
=
r
~
e
e
~
—

thai

— Mbmen spin tong ctia nguyén tir hay ion:
S=>5§
i
§ - momen dong luong spin cua electron i:

18| =85 h

s=N.N_, N 5.
2 2 2
— Hinh chiéu ctia mémen dong luong obitan tong trén truc z.

L,=Mn véiML= ) un
i

M- s6 lugng tir tong ciia toan nguyén tir;

m, - sO luong tur tir cua electron 1
I



ML=L; L-1; L-2...
— Momen dong luong spin tong hinh chiéu theo mét phuong:
S,=M;#h voi MSZZmSi
Ms - sb lugng tir spin tong ciia toan nguyén tir;
mg, - s6 luong tir spin cua electron i.
Ms=S; S—-1; S-2...
— Momen toan phan J ciia toan nguyén tir:
J=L+S8
13| =30 n
J - Sb lugng tir ndi cia nguyén tir hay ion.
Hinh chiéu cta J trén truc z duge xac dinh br:ing hé thuec:
Jz=M;n
v6i My gia tri s6 lugng tir ndi nhan 2J + 1 gia tri tir —J dén +1J.
S6 hang nguyén tir X 1a nhom nhiing trang thai ¢6 cing L va S va duoc ki hiéu:
28y
(2S+1)- d6 bdi spin cua nguyén tu;

I= ‘ L-S | khi c4u hinh electron nhé hon hodc béng mot nira sb electron thudc cau
hinh electron cua nguyén tir khao ctiru. Nguoc lai, khi J = | L+S | néu cdu hinh electron 16n
hon mdt ntra s6 electron cé mat cua AO dang xét.

48
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2.2 Baitap ap dung

2.1. Cho ham séng vy, (x)=Bsin ™ mo ta chuyén dong electron trong giéng thé 1
a
chiéu véi chiéu rong 1a a. Hiy tim hé s6 B clia ham song nay.
Tra loi

ap dung dicu kién chuan hod ham song ta co:

nmx
f\Vn (X)yp (x)dx =B stm2 : dx =

1 2nna 119 % onmx
Bz—f1—cos T ]dx—BZ—fdx—fcos T dx
2 a 2 0 0 a

:lex_LsinznnX 1><a—1 = B= g
2| 2nm a a
a 0
2.2. Biét 1 vi hat chuyén dong trong giéng thé 1 chiéu voi chiéu rong 1a a. Hay tinh

xéac suat tim thay vi hat d6 trong khoang tir 0 dén a/2.
Tra 101
X4c suit c6 mat cua vi hat trong khoang x = 0 + a dugc xac dinh theo h¢ thuc:
al2 a/ 2

P[O<x< ] f\y = f sin mdx_
al2 al2 al2
—gxlf[1—(:oszrmx]dx—l fdx— fcosznnxdx =
a 2 a a a
0 0 0
al2
1 1 . 2nmx 1 a . 2nmxP'? 1]a 1
=—|X——=—sin =—|X———sin =—|=——-0|==
a| 2nm a al 2nrn a al2 2
a 0
2.3. Electron chuyén dong trong giéng thé 1 chiéu dugc mé ta bang ham

v (X)= \/z sin 1% (a- chiéu rong cua giéng). Hay tim gia tri trung binh cia vi tri (x) d6i véi
a a
electron.

Tra 1061

(x) = j\yﬁ (x Ry, (x)dx

a
nmX 2 .2 NmX
hay fsm—x3| —dx_ fxsmz—dx
a9 a
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2 .
Str dung tich phan: fxsi n2 axdx =~ — X80 20X _ 00s2ax
4 4q, 802
a a
<X>_2 x?> xsin(2nnx/a) cos(2nnx/a) 2 x2 _a
" al4 4nm/a 8><(nn/a)2 al 4 072

Két qua nay chi rd thyc té ta khong quan sat thay electron ¢ thanh giéng (x = 0 va a) ma

no tép trung ¢ doan gitra (x = %a).

2.4. Tinh gi4 tri trung binh ctia dong lugng (p,) cua electron chuyén dong trong
giéng thé 1 chiéu (a- d6 rong cua giéng thé). Cho vp (X)= \/E sin x .
a a
Tra 101

Gia tri trung binh cua px dugc xac dinh béng hé thuec:
a

(p)= [ wi (x)Bywn (x)x
0

Thay gia tri y, (x) vao ta co:

2 ntx d nmX
= —ifi— | sin———sin——dx
a a dx
0
nmX nnX nNx
=—ih— fsm—cos— x —dx
a

— _ins X—f nTEX nTCXdX

_ i 2n_2TC l 2n X
a® 2+
. NT 1 2nnx ||a
=—ih—X —CoSs
a2 2nm/a a )0
= ihioosznnx a_ 0
2a 0
2.5. Hay tinh gi4 tri trung binh binh phuong ctia dong lugng py cho electron chuyén

dong trong giéng thé 1 chiéu.

Tra 1o1
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2.6. Cho ham thir y = x(a — x) @& mo ta su chuyén dong cta vi hat trong giéng thé
mot chiéu vdi do rong giéng 1a a.
a) Hay ching minh rang ham thir y thoa man diéu kién bién ciia bai toan.
b) ap dung phuong phap bién phan, xac dinh ning luong E & trang thai co ban tng véi
diéu kién bién.
2
voin =

¢) So sanh két qua thu dugc & cau b) voi két qua khi dung ham thuc 1 E = o
ma
Tra 1o1
a) Ham thu v = x(a-x) u=0
& diéu kién bién:
x=0—- y0) =0@-0)=0

x=a— y(a) = a(a—a)=0

Nhu vy ham thir y di thoa méan diéu kién bién cta bai toan.
b) Theo nguyén li bién phan ta co:

2 42

—— — _|x(a—x)dx
2m dx? ( M

—X)

o-—o
X
Q

fq/*lzl\ydr _

E = ;
f\vwdr

fx(a —XX(a—x)dx
0



Ta lan luot khai trién biéu thirc nay.

a

fx(a —X)

0

2 2
. A d
Tu so: _—

o 4l x(a —x)dx

a 2
/i d
— | x(a—x)—(a—x)xdx
m | X005
2

Lay dao ham — (ax — x?) =-2 rdi thay vao biéu thirc trén ta co
dx

hz a h2 a
2 _ 2
“om bf(ax —X)(2)dx = +H {(ax —x7)dx

1P la? 3
m| 2 3
0
n2ad h2a3
= (1)
6m 247°m

a a 5
Mau s6: f (ax — x°)’dx = f (a2 +x* — 2ax)dx = 2
0

2
0 2)
, 5 h%a® 30 5h?
Két hop (1) va (2) dan dén E= — = 3
o (va) 24°m a° 47Pma® ©)
c¢) So sanh gitta viéc dung ham thtr véi gia tri
5h2 2
E= va ham thuc ¢6 E(t) = ,ta co:
4m°ma’ ’ ® ma?’
E—E(t) 10— 72
100 = 100 =1,32%
E(t) 2 ’
Nhu vy sai s6 thu duoc khoang 1,3%.

2.7.

electron chuyén dong trong giéng thé mot chiu véi 0 < x <a.

.. d 2 .z
Cho: px=—-1h— ; X)= ,[—= sinn—x
p -~ W(x) ,/a 5

Tra 1oi
ap dung biéu thtrc cho gia tri trung binh ta co

f Wy P xWxdx vi ham y(x) da chuan hoa. Thuc hién phép khai trién sé& co

pX ——lhj\/751nn x—[(smn;x]d

Chung minh gid tri trung binh cua dong lugng thanh phan p, bang khong khi

52
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a
.. 2nmt 1 .
=_jp it stmnzx.cosnExdx
a2 21 a a

a
..n . AN
=—ih= j sin2 2= xdx hay
a’ a
0
2n’n? @

a3

nm
—008——X
a

=—ih

0

2n252
a3

=in [1-1]=0

Do 1a diéu ching ta can chimg minh.

2.8. _a) Hay viét phuong trinh Schrudinger day du 0 dang khai trién cho truong hop
electron chuyén dong tu do trong giéng thé mot chiéu véi chiéu dai giéng 1a a.

b) Tinh gié tri trung binh ctia mémen dong lugng hinh chiéu binh phwong P2 tmg véin =
Tra loi
a) Ta biét phuong trinh Schrirdinger & trang thai dumng c6 dang:
Viy+ 2 E-U)y =0
i
Khi electron chuyén dong tir do trong giéng thé thi U = 0.

2
dv  2mp, - g

Vay:
dx? 2

Giai phuong trinh nay (xem gido trinh Co s& hoa lugng tir), ta tim duoc:

12 . nm
Wn(X) \/; sin 5 X

b) Khi n=1— y(x) = \/zsinﬂx.
a a
A 2
Mt khac: Py ——ind P2 —_2 9
dx dx?

Theo tién dé 2 co hoc luong tir ta co:

(#2) =12 [0 &5 oan
0
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a 2
-2 hzjsm xd— sin Zx | dx
a a gx? a
0
a
_ 2112 2T
== sin ade
a o
. 1
ap dung dang [sin’x = 5——sin2x,ta co:
p dung dang | >4
21212 __1 2nx)|[? _ 21212 a _ H
33 2 4 a 0 a3 2 az
2.9. Hay cho biét tng v6i nhitng gia tri ndo khi electron chuyén dong trong giéng

thé mot chiéu voi do dai la a ¢ trang thai n = 3 s& dat duoc gia tri mat d xac suat cuc dai va
cuc tieu.

Cho yy(x) =, [3 sin™ x
a a
Tra lo1

, e 12 . 3n
ung voin=3 —> yi3(X) = gsm;x.

Mat do xac suat c6 mat cua electron trong giéng la:

D(x) = PX) i = [y |7 = 2

a

23n}
=X
a

~ sin

23n}
=X
a

Mubn tim gi tri D(x) max va min ta phai thuc hién: dlij)(x) = 0. Vay:
X

/
dbix) — sinz[%xJ = EZSin%x.cos%X
dx a a a a
= ﬁsm2—x ~ sin %X] =0
a a a
, . b . 6r_ _n'a
Taxét: sin—x=0=sinn’tT—— —X =n'm —> X = &
a a

Véi n < 6 doddn nhan cac giatri 0, 1, 2,... 6.

+ Vi n’ 0 2 4 6

2.
=
=
wlo
w




+ n’ 1 3 5
Véi
x(max) a a 5a
6 2 6

L e e .y Y U . brn f AR X 1 PPN
Thay céac gia tri cua x cyc dai va cuc ti€u vao ham sin— x c¢6 thé bi€u dién bang gian d6
a
sau:

ale e 5alg

a/ 2 2

Tinh d6 suy bién tmg v&i muc niang luong 1a 17:]_2
m

2.10.

trong giéng thé 3 chiéu.

Tra 1oi
17h?
8mL?

Theo 1i thuyét E = (n2 + nf, +n2)=

8mL?

Suyra: n2 + n2 + n2 =17

y
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cho electron chuyén dong

Trong trudng hop nay, mudn xac dinh do suy bién ta phai thir cac kha ning co thé ¢6 sao

cho téng binh phwong cua 3 s6 luong tir dao dong theo 3 chiéu cua giéng thé ludn ludn bang
17. Céac kha nang kha di la:

Ny ny n,
2 2 3
2 3 2
3 2 2

Ta thiy rd rang E bi suy bién béac 3. Tir két qua nay (3 cip ny, ny, N, déu cho cung gia tri
E).

2.11. Cho phan tir N, chuyén dong gidi han trong hinh hop véi thé tich 1a 1,00 m’.
Gia thiet & T =300 K phan tur dat duoc gia tri nang luwong la 3/2 kT.

a) Hay cho biét gia tri n = (n2 + nf, + n2 )" bang bao nhiéu trong truong hop nay?

b) Tinh gia tri AE gitta 2 mirc nang lugng tng véin van + 1.

¢) Xac dinh budc song lién két de Broglie (theo m) ?
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Tir két qua thu duoc c6 thé rt ra nhan xét gi vé chuyén dong tinh tién cho N, khi 4p dung
1i thuyét co dién.

Chok=1381.10 7K' ; N = 14.

Tra o1

a) Theo li thuyét c6 dién ning luong tinh tién duoc biéu dién bang biéu thirc E = ng.
n’h?

smL?

Mit khéc, theo i thuyét lwong tir thi E =

2 2 2\ 2
. . h 22
Theo dau bai ta viét: E = §kT= (N 0y F0z)h” _ n"h (1)
2 8mlL2 8mL?2
E= 2.1,381.10’23 JK1.300K = 6,214.10%'J
2
Te(htacs: n* = I E )
h

Mit khéc, ta lai biét L’=1,00m’ — L? = 1,00 m’

2 —27 2
8mL” _ 8.28.1,66.10 “ kg.1,00m =8,536.1041 -l

h? (6,62.10734 2 ¢?

Thay gia tri tinh dugc vao (2) ta s€ nhan dugc gia tri n:
n’=8,536.10" 1. 6,214.10%' J = 5,304.10*

n = 7,28.10"
2 2
b) AE = Epy —E, =+l 2"
8mL? 8mL?
_ h? 2 2
= 5 (n"+1+2n-n°)
8mL
h2
=(@2ntl)—— (3)
8mL
Thay gi4 tri n da tim dugc vao (3) ta co: AE=1,71.10""J

¢) Mubn xéc dinh A lién két theo hé thirc de Broglie ta phai biét v chuyén dong ciia phan
tur N,. Dicu nay c6 thé rit ra tu:

Ex = 1mv2= §kT —> v = /ﬂ =517 m.s
2 2 m

Vay budc song lién két de Broglie la:

—34
L 6,62.104Js = 27510 m

mv  28.1,66.10 2'kg.517m.s

Nhu vy, v6i gia tri A tinh duogc ta ndi rang chuyén dong tinh tién cta phan tir N, c6 thé
biéu dien dugc bang li thuyét co dién.
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2.12. Hiy xac dinh luong phan tram bién dbi bao nhiéu d01 V01 mot mure nang lugng cho
trudc clia vi hat chuyén dong trong giéng thé 3 chiéu néu mdi canh cua hop thé giam 10%.

Tra 101

Cong thirc tinh nang luong vi hat trong hop thé 3 chiéu co dang:

- (n? )

=(n?+n3+n

1 2 3 a2

Ta dit phan cac dai lugng khong doi la: (n? + n3 + n3)— =K
K

thi gia tri Esé la: E = —-
L

Dé xac dinh luong phan trim bién doi ctia nang lugng khi mdi canh cta hop thé giam
10%, nghia la:

K__K
272
AE_08 L 1 4 _ 3
E K 0,81
12
Nhu vay mirc ning luong bién doi 1a 23%.
2.13. Hay xac dinh x4c sudt tim thiy electron ¢ giira 0,49 L va 0,51 L chuyén dong
trong hop thé mot chiéu vdoi do rong cua giéng 1a L cho céc trudong hop sau:

ayn=1; b)n=2.

Gia thiét ham séng mo ta electron dbi véi truong hop nay duge xem 1a hang sb trong
khoang 0,49 L + 0,51 L.

Tra 101

a) Xac suat tim thiy electron trong giéng thé dugc biéu dién bang:

0,51L
P = f y2dx = w2 Ax vi ham la const.
0,49L
) 1/2 i
Ta lai biét: Yy = |=| sinn—x
L L
Véin =1 s& dan tdi:
\V12 = gSiHZEX: gsinz 1 1_|_ = ESiHZE = g
L L L L L 2 L

Vi & gifta nén x = %L
Viy xac sudt tim thiy electron trong giéng thé s& 1a:

P = y?Ax = _(o 51—0,49)L = %.0,02L = 0,04
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b) V61 n=2 tas€ co:

2 .o m
= —_— 2 [
\4/% i sin i X
= Esin2 2 1—L]
L L 2
_ sin’m = 0,0
L
Vay P =y3.Ax = 0
2.14. Hay xac dinh su bién thién nang luong AE theo J, kJ .molfl, eV va cm’!

gilta cac muc nang luong Gng voi:
a) ng=2; n=1
b) n.=6; n=>5

Cho 1 electron chuyén dong trong giéng thé mot chiéu cé chiéu rong 1a 1,0 nm.

Tra lo1
> h?
Nang luong dugc tinh theo E =n 5
8mL
—34\2
vay:  E=__©62107) 5051020y

 891.10%1.(1,0.10 %)
Céc hé s6 chuyén dbi: E (kJ/mol) = % E (J)

leV=1610"J;, 1lcm'=1,986.10717
Tir céc s liéu nay ta d& dang tinh dugc AE theo cac don vi J, kJ/mol, eV, cm .
h2

s = 3.6,02.10%°J
8mL

a) AE2_>1 =E2—E1 = (4— 1)

Vay két qua thu duoc la:
AE,; =1,806.10 " J=108,72 kJ.mol ' = 1,13 eV = 9093,6 cm "
h2

s = 11.6,02.10%°J
8mL

b) AE(,_>5 = E(,— E5 = (36 — 25)

Ciing bang cach tinh va chuyén d6i don vi twong tur ta c6 két qua sau:
AEg,s= 6,62.10"°J = 398,5kl.mol ' =4,14eV =33,333 cm"
Nhu vay ta c6 nhan xét muc ning luong tach trong giéng thé ting ty 1é thuan voi n.

2.15. Hay tim gi4 tri dong ning thip nhat cho mot electron chuyén dong trong giéng
thé 3 chi€u tuwong tng vai kich thudce sau:

0,1.10’13cm; 1,5.10713cm; 2.10 % em.

Tra 1o1
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ap dung biéu thtrc tinh ning lwong cho electron chuyén dong trong giéng thé 3 chiéu:

8m a2 p?2 &
Vi a=0110"cm = 0,1.10° m

b=1510"cm = 1,510 " m
= 2,0.10 " cm = 2,010 ° m
& trang thai co ban (mg véi ning lugng thip nhat):

ny =ny=n,= 1. Vay:

E = h—2 i+i+l Thay s vao ta co:
8mla?2 b2 2| Y °
E = 6,067.10°%]

2.16. Mot qua cau bang thép néng 10 g chuyén dong doc theo san nha 6 d6 rong la
10 cm voi téc d6 1a 3,3 cm.s . Hay tinh sb lwong tir n img v6i ning lwong tinh tién khi qua
cau chuyén dong.

Tra lo1

Ta coi qua cau chuyén dong trong mot hop thé voi do rong a =10 cm = 0,1 m. Pong ning
clia qua cau la: E = %mvz. Gia tri nay khi quéa cau chuyén dong dugc xem nhu electron trong
giéng thé 1a:

2 22,2
h 14 tri 2 4m’a > . Thay cac gia tri

E=n’ . Tur 2 bi€u thirc nay ta rat ra gia trin la: n” =

8ma
tuong tng ¢ h¢ SI ta duoc:

n=0,995.10" ~ 1.10%.

2.17. Gia thiét mot hop thé mot chiéu voi do rong a = 10 nm c6 mot vi hat chuyén
dong dugc mo ta bang ham song:

2 .. ,.
Yy = ,[=sin—=xvdl n=1
a a

Hay xé4c dinh xac suat tim thay vi hat cho céac trudng hop sau day:
a) Gitra x = 4,95 nm va 5,05 nm;
b) Gitta x = 1,95 nm va 2,05 nm;
¢) Gitra x = 9,90 nm va 10,00 nm;

d) ¢ chinh gitia a;
e)x 0 1/3a.
Tra 1oi a X

Xéc suat P la:



nm.

a . 2n ]
X ——Ssin—X
2n a

Cc

_d-c 1 [ 2n . Zn]
= —— — — |sin—d—-sin—
a T a a

a) P(4,95; 5,05)

0,10 1 [ 27 .5,05 . 2n.4,95]
sin —sin

10 20 10 "0

0,010 — zi(— 0,03141 —0,03141)
T

= 0,02
b) P(1,95; 2,05) = 01_:)0 _ 21 [Sin%2,05—sin%1,95]
T
0,007

Mot céach tuong tu ta cling thu dugc gié tri P:
¢) P(9,90; 10) = 6,56.10°
d) P(5,00; 10) = 0,5

2

1 1
—a;—a
33

l 2n 2 2 1
3 21

sin—.—a—sin—.—a
a3 a3

e)P

Sau khi bién d6i va khai trién ta thu dugc: P =0,61.

2.18. Cho electron chuyén dong trong giéng thé mot chiéu véi do dai
Hay tinh ning lwong cic muc theo J; kJ.mol; eV va cm ™' cho cac truong hop sau:

a) ng=2; n=1

b) n.=6; ng=>35 n=6
CholeV=1,6.10"7J; 1cm ' =1,986.107J r s
Tra lo1
, h2
ap dung cong thirc chung E=n 5 n=.
8ma J, n=l,
o <L 0 x a X
bé dé dang ta tinh phan co dinh:
2 —34 12
h2 (6,62.10734 Js) 6021027

8ma’  8.9,1.10 3'kg.(1,0.10 % mYy

60

a=1,0
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h2
8ma

a) AE(J))=E,—E, = 4-1) = 3.6,02.10%J = 18,06.10%"J

2

AE (kJ/mol) = AE(J).107°.6,02.10 > = 108,36 kJ.mol '
AE(J) _ 18,06.10°%°

AE (eV) = =1,125eV

V) 1,6.10°1° 1,6.10°1°

4y _ AE(J) 1806107 _ o

AE (cm™) = = =9063 cm

(cm™) 1,986.1072  1,0986.10 3

_ _ h? _ h? _ 20

b) AE = Es—Es = 36 -25)—— = 11.— =11.6,02.10J
8ma 8ma

Ciing béng cach tuong tu nhu cau a c6 cac gia tri AE: 6,6. 10°J; ~ 400 kJ.mol™'; 4,1 eV;
33.000 cm .

2.19. Tinh gia tri ndng luong cho nguyén tir hidro ¢ trang thai co ban theo don vi SI
va theo eV. Chom.=9,1.107" kg; h=6,62.10>" Is.
Tra lo1

Biéu thtc tinh nang luong cho nguyén tir hidro thu duoc tir viée giai phuong trinh
Schrirdinger c6 dang:

4
E= 2 K
n“Hh
. . . me* .
O trang thdi cobann=1 — E =——2k
2h

Trong cac phép tinh hé s tuong tac tinh dién k duoc tinh nhu sau:
1 1

k = =
4ne,  4.3,14.8,854.10 12N "'m2
N.m?2
= 8,99.10° =L
N
N.m.m
=910 221
N
J.m
=9.10° =2
N

Thay céc gia tri twong tng vao biéu thic tinh ning luong s& co:
~31 —194 4
_ 9110 kg.(1,$120 2 )20 ©.10% L
2.(1,055.10" )2 J2s ¢
=-2,179.10 " kg.m’s? =-21,79.10 " J.

) Déiqvéi nguyén tr nguoi ta thuong sir dung don vi phi SI ¢ dang electronvolt (eV) voi hé
s6 chuyén d6i 1a 1 eV = 1,6.10" I. Vay két qua trén s& la:

-21,79.10°J: 1,6.10 " J=-13,61 eV.

E
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Théng thudng ngudi ta chap nhan gia tri nay dbi voi nguyén tir hidro & trang thai co ban
la:

Eis = E% =-13,6¢V

2.20. Gia su 2 electron dugc tach xa nhau trong chan khong mot khoang cach 1a 3,0
A. Hay x4c dinh thé ning twong tac tinh dién theo don vi SI.

Tra 101
y e2 .
Thé nang U = —k. Khoang cach gitta 2 electron la:
r
r=30A =3,0.10""m
—19,2
_ (161019 9100 Im

Do do
3,0. 10*10 Z

U= 7,691

2.21. Nguoi ta biét hai ham séng mo ta trang thai electron trong nguyén tir hidro &
trang thai kich thich chua chuéan ho4 c6 dang sau:

a)y=[2-"|e"%

aO

—r/2a,

b) v =rsinf.cospe
Hay chuan hod hai ham song nay.
Tra 1oi

ap dung diéu kién chuan hoa: j yydr =1

a) JN 2- L le/22 N
aO

¥

2— L] e~ "/2% r’drsinfd0deo
aO

4__+ e "2 drsinfd0de = 1

T

2 4fr2e’”a°dr —ifr3e’”a°dr f e /3ogr jsm@d@ fd(p =1
aO
0 0 00
o
, , A n_-ax n! ,
Str dung dang tich phan: j xe dx=-—- taco:
n-+1
0 a
! ! !
N2|4 2.3 4 3.4 iz 4.5 _
1] (1] (1
a0 a0 aO

N°.327mad = 1. Tlr d6 suy ra hé s6 chuan hoa l:
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1
J32.nad

b) jwzdr =N2jrzsin29.cosche_”a° dt = 1

N:

00 n 2n
2 4_—r/r -3 2 —
N {re Odr.{sm ede{oos odo 1

Str dung dang tich phan J sin’0deo = —% cosO(sin’0 + 2)

va ]coschd(p = g + %sin 2¢ s& dan dén két qua:

Heé s6 chuan hoa trong truong hop nay sé la:

N=__
J32.nad
2.22. Hay khao sat mat d6 xac sudt cao nhat dbi voi obitan 2p ctia nguyén tir hidro.

Cho R(r) = 1 ag%2re %,

2/6
Tra 101
Mat d6 x4c suét & khoang cach r dbi v6i hat nhan dugce biéu dién bfmg hé thuc:
D, = dder = |R|??
Dbi voi truong hop AO-2p, mat do xac suat cuc dai dugc xac dinh nhu sau:
2

1 __5/2 riza | 2
D, = |Ry|? = |—=a;°/% %0 ¢
r 2p 2\/6 o
1
— _51.4'e7r/a0
24a;

Khir=0vaoo thiD; triét tiéu.
XA . n dD,
Muon biét Dy(max) ta phai thuc hién: o 0.

4

"

4
aO

D1 &M=

Dé thoa man diéu kién nay khi r = 4a, s€ c6 D, dat gia tri cuc dai, nghia la mat d6 xac SuAt
cao nhat dat duoc khi r = 4a,.

2.23. Ta biét rang khi electron chuyén dong thi hinh chiéu mémen goc (obitan hay
spin) theo mgt phuong z s€ tao chop non.



theo hinh hoc ta co:
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a) Dya vao md hinh vecto hiy tim biéu thirc tong quat dé tinh goc 0 tao thanh theo ¢ va

b) Tim goc O bang bao nhiéu cho trudng hop spin a.

¢) Ching minh goc 0 dat gia tri cuc tiéu khi £ — oo.

Tra lo1

a) Hinh chiéu ctia mémen goc theo so dd vecto dugc biéu dién theo hinh bén. R rang

A

m
cosd = !
[e(e+1)""2
my
m
Tu d6 6 = arccos————— 12
1] 72 S T10+1))
b) Pdi véi trudng hop electron o ¢6 mg = % hay s = % . Piéu nay ciing c6 nghia 1a mdémen

hinh chiéu obitan trén phuong z s& dan t6i:

m, — mg; £ —> s.

Nhu vay goc 0 tao thanh co thé xac dinh duoc 1a:
1

2 =arccosl —> 0

1/2 \/5

0 = arccos 54°44°

:

¢) Mudn dé goc 6 dat min thi m, = /. Luc nay ta co thé viét:

lim 6,,;,, = lim arccos
|—o0 | —o0

11 +1)2

. V4
= lim arccos— = arccos1 =0
{— 00 b4

Nhu thé goc Omin khim, = /.

2.24. Cho ham géc Yi3 = /6375 sin’0e*® hay chimg minh ham nay 14 chuan hoa.
T

Tra 1o1

Mubn chimg minh ham Y di cho 14 chuan hoa nghia 14 biéu thirc:

jY§3Y33dT =1

& day Yaz = /% sin’0e . Thay cac gia tri ham Y33 v Ya3 vao biu thirc trén ta co:



T 21
f f 135 indpe 3 138 sin*6e* sin0dode = 1
00 V647 64n

e 2n
% bf $in°0sin0do { do =1 hay

e
35 . 20\3 _
%.211 bf (sin“0)’sin6dO = 1

Tadit: sin’0 =1—cos’0 va sinfd® = d(cos0).

Nhu vay biéu thire trén dugc viét lai 1a:
+
% £ (1 — cos’0)’d(cosh) = 1;
Véi cosB = x, biéu thic nay c6 dang:
+
35 2390 — 1.
§£(l—x)dx—l,
Khai trién (1 — x*)° ta thu duoc:
+
% _f (1 - 32+ 3x* — x%)dx

1

35 X—x3 +§x5 —1x7
32 55 7).,
£ s A ~ 11, 35 32 A 1 ~ \ s 2 ,
Két qua cuoi cung sé la: 23 1. Vay ham Y33 da cho 1a ham chuan hoa.
2.25. Ngudi ta biét ham g9 d6i v6i ion gidng hidro, hiy chirg minh né 1a ham

riéng cua toan tir Hamilton H va tinh tri riéng tuong Gng.

32 _Zr 1
.e %o Yoo = — : H=-2_V*+U.

Cho: Ry = 2|%
10 [ Tan o

9

Tra 101
Ham Y100 = R]().Y()o hay
Zr

3/2 _4&0 1 3/2 11/2 _&
O IR R

(0]
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3
Wioo = \/%-ezr (au)’

Toantr H=—V"+U=—
2m 2m

2
A2
r

1

2
Vi +r—2

Do ham oo chi phu thudc vao r nén dang cua toan tir H 1a:

- 12 Z
H=—V; ——(au
V@

nén I3|\|1 = l—lvf _Zz i e 2r
2 r T

Mit khac ta lai biét:

v? - 11222 én

r2 or or
) 3
Hy = 1110f20) 2 \/g.ezr
r2lorl o)l r|\n

2r2
3 2 3
_ z_{z -zr_z_e-zr]_z Z
Tor 2 rym
_ |2 nlz 2 2
T r 2 r
2 3
:_Z_ Z_.efh
2 e

Nhu vay cuoi cung ta cé biu thuec:

o R 3 2 3
Hwyi0 = H Q/Z_ e = _ZE e
o 2 oL

* N - N
Thong thurdng nglrdi ta biéu dién cac dai lwong lrong t& bang don vi nguyén t (au - Atomic units) va quy W&c nhwe
sau:
. "
=1; m =1; e =1 va a = — =1

AL
271: e o o meg
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; 3 R 2
Két qua nay da chi rd ham y g0 = ,/Z— . “"1a ham riéng cua toan tr H va —Z? 1a tri
T
riéng cua toan tir nay.
2.26. Dua trén khai niém mat d6 xac suat (D) tim thdy vi hat, hily khao sat sy bién
thién D do1 vé1 AO-2p, bang cach xay dung duong cong D = f(r) tmg v&i cac gia tri goc 0 cho
trude 1a 0°, 30°, 45° va 60°.

Cho AO-2p, = 1 ag5/2r. e /2% cos0

Tra 1061

Theo li thuyét vé khai niém mat d6 xéac suét D ta co:

D =vyvy =yl
Thay céc gia tri ham AO-2p, vao ta dugc:
1 12, /2 i
-5 —r/2a
D = a, ‘re ° cosH
\4@ °
1
= o a;% 1% e " cos’0 hay
1 r §
_ - r/8g g2
= @aos [a—o] e "% cos 0
bat A —La_3 — =Xx,taco
R2n ° " a,
D = Ax’e “cos’® hay
b = x%¢ *cos’0
A

2 , A: o \ PPVRN B I , o, e ;g -
Biéu thirc cudi cung nay chi rd - la mgt ham cia — Ung véi goc 0 xac dinh hoac ta
aO

.z, D
viét: — =f|-—
A a,
Ta lap bang sau:
:g\ 0,5 1,0 1,5 2,0 2,5 3,0 3,5 4,0 4,5 5,0
0 0,152 | 0,368 | 0,502 | 0,541 0,513 | 0,448 | 0,370 | 0,293 | 0,225 | 0,168
30 0,114 | 0,276 | 0377 | 0406 |0,385 |0336 |0,277 | 0,220 | 0,169 | 0,126
45 0,076 | 0,184 | 0,251 0,271 0,257 | 0,224 | 0,185 | 0,147 | 0,112 | 0,084
60 0,038 | 0092 (0126 |0,135 |0,128 | 0,112 | 0,012 | 0,073 | 0,056 | 0,042

V6i nhiing gia tri /a, (g voi cac goc 6 cho trude chung ta dé dang xay dung duoc dudng

cong phu thudc gitra mat d§ xac suat D va r/a,:
DI\

A
05t
04t
0,3 t
0,2 t
0,1t

.




1 2 3 4
2.27. ¢ trang t..... .. ban, . song 1. ... nguy¢.. ... aidro .5 SO, -5
1/2

‘e—r/a0

=

Véi a, = 0,53 A (ban kinh Bohr thir nhat). Hay:

a) Tinh xac suat tim thiy electron trong pham vi qua cau c6 1, = 0,01 A
bao quanh hat nhan.

b) Xéc dinh x4c suit bang bao nhiéu néu ban kinh qua cau dat dugc r = a,.

Tra 1oi

Xac suét tim thiy electron trong pham vi qua cau bao quanh hat nhan nguyén tir hidro
duoc viet dudi dang:

|\I!1s|2dr voi dt = %nrg

1 4
e 2r/a, _nr(:)%

|\4!1 |2dT
S nay

To e—2r /a,

-4
3

Thay céc gia tri r, = 0,01 A va a, = 0,53 A ta co:

3
2 4 (0,01 —2r/a
dt = —|==| e o
|\|fls| 3 [0,53]

a) Khi r = 0 thi xac suat P s& la: % [g— e 0/058 =8 9510°~9.10°°

4 (0,01

b) Khi r=a, thi x4c sudt P s& la: = |22 | 2 = 1,21.10°
310,53

Nhu thé x4c suit tim théy electron dat duoc cao hon khir = a,.

. _ 4 52
2.28. Cho ham R3, = —= a,
o7l °

a) Hay x4c dinh mat do xac suat theo r.

r
2 efr /330
3a,) °

b) Biéu dién két qua thu dugc trén do thi.
Tra 1o1
a) dp: = ‘ R® ‘ > dr
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2
d _
D, = 2P |R2| o5 27/32

4
dr [27J€

i 5 4 r
= az r|2———
° [ 3a0

4 1 4 2 _-2r/3
D, — | —=[r"(6a,—1) e, "%
[sz ool [ (0271 &0

£ \ D 2, a ar 2A s £ £ L1 N
Lay dao ham _dd L =( d¢ xac dinh mat d6 xac suat tim thay electron theo ban kinh r va tién
r

hanh mét so phép bien doi sé dan téi biéu thuc:

dD 4 P 1 3 2 _—2r/3
r=|__—_ 2r°(6a, — 1)° e, <" 2% [6a,(6a, — 1) — 3a.r — 1(6a, — 1)]=0
e e RS R CYCS BE NS CR)
2
Pat FL-J@=A ta cé:
276 2743
dD,

- A2r(6a,—1) 6527 3% (1* — 15a,r + 36a2) =0

RO rang tir biéu thirc nay D; triét tiéu khi r =0, oo va 6a,,.
D, dat dugc gia tri cuc dai khi:

1> — 15a,r + 36a2 =0
Gidi phuong trinh bac 2 nay s€ c¢6 2 nghiém:

ri =3a, va rn, = 12a,.

b) Céc gia tri thu dugc & cau a) co thé minh hoa trén d6 thi nhu sau:

ihh Rjo = N.e %"/chua chuin hoa, con ham

Ham s c6 dang tong quat 1a:

Wis=Wioo = Rio.Yoo

Dé tim thira sd chuan hoé ctia ham Ry ta ap dung biéu thirc:
j w*wdr =1

Pé tién cho cac phép tinh, thudng ngudi ta ki hiéu r/a, = 6. Vay biéu thirc trén co thé viét
dudi dang tong quat la:
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T 2n
f RZ,r°dr. Y, Ym [sinbde [de =
0 0
Do ham goc da chuén hod nén ta chi can xét ham Ry,. Nhu vay biéu thirc c6 thé viét:

o o
f Rrkdr = N? f e 243 Pqr = |
0

[o.¢]
= Nzagfe’zz"cszdc =1

[o.¢]
hay = N*a3 f c’e % do =1
0
Tich phan nay thudc dang f x'e “dx = —— nénta co:
an-s—1
N?ad 2 —N?ad 1 =1,
(22) ° 4
3/2

3

Tur d6 suy ra: N? = 4z hay N = 2[i
3

ay a,

Vi thira sé chuén hoa N tim duoc ta cod thé viét ham ban kinh R, di chuin hoa nhu sau:
3/2

2.30. Cho ham song 5 va ya, d6i voi nguyén tir hidro 1a:

1 82 g rla

1s — —F—. .e
Yis N
1 a2 r| —r/2a
25 = J2——1e °
Ve = 2

Hay chimg minh rang hai hiam nay truc giao voi nhau.
Tra loi

ap dung diéu kién tryc giao j vydt = 0

hay wlswzsrzdrsineded(p =0

o\_)g
o\:u
o\gb

Nhu vdy dé xét tinh tryc giao ta chi chii ¥ dén cac biéu thirc c6 bién s theo r, 0 va ¢; cac

dai luong khac dugc xem 14 hang s6.

L .e /%% 2drsin0d0de = 0

!

o\.:\

2n
fer/a
0
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27 r2e 3 Zoqyr —17 e Zoqr . } sin6do. 7d(p =0
0 %% 0 0

Str dung dang tich phan f x'e dx = :_J'A ta d& dang thu duoc két qua:
0

a
!
L [ 3, 7R )
3) %3
2a, 2a,
4 3= 4 4t = 0

3 |3

2a, 2a,
Két qua nay da ching t6 2 ham iy va o 13 truc giao v6i nhau.
2.31. Déi véi cac ion giéng hidro ngudi ta da xac dinh dugc ham séng:

3/2
11z —7r/a,
= | — e 19)
\IIIS \/; [ao
a) Hay xéc dinh gi4 tri trung binh 1 (r 1a khoang cach tir electron dén hat nhan) cho AO-
r
Is.
b) Tur gia tri 1 thu dwoc hay tinh gia tri trung binh cho thé ning cuia electron.
r

Tra o1

Gia tri trung binh 1 duoc xac dinh theo biéu thirc:
r

(2=

0
& day ham , d3 dugc chuan hoa:
3

1 |z

(-

Céc tich phan ¢ day déu thudc dang co ban (xem bai 2.25) nén dé dang ta thu duoc két
qua sau:

Wlsl WZSrzdrsinGde(p
"

o\;\
o\@

1 jrefzz” % dr j“sine de. 7d(p
Y
0 0 0

3
1

T

a, z
—OJ 22 = =
aO

N

b) Thé ning trung binh cta hé dugc x4c dinh theo biéu thirc:
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U= —Z?. Qua vay:

_ 2
%o E
z
2.32. Duya vao tién dé ctia co hoc lugng tir hiy x4c dinh khoang cach trung binh tir

electron dén hat nhan tng véi trang thai c6 mirc nang luong thap nhét trong nguyén tir hidro
va cho nhan xét.

1

Cho y = e "%, a2, =053 A.

nag
Tra 101
Khoang cach trung binh duoc biéu dién bang hé thic:
< r > = j v yde
1/2
e /3% 1 *drsin0d0de

1 %5 T T
- ;g{r% 2r/‘E'Odrb({‘sm@d@. {d@

Str dung céc tich phan (xem bai s 2.25) ta c6:

|
S 2om=2a,= 20534
) 2™ 7 2
ao]

Vay (r)=0795A.

1
nay

Véi két qua thu dugc nay ta nhan thdy mdi phép do c6 thé cho mot két qua riéng nén ham
song mo ta trang thai electron khong phai 1a ham riéng cua toan tir 7 .

2.33. Cho ham song s d6i voi nguyén tir hidro 1a v = 1 e /3

nag
V61 a,- ban kinh Bohr.
a) Tinh x4c suit tim thiy electron trong ving bién d6i cua r tir 0 — 2a,.
b) Hay cho biét x4c sut ndy & ngoai khoang 2a, 14 bao nhiéu ? Biét  dt = 4nr’dr.
Tra lo1

3

& 2 2, 1 _2r/a )
a) P = f\V1Sd’C = f—e °4nr-dr
0 0 ™o
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P =ik° —2r/a2
/e
)

Thuyc hién phép 1y tich phan timg phan j udv = uv-— j vdu va mot sé dang tich phan

khéc nhu j e™ dx = ¢™/a s& dan dén két qua sau:

3 3
P =—i3 2ale™* +ade ™ + 0g4_Zo
a3 4
—4
—_4)3e eT—l = 0,7624

b) & ngoai khoang 2a, c6 nghia 12 xac suat tim thay electron bang xac suat toan khong gian
1,00 — x4c suét trong vung tir 0 — 2a,. Vay:
P = 1,0-0,7624 = 0,2376
2.34. a) Tinh gia tri thé nang trung binh ddi v6i nguyén tir hidro & trang thai co ban.
b) Ching minh rang dong ning trung binh ciia electron d6i v6i hidro & AO-1s bang ning
lugng tong cua chung & trang thai nay nhung nguogc dau.

Cho y 5= % e_r/a°, dt = 4nr’dr

nag
Tra 1061

a) Thé nang trung binh dugc xac dinh theo h¢ thuc:
m ~
< U > = lesU WlsdT
0
Thay gia tri ham y 5 vao biéu thire nay ta co:

o1 —r/a
U )= o
(U) bf 3 °©

ne” . “h _ory
= — 3kfre_ra°dr

(0]

o

N

. > !
Lay tich phan nay theo dang f Xle¥dx = U taco:

an+1
2 2 2
4
()=t ) - 2
nag o 4a; EN
a

b) Tir két qua thu duoc cho bai toan nguyén tir hidro, nang luong c6 dang:
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4
E=——2 K
n“h
_— A ‘ w1
Mat khac ta lai biét ban kinh Bohr a, la a, = — —.
me® k
&2
Thay gia tri nay vao Etaco: E =-———k.
2n“a,
¢ trang thai co ban n =1 thi gia tri E s€ 1a:
2
E=-°k (1)
2a,
Gié tri dong nang c6 thé rat ra tir biéu thirc:
E=T+U— T=E-U hodc
2 2 2
T=_%|_ [_e_k =%k )
2a, ag 2a,

_ Sosanh (1) va (2) ta nhan thiy gia tri T va E 1a nhu nhau nhung nguoc dau. Do 1a diéu
can ching minh.

2.35. Cho ham gbc cua nguyén tir H ¢6 cac gia tri sau:

1/2 _
sin 6cosfe'? .

172 _
Y14 :[QJ sinGe?; Yy =

Hay ching minh ham Y, la chuén hoé va 2 ham g6c Y1 va Yy la tryc giao véi nhau.

Tra lo1
. ) T 2%
Piéu kién chuén hod la: [ [Yi;Y;_dr=1
00

Trong trudng hop véi ham Y., va Y1 ta co:
1/2

n 2% n 2% 3 _ 3 1/2 _
* _ ~ ; —ip| 2 ; 10 o
{{Y11Y11dr_{{[8n] sinf.e [8n] sin0.e” sin 6dode

3 T 2n 3 b
:—fsinesin2edequo:—Xansinesinzede
87:0 0 8n 0

—Ej(1 — cos? e)sin 0do
=3 0

= :1 .
bat x = cos0 = =0 = X dx = —sin6d06
0=2n X =-1
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{{Y1*_1Y1_1dr=%!(1—xz)(—dx)z—%f(1—x2)dx =%f(1—x2)dx

1
X3

3_

3

4

22
3

=1

D6 1a diéu can ching minh.
Trong trudong hop véi ham Y. va Yo
. n 2n
bicu kién truc giao la: ffYéH Y, 4dt=0
00

n 27 15\1/2( 3 \1/2 ©.2n _ _
ffY§1Y171dr: — [—] ffsin 0.cos0.e'?sin0.e'?sin 6dode
00 8n 8n 00

45 1/2 n 2n _
_ [_] fsin3 eoosedefefz""dq)
64n 0 0

2n 2n
Ta nhén thay tich phan f e 20dp = f (cos2¢p—isin2¢)d¢ & day co tich phan cos2¢ va
0 0
sin2¢ (0 + 2n) la bién dbi theo chu ky vong nén sé triét tiéu. Vay biéu thic trén s& bang
khong. B¢ 1a di€u can ching minh.

NI 1 (277 ‘
2.36. Cho ham séng cua ion hydro yyqg = E[g ce %2 cosh va
Voo = \/312_75[5]3/2(20)56/2 VGi o zi—;. Hay ching minh:
a) Ham 40 1a chudn ho;
b) Ham w4 truc giao voi ham o .
Tra loi
a)
. _oorr27t 1 (27322 _ZZ?FO 22 .
fW21o\V21odT—{{{ NS g ge cosO| redrsin 6dodo
= 11z i Oj‘]zfnrze_%r cos? Or2drsin 06dode
32rn|a, 000

T

1 (zV %4 2" 2o 2R
=—|= fre °drfcos esmedequ)
0 0 0
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n!
n+

o
ap dung fx”e_axdx =
0

bat cosd = x = dx = —sin0do {g i 0 x=1

5 1
X 11(Z 4!
f\V21o\V21odT_E[g] 27‘f"2<_dx>

5
1 2] 242
32n|a,

Ham yyg 1a chuan hoa.

Zr

3/2 _“
[2 —E]e 23, |«
aO

oo T

2n
b) [wioowz10dt= [ [ [ \/3177{
0700

Zz
a

32 _zr
—]e 235 cos0|r2dr sin 0d0dex

1 (z)*% AR F
— [_J P2 aodrfsin Ocosedequ)
0 0

ao

zr T 2n
Zr| "a. .
2—}5 °drf23|n Ocosedequ)
o 0 0

_1L547r3
- 2'32n|a, !
Zr n

4 _&b
5] r3[2£]e aoolrfsinzeole
a0 a0
0 0

T
Ta nhan thay f sin20d0 = —2 oose|g = 0. Nhu thé ca biéu thirc trén sé triét tiéu. Do 1a
0
didu can chimg minh.
1/2 ) i
2.37. Cho ham séng Yo = [4—] cos0, hay cho biet ham nay c6 chuan hoa hay
s
khong?
Tra 1o1

Mudn biét ham Yo c6 chuan hoa hay khong ta thuc hién phép tinh sau:

76
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2% 1/2

[ YioYiodt= { { [4:3_75} oose[4‘°’—TE

3 T 27 3 2n
:—fcoszesinedequ):—fcoszesinedGXZn
4750 0 4750

1/2
cosOsin 6dode

32n
_9 2 nai
_z{oos 0sin 0doO

bat cosb=x = dx =-sin6d6 0=0 — x=1

=21 > x=1
* _ 3 2 _3 2 _3 X 1
fY1OY1OdT—_E[X dX—Ej;X dX—EX? _1 =1

Nhu vay ham Yo 13 chuén hoa.

2.38. Hay chiing minh réng ham séng dbi véi AO-2p, c6 gia tri cyc dai doc theo truc
1 (2% 20—z
z. Biét = | & £ e 4% cos0.
Yoo = 4o lag) 2

Tra 101
A A 2 sros . . d\V2p —
Diéu kién dé AO-2p, dat gia tri cuc dai khi WZ =0.

Thuc hién dicu kién nay ta co:

3/2
dyzp, _ 1 2| L g Zriza, (~sinB) =0
o 42n |a,] a '
d
hay % =—Asinf=0

Muén thoa mén diéu kién cua bai toan thi 0 chi co thé nhan gia tri 0 = 0 hoac 6 = . biéu
nay ching té gid tri cuc dai cia ham 2p, bién d6i doc theo truc z.

2.39. Hay chimg minh rang t6 hop tuyén tinh nhitng ham riéng khac nhau tmg voi
cling mot tri riéng thi td hop nay ciing s& 1a ham riéng clia toan tir H va tri riéng 14 suy bién.
Tra loi
Bai toan ham riéng c6 dang tong quat 1a:
Ay =ay
Phuong trinh Schrirdinger & trang thai dimg ciing thudc dang nay. Néu ta goi y, 1a ham
riéng, E, 14 tri riéng cta toan tir Hamilton H thi phuong trinh 1a:

H .= Eaya
()

Mot céach tuong tu: H Wy = Epyp (2)
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Nhan ca 2 vé cia (1) v6i ¢, va ctia (2) Vi ¢y & o

caH Wa= CaBaya
3)

o H yy = coEpyip
“4)
Cong (3) va (4) khi E,= Ep,=k ta cé:
H (CaWa T CoWb) = K(Ca Wa+ Coib) (5)

Phu:ong trinh (5) chung té CaVa + coWp 1 t6 hop tuyén tinh cac ham riéng khac nhau cua
toan tir H, k 1a tri riéng cua H . Piéu nay ciing c6 nghia E, = E;, 1 nghiém cua phuong trinh Hy
= Ey va tri riéng bi suy bién 2 1an.

Truong hop E, # Ey, # k thi phuong trinh (5) khong ton tai hay:
H(CaWa + CoWp) # K(CaWat CoWp)
T6 hop tuyén tinh ¢y, + coyp s& khong phai 1a ham riéng cia toan tir H.

Vay chi c6 t6 hop tuyén tinh ca\ua+ cpWp thod man phuong trinh (5) méi 1a ham riéng cua
toan tir H va tri riéng E bi suy bién 2 lan.

Tir két qua chimg minh nay ta nhan thay: v, 4m, = Ra,.Yym, dem dp dung cho truong
hop cu thé sau:
Va1 =Ra1. Y1
Yo = Ro. Y

Hai ham w2 va y,1.; chi khac nhau & s6 lugng ttr m,. VAy khi xét ham  ta chi can cha y

dén ham Y nén t6 hop tuyén tinh hai ham obitan ching ta chi can lap t6 hop tuyén tinh 2 ham
g6c Y tuong ng.

2.40. Dua trén khai niém mat do xac suét theo gdc hay khao sat hinh dang cac AO-s
va AO-p roi rat ra két luan can thiét.

Tra 101

Theo li thuyét, mat do xac suat theo g6c duoc biéu dién béng hé thire:

DO, 9)=YY=|Y|>
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 ¢0day phan phu thudc goc cua Y khong phu thude vao goc 0 va ¢. Nhu thé mat do xac
suat s¢ la:

D(0,p) = | Yool 2= L 1a mot hiang sé va hoan toan khong phu thudc goc 0 va @.

Jin

Diéu nay c6 nghia 1a xac suat tim thay electron déu c6 ddi xing cau véi ban kinh r = 1 .
T
Thong thudng ngudi ta biéu dién hinh dang AO-s 1a mot duong tron.

e Ta chuyén sang xét AO-p. Vi du AO-2p, (¢ =1, m,= 0).

pz=Yi0= ﬁcose -1 3 coso

2Jn Jan
Néu chon 1 lam don vi thi p, c6 dang: p.= /3 cosd
Jar

Nhu vay su bién thién cta p- phu thude vao goc 0. ¢ day ta chon diém 0 lam géc toa do
sao cho no trung véi hat nhan nguyén tr roi tir do biéu dien ham nay bang nhirng doan thang
ung voi nhiing géc 6 xac dinh.

Tt hinh trén ta nhan thay:

—Khi8=0° cosO =1 ta cd doan OA=+/3 nam trén truc Oz ung vai gia tri lon nhat.

— Khi 8 =90°, cosd = 0, doan AO tién t&i géc toa d§ O, nghia la mat ph'fmg xOy vudng
gbc véi truc Oz lam thanh mdt mdt nht cua ham p,.

—Khi 0 =45° cos0 = % ta c6 doan OB: OB = O—2A V2

Nhu vy diém B nam trén nira dudng tron dudng kinh OA = /3. Néu ta quay nira duong
tron quanh tryc z s€ c¢6 hinh cau duong kinh OA ti€p xuc véi mat phang xOy tai diém goc O
g véi sy bién thién goc 0 tir 0° + 90°.

Ta tiép tuc thuc hién cac phép bién doi tuong tu, nghia 1a goc 6 chuyén tir 90° dén 180° s&
thu dugc mat cau thur 2 giong hét hinh cau thir nhat nhung ndm dudi mat phang xOy véi dau
am.
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) Nhu vay, khl ta biéu dién ham p- trong toa do cuc sé thu ,duqc hai mat cau tiép xuc nhau tai
goc toa do O. Dicu nay c6 nghia 1a hinh dang AO-p 1a hinh s6 8.
Khi binh phuong ham p? ta s& nhan duge mot hinh s6 8 tron xoay quanh tryc z (gidng qué

ta tay). Nhitng diém nim trén vanh s 8 biéu thi mat d6 xac suit c6 mit cua electron quanh hat
nhan, chang han doan OM lam vi du.

2.41. Cin clr vao cac dinh 1i vé su to hop tuyén tinh cac ham goc, hiy xac dinh ham
AO-3dyy.
\ _ 115 . 20 g
Choham Y,4+,= ,/—sin“0.e .
32n
Tra loi
1
Yaxy = B (Yo—Y22)
1 15 . 24 2 -2i
Yiey = —— . |—sin“0(e”®—e'?
dy = 775 Va2 O )
_ 1 |15 . 2 N2 N2
=— , |—sin“0[(e”) — (e
5\ SO [ e
=l, 15 sin%e [(+e ™) (e —e )]
4i \4n
0 | o9
Su dung hé thirc Euler: cosp = % va
: d?—e® .
smng = ———, ta co:
i
0 | o0 )(gl0 _ o i
Yoy = ESI 20 er+e e le
4r 2 2i
= \/E sin’0 cos sin@ hay
4n

1 15 . » .
= — |-= sin“0 2cos sin
2 \4n ¢ ¢

=1 \/E sin’0 sin2¢
2 \4rn

Bang cach tuong tu ta c6 thé xac dinh dugc cac ham obitan dyz, du, d,2, d2.,2
2.42. Hay chiing minh td hop tuyén tinh Y5, — Y. chinh 1a ham AO-d,,.
Tra 101

Ta biét rang ham AO-dyy c6 dang la:
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1 /1—5 sin”0 sin2¢
2 V4rn
(1)

Mit khac, ta biét rang khi giai bai toan di v6i nguyén tir H ta phai chuyén ham (r, 6, ¢) tir
toa d Descartes sang y(r, 0, ¢) ¢ toa d6 cau. Quan h¢ gitra 2 toa do do la:

z =rcos0
X = 15In0O cose
y = rsin sin@
Nhu vy, mot cach dé dang ta c6 cac hé thirc twong tng 1a:
Xy =r’sin’0 cos sin@
2

= rEsinze sin2¢

29

r.2

sin’0 sin2¢ =
2)

Thay (2) vao (1) va dat \/? =1, ta co:
T

2
r<.2x
Yn—-—Y= 2y =Xy

2r

D¢ chinh 1a AO-d,y

Mot cach tuong tu ta ciing ¢ thé thuc hién cac phép t6 hop tuyén tinh cac ham goc Y
thanh cac AO-d tuong ung.

2.43. Cho ham obitan nguyén tir dy2_,2

d22 = \/E sin’0 cos2¢
47
Hay biéu dién hinh dang cua AO nay trén hé truc toa d¢ Descartes.
Tra 101
d2.42 nam trong mat phang xy. Diéu nay c6 nghia 6 = 90° hay sin6 = 1. Nhu vay d2.y2
= /E cos2
16n ?

Mubn xét sy bién thién ctia AO-d,2.,2 tachi can xét sy bién thién cua goc ¢ trong mat
phang xy. No6i cach khac di2 ,2 = f(¢). Dé lam diéu nay ta lap bang sau:

[0) 0 4 9 1 1 2 2 3 3
5 0 35 80 25 70 15 60

0s2¢ 1 1 1 1




Theo cac sd liéu cua bang trén ta co thé biéu dién hinh dang AO-d,2_,2 trén toa d§
Descartes nhu sau:

Két qua da chi rd doc theo truc x 1a du (+), con doc theo truc y 1a ddu ().

MO0t cach twong tu ta cling co
thé biéu dién cac AO-d v&i
hinh dang hoa thi 4 canh v&i
cac canh (rng v&i phan dwong

, y=
va am twong wng.
r r x
2.44. Tir cac s6 hang da biét: ’D, 'G, °S hay xac dinh cac trang thai (mg v6i muc

nang luong cé thé cé trong phan tir.
Tra 1oi
S6 hang: “D. Diéu nay co nghia la:

Poboi:2S+1=2 — > s=%

S6 hang vai ki hiéu D ¢6 nghia 1a L = 2.

Tir gid tri L va S ta c6 thé ¢ 2 gia tri ctia J:

J=L+s|=2+1]=2
2 2
J:|L_S‘:‘2_l‘:§
2 2

Nhu vy, s6 hang *D ¢6 thé ng véi trang thai:
’Dsjp va Dy
Mot cach hoan toan twong tu ta cd thé viét:
'G: 2S+1=1— S=0vaG —> L=4
I=|L+sl=]L-s|=]4 + 0| =4.
Diéu nay c6 nghia 'G tng vdi trang thai 'Gy.

6§: 2S+1=6—>S8=2 va L=0

2
Vay J=lL+sl=]o+2|=2
2 2
Do viy, s6 hang °S tng voi trang thai °Ss.
2.45. a) Xac 1ap nhitng gia tri spin c6 thé dbi voi hé co 2 electron.

b) Khi c6 mat electron thir 3 dugc dua vao h¢ trén thi gia tri spin s€ l1a bao nhiéu ?
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Tra 1o1
a) HE c6 2 electron sé& tdn tai hai kha nang:

Khé néng 1: ) J — S5;1=0

1.1
2 2

Khaning2: 7T T hoiac ¥ ‘;—Jr;—‘—) Si=1
Do boi sé¢ la: 2S + 1
Néu S;=0— 20+1=1 tngvoitrang thai singlet

Néu S;=1 — 2.1+1=3 {ngvéitrang thai triplet

b) Khi thém electron thir 3 vao hé 2 electron ¢ trén thi:

w

Véi slz1+%m)_> S,=3

N

sl=1—%(¢)—> sz=%

Luc do céc trang thai cd thé co s€ la:

Sy= g —> 2% +1=4 ung véi quadratet

32:%—> 2.%+1=2 s& ¢6 doublet

246.  Giatr s6 hang cua Cr duge xac dinh bang phuong phap phé phat xa 1a ’S;.
Hay cho biét cau hinh electron diing ctia Cr ¢ trang thai co ban la nhu thé nao ?
Tra loi

Theo quy tic ta c6 thé viét cdu hinh electron ctia Cr (Z = 24) nhu sau:

a) 1s°2s"2p°3s*3p°4s?3d* hay ~

b) 1s*2s2p®3s*3p°4s'3d hay ~ ‘ T ‘ T ‘ T ‘ T ‘ T | ‘

c) 15°25°2p®3s°3p°4s’3d°hay ~ ‘ (O A A B )

Trong 3 phuong an a, b, ¢ ta co thé kh: | ‘ 1 1 ] 1 T— 1 | ugce tir thue
nghiém nhu sau: -

R& rang 25+1=7 —> s=g=3

Mitkhic S= 0 — N=32=6
Nhu vay trong cdu hinh electron ctia Cr phai ¢6 6 electron dc than. Pbi chiéu voi 3
phuong an thi chi c6 phuong an b 1a phu hgp. Do dé cau hinh ding cua Cr la:
1s% 287 2p®3s? 3p° 4s' 3d°
2.47. Hay cho biét ¢6 bao nhiéu kha nang c6 thé dung dé mo ta sy phan bd 4 electron
trén obitan p (p*). ng véi mdi kha niang hiy tinh gia tri My va Ms.



Tra loi
Céu hinh electron cta p' tmg v6i £ = 1 ¢6 4 electron duoc phan bd trong 3 6 lugng tir

theo cac kha nang dugc liét ké trong bang sau:

m,
N? M. = Zm, Ms= Img
1 0 B
1
1 0 0 2 0
d l
2 0 0 0 1 1
d
3 T T J 1 0
J
4 0 J 0 1 0
d
5 0 J l 1 -1
J
6 0 0 T 0 1
l
7 0 0 l 0 0
l
8 T ) 0 0
J d
9 l 0 0 0 0
l
10 l 0 l 0 -1
d
11 0 0 0 -1 1
l
12 0 J 0 -1 0
d
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13 \! T T -1 0
\2
14 ! s T -1 -1
\!
15 R I 0
2 \2
2.48. Dua vao khai niém lién két Russell-Saunders hay lién két L—S va can ¢t vao

cAu hinh electron ctia nguyén tir Fe (Z = 26). Hay xac dinh s hang co ban cho céac trudng hop
sau:

a) Fe; b) Fe*’; c) Fe’".
Tra 1oi
a) Cau hinh electron ciia Fe ¢ trang thai co ban la:
15 25 2p® 3s? 3p° 45 3d°
Tir cdu hinh nay ta nhan thiy sd electron trén cac phan 16p da hoan toan bao hoa trir phan
16p 3d.

Nt Mp.=2m,=2 hay
m,: 2 I 0 -1 -2 L=2
2
o , .2 , N 4
Gia tri S duogc tinh theo biéu thuec: S= > = > =2

V6i L =2 ta suy ra s6 hang 1a D.
PO boi 28 +1=22+1=5,nghiala’D.

Do céu hinh electron cua phéan 16p d° 1a qua nira nén:
J=|L+s|=]2+2| = 4. Vay sb hang co ban cua Fe 1a: °Dy

b) Bbi v6i ion Fe®”, cdu hinh electron la: 1s% 28% 2p®3s? 3p° 3d°

Ta nhan théy’2 electron trén phan 16p 4s mat di nén phén 16p 3d° van giit nguyén. Trong
trudng hop nay sb hang co ban ctua Fe* ciing twong tu nhu Fe, nghia 13 °D,.

¢) Bbi véi Fe’”, cAu hinh electron 1a  1s? 2s*2p®3s? 3p° 3d°

Bang cach lap luan tuwong tu nhu trén ta co:

0 ‘A‘T‘T‘T‘T‘ My =Zm,=0— L=

; 2S+1=6

[\
—_
[e)
I

—
|

(\)
5]
Il
N O
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5 5
J=1=+0| ==
ERGRE:
Vay s$b hang co ban cua Fe’"1a: S5,
2.49. a) Hay xac dinh gia tri nang lugng E va dang ham song y cho nguyén tir héli
(He) ¢ trang thai co ban véi gia thiét nang lugng day gitra 2 electron bi bd qua.
b) So sanh két qua ning luong tinh duoc voi két qua thuc nghiém E =-2,904E,
(En- don vi Hartree) va cho nhan xét.
2
ao= L= 0534
me® K

62 —18
1 En= = k=4,3598.10""J
a0

Tra 101

Bai toan He dugc tién hanh giai nhu sau:

v (1)- ham song mo td e tha 1 I 12 e
VY (2)- ham song mo td e thu 2
T )
v=vy(y(2) €]
Thé ning cta hé 1a:
Ze
2 2 2
U=| 28 27 & (2)
T2 T2
Toan tir H co dang:
. 2 2 2 2
A =_h_(v12+v§) T A 3)
2m I o P)
Phuong trinh Schrirdinger viét cho nguyén tir He 1a:
1 ze? 78 &
o (V9B T (@) = Ev(v(@) (4)
m r4 o F])

Trong céac bai todn vé nguyén tir dé thuan tién ngudi ta thudng chuyén don vi SI thanh
don vi nguyén tir (au) dugc quy udc nhu sau:
h

h=—; m,e¢,a vak=
2n 4,

déu bang don vi.

Nhu vay phuong trinh (4) dugc viét lai 1a:

{—%(V$+v§)+\—5—£+i

; }w(l)w(2) =Ey()w(2) (%)
1 T2 T2

Trong phép gan dung Born-Oppenheimer (gan dung bac 0) ngudi ta bé qua thé ning
tuong tac gitta cac electron vdi nhau do d6 phuong trinh (5) dugce rit gon lai 1a:
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v(Dy(2) =Ey(Dy(2) (6)

a2

Chia ca 2 vé cta (6) cho y(1)y(2) ta co:

Z 1 1
Sluh - |1
o) v w(2)[2

1

w(1)
Phuong trinh (7) dugc tach lam 2 phuong trinh riéng biét:

(1
~V2

1
|2

1.2

2
V5 +
2 2

52 y(2)=E (7)

w(1) =Eny(1) (7a)

>V + y(2) = Exy(2) (7b)

M&i phuong trinh nay dugce xem 1a mot phuong trinh Schrirdinger viét cho ion gidng
hidro nén céc nghi¢m cua chung déu c6 dang da biét (viét theo don vi nguyén tu).

3 1/2 3 1/2
w()=|=| e y(2)= [— e %2 ;
s
z
v =w(y) = = e 20t (8)
72
El = >
2n?
72
Ey=——=
2n?
2
E=E +E=-%
n2
9)
O trang thai co ban (n=1) gia tri E s¢€ la:
=_77=27"Ey
(10)
¢ day En cua nguyén tu hidro tinh theo Hartree sé la:
1
En=——=E
H= -5 b

b) Vi nguyén tir He, gié tri Ey= 2.22(—% Ey) = 4B,

Néu so sanh véi gia tri Ey, = —2,904E}, thi AE = —1,096E,,. Két qua nay din dén sai sd
qua 16n. Diéu nay co thé giai thich bang su bo qua thé ning twong tac day 1 trong qua
M2
trinh tinh toan. Két qua nay sé& tét hon nhiéu (sai s6 khoang 5,3%) dugc thuc hién bang
phuong phap bién phan c6 tinh dén sy nhiu loan do thé ning diy gay ra.
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2.50. Trong hod hoc luong tir, ning lugng dugc biéu dién theo don vi nguyén tir (au)
4 2
duogc goi la Hartree bang hé thuc Ej, = %kz . Hay chuyén 1 Ej thanh cac don vi khac: theo
7
J: kJ/mol; cm ™' vaeV.
Tra lo1

4
— Tu biéu thue E, = %kz chung ta thay cac gia tri tuong ing theo don vi SI s€ dan
h

dén két qua don vi theo J.

prio oo 1oy
’ 2

1E, = 5
(1,052.10—34J.s)
—4,365.10" 18y
— Theo don vi kJ/mol

1E;, =4,365.10"18J %1072 x6,02.10%
=2627,67 kJ.mol
— Theo don vi s6 song cm '

Xuat phat tir biéu thirc v = 1 ta bién doi nhu sau: v = 1_hv_E
A A hc «ch

Thay céac gia tri twong ng ta co:

-18
E - = 4’3?5'10 J = = 219,78851 m~"
ch 3.108ms™ " x6,62.10*Js
hay 1 E4y=2,197.10°cm™’
— Theo don vi eV

Chung ta c6 thé d& dang chuyén tir don vi J thanh eV theo hé sé chuyén doi 1 eV =
1,6.10°"°J.

1eV

Quavay: 1E, =4,365.10" 18y ——
" 1,6.10- 19y

]: 27,23 eV .
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C- Bai tap chua c6 1o1 giai
2.51. Tir thuc nghiém ngudi ta da ghi duoc cac vach phd thudc diy Lyman tng voi
s6 song tuong tng. Ton gidng hidro Li** 1a: 740747; 877924; 925933 cm .
a) Tim gié tri hing s R cho ion Li*".
b) Xac dinh s séng cho 2 vach dau tién thudc diy Balmer.
c¢) Tim nang lugng ion hod (eV) cho Li*".
ps. a) R =987663 cm
b) V4 =137175cm’’
V43 =185187 cm’
c) Ei=1224,7eV
2.52. Khao sat ham ban kinh chua chuin hoa & trang thai co ban dudi dang: Rjp=
N.e "% d6i v6i nguyén tir hidro.

Hay xac dinh thira s0 chuan hod N va viét ham R da dugc chuan hod.

2
pS. N=—2%_:
ag3/2
1 P2
R10:2 [— .e_”ao

aO
2.53. Hay chuén hoa cac ham song sau day:
Y= sin%x v6i khoang bién thién 0 <x <L
y=e"l% trong khong gian 3 chiéu.
v =x.e /%% trong khong gian 3 chiéu.

Cho biét: x = rsin® coso;
dt = r’drsin0d0de
Khoang cach bién thién ctar, 6 va ¢ la:

0<r<ow 0<20<m 0<¢<2n

o
!
Dang tich phan f x'e dx = :H
a
0

bS. a)H¢ s6 chuan hoa N :\/%

b) Hé s6 chuin hoa N =

oﬁ)‘u ‘_\
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1
\/32nad

2.54. Chung ta biét rang ham ban kinh R(r) cia AO-2s d6i v6i nguyén tir hidro c6
dang:

c¢) H¢ s6 chuan hoa N =

1172 ;
L Al PR
2 2a,

—r/2a,

R2s = e

Hay khao sat sy bién thién ciia mat dd xac suit tim théy electron theo ban kinh r va
cho biét gia tri cuc dai cua mat d xéac suat tai r. Cac két qua thu dugc hay bi€u dien trén do
thi.

ps. r=(3%5)a,
2.55. Cho ham song AO-2py va 2p, d6i voi ion gidng hidro c6 dang tong quét sau:
2p, = f(r)sinB coso

Vop, = f(r)sin® sing

dt = r’drsin0d0de
Hay chung minh hai ham y,, va W2p, thoa man diéu kién truc giao.
2.56. Hay ching minh rang dbi véi cac phan 16p da bao hoa (vo dong) nhu ns’ , np°,
nd'’, nf'* luén luén tng voi sb hang 'S,.

2.57. Trong phd phét xa ciia nguyén tir hidro ton tai nhiéu diy phd khac nhau nhu
Lyman, Balmer, Paschen,... Hay tim mot cong thuc tong quat dé xac dinh budc song dic
trung cho budc chuyén gura 2 mirc ning luong ké tiép nhau.

S j= DA 412
) Ry (2n +1)

2.58. Cho ham ban kinh ctia nguyén tir hidro c6 dang nhu sau:

1 5/3
_] .r.e—r/Za0

a9

1
26

Hay xac dinh xem & diéu kién nao thi xac suit tim thay electron c¢é gia tri 16n nhat (khong
phai ban kinh).

Rzp =

PS. Tai diém doc theo 1 truc ¢ gia tri béng +1,06 A
2.59: a) Hiy chimg minh rang ham AO-p, va AO-p, khong phai 1a ham riéng cta
toan tu M.
b) Céc t6 hop tuyén tinh p,+ ipy va px— ipy ¢ phai 1a ham riéng ctia toan tir Mykhong ?
Cho: px = f(r)sind cose
py= f(1)sinO sing
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N . d
M, =—1/ —
z do

Huwéng din: Thyuc hién theo phuong trinh A f= af. St dung dinh i Euler:
cosQp = %(ei‘p +¢7'?) va sing =%(ei"’— e ')
i
2.60. Hay tinh khoang cach trung binh tir hat nhan dén electron c6 mit trén AO-2s
va AO-2p cua nguyén tir hidro.

Cho: Ros= l(ao)*y 2 [1 LI PR RS

2 2a,

1 52 . —rl2a
Royp= —=(a rI.e °
20
dt = rdr v6i khoang cach xac dinh [0, o]

Huwoéng din: Thuc hién theo biéu thirc tinh khoang cach trung binh:
< a > = j y*Aydr

n!

n efbx
bn +1

Str dung dang tich phan j X
0

PS. < r >2p=530; < r >2s=6a0
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Chuong 3

AP DUNG CO HQC LUQNG TU VAO CAU TAO
PHAN TU

3.1 Li thuyét tom lwoc

3.1.1 Khai quat chung

Dén nay nguoi ta quan niém phan tr nhu 1a mot hé gdm mot sd gidi han cac hat nhan
nguyén tir va cac electron dugc phan bo theo mdt quy luat xac dinh trong khong gian tao
thanh mot cau truc bén viing.

Vé nguyén tic, khi khao sat phan tr ta phai giai phuong trinh song:
Hvy =Ey

dé x4c dinh ham séng y mo ta cac trang thai ciia phan tir va cdc tri riéng ning lugng E
tuong Ung.

Do phan tir 1a hé phirc tap nén bai toan phai giai bang phuong phap gan dung.

Toéan t¢t Hamilton c6 dang:
H =-T-ejL-i-njL Oee+ L‘Jen+ ljnn

Do hat nhén niang hon electron hang van ldn nén dong ning cia hat nhan T, c¢6 thé bo
qua va tuong tac ddy giita cac hat nhan U, 1a hing sb. Vay thuc té:

H=T,+ Ug + Uge

- bong nang cua electron.

3|N

- Thé ning twong tac gitra hat nhan va electron.

I\)

- The nang tuong tac gitra cac electron véi nhau

_.MZ —-Mz

£
o
>

ij
Gan dang Born-Oppenheimer chi tinh dén T, va U,

C»

=Te + Uen
Gan dung Hartree-Fock. Do bo qua U, da din dén két qua qua xa voi thyc té nén Hartree

da trung binh hoa thanh phan U, v&i ham séng ¢ dang:

92
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n

V= 11y,

Pé phii hop véi nguyén i Pauli, ham séng phai 1a phan dbi xting nén Fock di viét ham
song dudi dang dinh thac Slater:

Y= (N!)_l/2 ‘ Ao ‘

Dbi voi phan tir, Roothaan di chon ham séng dudi dang t6 hop tuyén tinh MO- LCAO
(Molecular Orbital - Linear Combination of Atomic Orbitals).

Y= Zn:Ci(I)i

Pé xac dinh ham séng y va nang luong E cho hé phén tir nguoi ta thuong sir dung
phuong phéap bién phan:

3.1.2 Phuwong phap lién két hoa tri (VB - Valence Bond)

O phuong phap nay nguoi ta thira nhan trong phan tu, cac electron ton tai riéng 1& va
phén bo trén cac AO. Lién két hinh thanh phai do mdt cdp electron tham gia.
Minh hoa cho phuong phap VB la bai toan hidro va giai theo phuong phap bién phan din
toi ket qua.
Nang lugng cua phan tir H; la:
C+A

E_ :2EH+ _—
: 1482

Ham séng trong phan tir dugc x4c dinh la:
1

\Vi_\/z

¢ day ta ki hi¢u: W1s, = 18a; Y1, = 1sb;

[1sa(1)1sp(2) £ 184(2)1sp(1)]

En- nang lugng cia nguyén tor H & dang c6 1ap va ¢ trang thai co ban.

C= j j Isa(1)155(2) H Isg(1)155(2)d71d 1 - Tich phan Culéng
A= j j Isa(1)155(2) H 154(2)155(1)dt1d s - Tich phan trao déi
S= I Isy(1)1sp(2)dt; = J 1s4(2)1sp(1)dt2 - Tich phan xen phu

Trong phuong phap VB ngudi ta ciing cha y dén trang thai lién két cong hod tri va ion.
Vi vay:

WH, = C1Wht T C2Wion

Thuyét lai hod. Pauling da dua ra khai niém lai hoa trong thuyét VB.
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Céc obitan lai hoa 1a nhitng t6 hop tuyén tinh cac AO va mé ta trang thai dic biét ctua

nguyén tu.

Lai hoa sp:

2A0-sp la:

Lai hoa spz:

3A0-sp” 1a:

Lai hoa sp3:

4A0-sp’ la:

1AO-s + 1AO-p,=2A0-sp

de%(wpz)

1
d ae— - Vz
=5 (s—p2)
1AO-s + 2A0-p = 3A0-sp
1
t1= —(s+ v2px
1 \/5 (S p )

1

th= \/6(\/55—13,(4‘ \/ﬁpy)
b= (s~ p B py

1AO-s + 3A0-p = 4A0-sp’
te; = %(S +pxt pyt P2

1
ter= E(S+Px_py_P2)

1
te3= —(S—px+Py—Dp2)

N

1
teq = E(S_Px_Py+pZ)

S:L' Z\/Ecosecos ;
m) pX 4TE (P5

_ |3 e = |9
py= \/;COSG sinQ ; p; \/;cose

3.1.3 Phuwong phap obitan phan tix (MO-Molecular Orbital)

Thuyét MO thira nhan 1a cac electron dugc phén b6 trén cac MO chung toan phan tir.
Nhitng MO nay dugc xac dinh tir su t6 hop tuyén tinh ctia cac AO (MO-LCAO).

Ton phan tir hidro H5 dugc lay 1am vi du dé dién giai cho phuwong phap nay.

94

Ap dung phuong phéap bién phan va cic nguyén li, quy tic thong dung ctia co hoc lugng

tur cho truong hop nay ching ta c6 cac nghiém sau:

< s 1Al _ oatp
Nang lugng cta hé: E. Tis
Ham song tuong tng:
1
=—(Is, £ 1s ;
V=5 ( b)
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o= J 1s,H 1s,dt = Ilsb H 1spdt - Tich phan Culdng
B= Jlsaﬂ Ispdt = Jlsb H 1s,dt - Tich phan trao doi.
S= Jlsalsbdr - Tich phan xen phu v6i 0< S < 1

Tir céc gié tri E va y thu duge, nguoi ta tién hanh xay dung cac gian d6 MO bao gém:
MO lién két tmg voi E.va y.
MO phan lién két ing v6i E_vay_

Trong trudng hop cu thé, ngudi ta to hop cic ham séng mé ta cac electron hoa tri tham
gia tao lién két va xac dinh phan tram (trong s0) cta tung obitan tham gia lién két thong qua
hé $6 c;.

3.1.4 Phwong phap HMO (Hjckel’s Molecular Orbital)

Pay 1a phuong phap MO ap dung cho cic dang hop chit lién hop 7. Nghia 14 khi xac
dinh nang lugng va ham séng cho h¢ phan tir ndy nguoi ta chi xét dén cac electron 7 tham gia
tao thanh lién keét.

Do6i véi hé lién hop m mach thang vdi n electron m:

Yi=C101+ Cad3+ c303+ ... + Cobn

Ap dung phuong phap bién phan va cac quy tic riéng do Hyckel dé xudng dan téi dinh
thirc:

X 1 0 0 0 0
X 1 0 0 0
0 X 1 0 0
D, =
1
0 0 0 0 0 . . . X
Véi E=o —xB

Giai dinh thic thé ki D, ching ta s& xac dinh duoc gia tri nang luong E; va ham song ;
cua hé.

. Trong trudng hop mach thang (polien) ta c6 thé ap dung cong thirc ha bac dinh thic D,
bang biéu thuc:

Dn=xDy1—Dno

Ciing c6 thé sir dung biéu thirc do Coulson dua ra dé xac dinh:

Ei=a + 2Bcos ('—nj

n+1

Cir: i Sln(rl—n]
n+1 n+1
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trong do: i- 1a obitan thr 1;
n- 12 s6 lugng nguyén tir cacbon trong phan tir;
r- la nguyén tr cacbon thir r.

Di v6i hé lién hop m mach vong, vi du vong benzen, dinh thirc thé ki sé& co dang:

; x 1 o 0o o 1
p 2 1 x 1 0 0 o0
D“=5 5 o 1 x 1 0 o0
y o o 1 x 1 o0

o o o 1 x 1

1 0o o o0 1 9x

Giai dinh thirc D, tim x va suy ra gia tri E;; két hop voi didu kién chuan hoa ciia ham
song dé xac dinh cac gia tri ¢;; cho ham séng ;.
D6i v6i hé lién hop 7 cho hop chat di vong thi cach tién hanh cho bai toan niy ciing

tuong tu nhu truong hop mach thang va mach vong. O day ta phai chi ¥ dén su anh huong
cua di to X. Vidu:

X + 1 0 0 1
8}(
1 X + 0, 1 0 0
Dn: ¢
0 1 bd 1 0
0 0 bd 1

8y~ gia s6 anh huong cua di t6 X;
8. - gia s6 gay ra ddi voi cacbon khi ¢ mit ctia X.
Giai dinh thirc nay dé xac dinh E; va y; cia hé.
3.1.5 So dd MO ()

Tu cac gla tri E; va y; thu duogc cta phuong phap HMO nguoi ta xay du‘ng duoc cac so dd
MO (7) nham tim hiéu co ché phan tmg va cac van d& lién quan dén cau triic ciia hop chét
khao ctru thong qua cac thong so sau:

n
Mat @0 electron: =2 vic,-zr
i=1

Bac lién két: Ps=3 viciCis

NE

|
Chi s6 hoa tri tu do: F,=4,732 - N,

Vi - nhan céc cac giatri 0, 1, 2;
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1 - obitan thu i;
r - nguyén tr cacbon thur ;
s - nguyén tu cacbon thirs ;

N;- bac lién két c6 thé c6 quanh nguyén tir cacbon thir r.
3.2 Baitap ap dung
3.1. Khao sat cac biéu thirc toan cho cac AO lai hoa

a) Hay cho biét nguyén tic xay dung cac AO lai hoa.

b) Hiy minh hoa nguyén tic cach xac dinh cac hé sb t6 hop aj, bi,... ddi véi kiéu lai hoa
sp”.

Tra loi

a) Nguyén tic xdy dung cac AO lai hoa la:

— C6 bao nhiéu AO tham gia lai hod thi ¢6 by nhiéu AO hinh thanh lai hoa. Vi du kiéu
lai hoa sp> ¢6 1AO-s va 3A0-p tham gia s€ dan dén 4A0 lai hoa: 1AO-s + 3A0-p = 4A0-sp’.
V¢ mat nang luong ta ¢6 thé hinh dung theo so do sau:

A

Px Py D2z

— Cac ham lai hoa thu dugc dya trén phuong phap t6 hop tuyén tinh cac AO tham gia lai
hoa.

vi=a; ¢+ bi ¢+ cida.......

Nhu kiéu lai hoa sp® s& c6 4 ham lai hod y

cu thé: yi=a;s + bipx+cipy +dip,
W2 = a8 + bopx + copy + dop,
y3=ass + bspx + c3py + dsp,
W= a8 + bgpx + capy + dap,

b) Truong hop dbi véi kiéu lai hoa sp” 1a do 1AO-s tb hop véi 2 AO-p tao ra 2A0-sp°.
Cu the la:

yi=ais + bipx +cipy
Yo = ass + bopx + copy

y3=azs + bspx + c3py
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Pé x4c dinh duogc 9 hé sd to hop aj, b;, ¢i doi héi phai c6 du 9 phuong trinh lién hé cac hé
sO can tim. Dya vao cac ham AO s, p 1a tryc chuén ta dé dang xay dung dugc 9 phuong trinh
tuong duong nhu sau:

Do céc ham s va py, py, p, da chuan ho4 nén ta c6 3 phuong trinh:

a? + b? +cF =1 (1)
a3 + b3+c5 =1 (2)
a3 + b3 +c% =1 (3)

Mat khac, do cac AO tham gia lai hod c6 tinh tryc giao, vi vay ta s€ c¢6 cac cap ham sau:
aqap + byby+ ¢cp = 0 (4)
ajaz + bibg+ cc3=0 (5)
asaz + bobs+cyc3 =0 (6)

Ngoai ra do lai hoa sp” 1 lai hoa tam giic nén chiing ta thuc hién mot s6 phép ddi ximg
thich hop dé chuyén AO lai hoa nay thanh AO lai hoa khac. Vi du phép phan chiéu o(xz) thi
ham y, thanh s nghia la:

o(x2)[ az8 +bypy + oy | = (@35 +bapy +Capy ) (7)
Trong phép phan chié'g o(xz), tur hinh v& ta nhén thiy AO-s co d(‘)i’ xung cau, AO-py
hudng theo truc x khong doi dau, con py s€ co chi€u nguoc lai. Nhu thé
o(xz)[ @5+ bypy +CoPy | = (a5 +bopy —Copy ) (8)
Khi so sanh két qua & (7) voi (8) s& dan t6i:
a3=ay; b;=by; C3=—C2 )

V6i 9 phuong trinh vira xac 14p duoc, vé nguyén tic, chung ta giai chiing va thu dugc 9
hé s t6 hop.

) 3.2. Dua vao hinh hoc phan tir hdy xac dinh nhanh cac hé s6 tO hop AO lai hoa va
dau cua chung cho céac truong hop sau:

a) Kiéu lai hoa sp;
b) Kiéu lai hod sp”.
Tra loi
a) Lai hoa sp 1 do su t& hop tuyén tinh sau:
V1= a;s + bipx

yo= as + bopx
2

S =

: .STp S
Hai ham lai hoa \ﬁl va y; thu dugc cung hudng doc theo truc z nhung nguoc chiéu nhau.
Trong ki€u lai hod sp nay chi c6 AO-s va AO-p, tham gia lai hod nén duong nhién moi AO lai
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hoa s& dong gop 1/2 tinh chét s va 1/2 tinh chét p, c¢6 nghia 13 a,;>= a,” va b;>= b,>. Nhu thé vé
tri sO tuyét ddi cac hé sd déu cung bang 1/+/2 .

V6i két qua nay ta c6 thé viét cac ham lai hoa nhu sau:
1
V1= E(S +pz)
Do y; ¢6 hudng nguoc lai nén ham lai hod y, ¢6 dang:
1
Ve = E(S -pz)
Nguoi ta cling c6 thé biéu dién 2 ham lai hoa nay dudi dang ma trin sau:

1
[\m j V2 2 [ ]
Y2 L 1 (P2
Z 2
b) Déi v6i kiéu lai hoa sp?, vé nguyén tic ta co 3 ham lai hoa sau:
Yi=a;s +bipx t cipy
V2= a8 + bopx + Copy

V3= a3s + bypx + c3py
O kiéu lai hoa sp” s& ¢ 1/3 tinh chit s va 2/3 tinh chit p. Ta xét cu thé timg ham lai ho
(xem hinh v& ¢ bai 3.1).
Péi v61 ham lai hoa y; hudng theo truc x nén phan dong gdp cho cac hé s chi 6 tinh chat
s va tinh chat px, nhu thé mot cach truc giac ta co:
BN
(Phan déng gop cua py s€ bang khong vi ham nay khong hudng theo truc x).

Ddi v6i hai ham lai hod con lai y, va w3 cac phan dong gop clia AO-s va AO-p, va AO-p,
nhu sau:

AO-s dong gop 1a 1/3 cho mdi ham lai hoa.

AO-p déng gop chi con lai 1/3 chia déu cho 2 ham y; va y, nén trj s6 tuyét ddi s& 1a %
va déu mang du “~” vi ching déu nam dudi truc x. Do AO-py khong tham gia déng goép cho
ham y, nén phan dong gop ctia chung chia déu cho 2 ham y, va s 1a 1/2, nghia 14 tri s6 tuyét
dbila 1/+/2 . O day hé s nay mang dau “— d6i v6i ham 3 vi chiing hudng nguoc chiéu véi
truc y. Vay ham y, va ys c6 dang:

[

1 1
N I
V2 f NN

NN LN
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Theo thong 1€ ta viét két qua thu dugc dudi dang ma tran sau:

a2
3
W1 V3 8
BRI
V2 NN 5 X
V3 1 1 1 py
V36 V2
3.3. Hay chig minh cac ham lai hod thudc dang sp” 1 truc giao timg d6i mot.
2
Yy = \/, —2s+ 2py
1
Cho = —23——2p +—=2p
V2 \/g \/g y \/E X

y3 = %ZS—%Zpy —%ZPX
Cac AO-2s, 2psx, 2py déu 14 nhitng ham tryc chuén.
Trd loi
Xét 2 hai ham y; va y»:
[wiwpdt =0 (Piéu kién tryc giao)

Thay gié tri y; va y, dd cho vao biéu thirc ndy s& co:

* 1 2 1
J “’1“’2‘“:1(%2 e ZF’VJ(I AL
—1]23*2sdr+—2j2s,2p*dr-Lj2p ZS*dr—lij* 2p
3 3 y \/ﬁ y 3 y y
1 3k 1 *
+ %J'Zs 2p,dt +£f2py2pxdr
Do céc ham 2s, 2py, 2py da truc giao nén ta co thé viét:
I\V1W2dr = gjzs 2sdt-— j 2p; 2p,dt
Cac ham AO ciing d3 chuan hoa, vi vy cac dang tich phan nay déu bang don vi. Nén:
# 1 1
dt=—--=0
j\ll1\112 = 3 3

Diéu nay chimg t6 y; va y,1a 2 ham truc giao véi nhau.

Ciing bang cach tinh tuong tu ching ta ciing dé dang chimg minh dugc:
[wivadr=0 va [ypyzdr=0

C6 thé noi rang 3 ham lai hoa 1, wa va 3 thude dang sp” 1a tryc giao timg d6i mot.
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34. Nguoi ta biét 2 ham lai hod y; va y, md ta trang thai lai hod cta nguyén tir oxi
trong phan tir H,O c6 dang:

yi=0,4525 +0,71.2p, + 0,55.2p,
yo=0,45.25 — 0,71.2p, + 0,55.2px

Hay chimg minh 2 ham nay truc giao voi nhau, biét rang cac AO-2s, 2py, 2py déu la
nhiing ham tryc chuan.

Tra loi
Ap dung diéu kién tryc giao ta cé:
[wivadi=0
Thay gié tri y; va y, dd cho vao biéu thirc ndy s& co:
[wivadr= (0,45 25" +0,71 2p}, +0,55 2p )(0,45.23—0,71 2p, +0,55.2px)dr
Khai trién tich phéan s& din dén biéu thirc sau:
[Wiwadr = [(0,45)°25"2sd+ [(0,71)(0,45)2py 2sdr + [(0,55)(0,45) 2px 25dkt

+ j (0,71)(0,45)2p; 2sdt - j (0,71)22p;2pydr+ j (0,71)(0,55)2py 2p,dt

- [(0,55)(0.71)20} 2p, v + [(0,55)°2p} 2p, de
Theo dau bai cac AO-2s, 2py, 2py déu 1a nhitng ham tryc chuan, do d6 biéu thiic c6 thé

rut lai ¢ dang sau:
[Wiwadt = 0,557 2p} 2p,d— (0,71)* [ 2p} 2p,du+(0,45) [ 25" 2sd
Biéu thtic cubi cung sé la:
[wivadr=055%c-(0,71)* +(0,45)° =0

Két qua nay chimg to ham y, va y, 13 truc giao véi nhau.

3.5. Hay ching minh ring cdc ham lai hoa y; va y, mo ta cho nguyén tir oxi trong
phén tir H,O hudng theo cac truc dé lam thanh mot goc lién ket 1a 104,5°.

yi1=0,45.2s + 0,71.2p, + 0,55.2px
yo=0,45.2s — 0,71.2py + 0,55.2px
Tra loi

Chung ta biét rang AO-2s c¢6 dang hinh cau, con 2 AO-2py va 2py co phan dong gop trong
2 ham lai hoa y; va y, dugce hudng theo 2 truc y va x. Diu nay c6 thé dugc biéu dién bang
hinh v& sau day:
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Tir hinh v& nay ching ta nhan thiy ham y, va y, dugc biéu dién nhu nhiing vecto tmg
v6i cac hé sd dong gop cua 2py va 2p,. Goc 0 dé dang dugc xac dinh bang hé thuc:

tgo =271 _ 129
0,55
hay 0 =52,24° va 26 = 104,5°
3.6. Duya vao céc li thuyét lugng tir vé lién két hay:

a) M6 ta lién két OH don thuan 1 ion duéi dang ham song.

b) Trinh bay lién két trén c6 mot phan ion va mot phan cong hoa tri dudi dang t6 hop
ham song

Tra loi
a) Gia sir lién két OH 1a ion, ta c6 thé mé ta nhu sau:

O-H" thi Wion (0) = wop_ (1) wop, (2)

O-H  thi Yion (H) = w15(1) w15(2)
Ham song biéu dién lién két OH hoan toan mang dic tinh ion c6 dang:
Wion= C1y2p, (1) w2p, (2) T c2yq5(1) w15(2)
c1, ¢- hé s biéu dién sy dong gbp ciia AO-2p, va s vao qué trinh hinh thanh lién két.

b) Khi lién két O—H vira mang tinh ion vira mang tinh cong ho4 tri thi ham song duoc viét
dudi dang:

Y= A\lfh‘tri + B\lfion
Ta lai biét, ning lugng lién két E ing voi y bao gio ciing thip hon Ey  hay Ejo, khi tich
riéng biét. LUc ndy Whuj va Yion € la:

Whai = & w1s(1) wop, (2) + & w1(2) wop, (1)

Wion =C1y2p, (1) w2p,(2) +c2wqs(1) w1s(2)
A, B 13 hé s6 biéu hién sy dong gdp phan trim cia timg dang lién két.

3.7. Tir kiéu lai hoa sp® hdy chimg minh hai ham lai hod te; va te, 1a tryc giao voi
nhau.

cho: tei=s+pxtpytp,
=S —px—pyt Pz
Cac AO-s, 2py, 2py, 2p, 1a chuan hoa.
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Tra loi

Theo diéu kién truc giao I\y*\pdr = 0 &p dung cho bai toan nay ta co:

jteltezdr = I(S + pxt Pyt P)(S —px—py + po)de
Sau khi khai trién ta c6 thé viét:
Ispxdt = Ipxpydt = Ipzsdt ... = 0 vi cac ham nay truc giao vdi nhau, con cac
tich phan:
J.szdr—jpidr—_[pf,dr+‘[p§dr= 1-1-1+1=0
Két qua nay di chimg to hai ham te; va te, 14 truc giao véi nhau.

3.8. Dua vao li thuyét VB hay viét phan khong gian ctia ham song biéu dién lién
két cong hod tri dugc hinh thanh trong phan tir N,. Biét rang & N, ¢6 2 lién két mt va 1 lién két
.

Trd loi
Céu hinh electron ctia N 1a: 1s%2s%2p’ hay
N ~ ™ £ N )
2s 2px  2py  2p;,
Ki hi¢u: WNp A = W2p A = 2pxA

WN,p,B = V2p,B = 2psB v.v...
Chung ta hinh dung sy hinh thanh lién két trong N, nhu sau:

Ta chon truc z ndi 2 hat nhan nito huong th'fmg vao nhau dé tao ra lién két o.

O30  OaO

B
(<<~
\/2pZA 2sz\/ i

Ham séng y; mé ta phan khong gian sy hinh thanh lién két o trong phan tir N, 1a:
vi=Wap A1) wop 5(2) + Wop a(2) Wop g(1)

Hai AO-2py va 2py ctia nito hudng theo truc x va y va thang goc voi truc z. Hai AO-2p,
va 2py cua nguyén tur nito A va B khi tién lai gan nhau trong qua trinh hinh thanh lién két s&
xen phu dé tao ra lién két .
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Ham séng y, va w3 md ta phan khong gian cho lién két  hinh thanh sg 1a:
V2= Wop A(3) wop g(4) T wop A(4) wop B(3)
V3= Wop A(5) wap B(6) + wap A(6) wap B (5)

Tdong hop lai ham y chung (phan khong gian) mé ta sy hinh thanh lién két trong phan tir
N, s¢ la:

V= Viyays
3.9. Hay xéac dinh nhitng hé s6 ctia ham song & trang thai co ban cho phan tir LiH
theo phuong phap VB dudi dang:
V=101 + ¢

O day ¢; ham song dugc xac 1ap do su xen phu giita AO 2s (Li) va 1s (H), ¢, ham song
mo ta su xen phu gitta AO 2p (Li) va 1s (H). Hai ham ¢; va ¢, déu chua chuan hoa.

Cho biét: H;1=-9,48; Hx=-10,19; Hip=-2,12
Si1=1,19; S2=1,29; S12=0,26

Céc dai lugng nay déu bicu dién ¢ hé don vi nguyén tir.

Trd loi

Ta hinh dung qua trinh hinh than lién két o trong phéan tr LiH nhu sau:

GS Gz

IS(H) 2S(Li) IS(H) 2E(Li)
Theo dau bai: = cid; + cadhn (1)
Ap dung nguyén 1i bién phan:
Hy d
p-Lyive )

[ vy

Thay y ¢ (1) vao (2) ta co:
o [ (e ropbo)H (et +ptp)de

[ (c161+ o) de

Sau khi khai trién va ki hiéu cac dang tich phan tuong tng (xem gido trinh co s¢ hoa hoc
lugng tr) ta thu dugce hé phuong trinh tuyén tinh thuan nhat.
(Hy1 — ESyp)er + (Hiz — ESy2)c2 =0
3)
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(Hi2 = ESi2)er + (Haa — ESp2)c2 =0
H¢ phuong trinh nay c¢6 nghiém véi c¢; # ¢, # 0 khi:

Hi1—=Eq1 Hiz—Eqp| _
Hi2-Eq2 Hp—-Ep

0

Thay s6 liéu twong tng va giai dinh thic ta s& thu duoc hai gia tri:
E,=-7,882; E,=-7,863.
Pé xac dinh ¢; va ¢, ¢ (1) ta thay gia tri E; vao hé phuong trinh (3) s& c6:

G = P2=ESs 5 49,
¢ Hy1-ESyy

Tur d6 suy ra ¢;=2,40 va ¢,=1,00
Do ham ¢; va ¢, chua chuan hoa nén ta phai xac dinh thira s6 chuin héa N.
y=N (c1 dr1+ez ¢2)=N (2,40 ¢1+1,00 ¢2) (4)

Ap dung diéu kién chudn hoa ta co:

I wldt = N[( j 2,400, + 1,00¢2)2d1] = 1

=N[2.47 [ g7 de+ 1.0 03 dt+ 4.8 [orade1 =1
=N’[2,47S11+ 1,085+ 4,88 1] = |
Thay cac gia tri Sy, Sy; va Sj2ta c6 N = 0,326
Vay ham song vy c6 dang:
v = 0,782, + 0,326¢,

3.10. Cho biét gia tri tich phan xen phu giita AO-1s (H) véi AO-2s (C) dé tao thanh
lién két o (C-H) 12 0,57. Gia tri nay 1a 0,46 giita AO-1s (H) v&i AO-2p, (C). Hay xéac dinh gia
tri tich phan xen phu gitta AO-1s (H) v&i cac AO lai hoé cua cacbon cho cac truong hop sau:

a) AO-1s (H) véi AO-sp (C) doc theo truc z.

b) AO-1s (H) v6i AO-sp” (C) doc theo truc z.

¢) AO-1s (H) v6i AO-sp’ (C) doc theo truc z.

Trd loi

Theo 1i thuyét, tich phan xen phii dugc biéu dién bang biéu thirc:
Siij\lfi%‘dT

Ap dung cho céc trudng hop cta bai toan ta co:

1
a) Yp=d1 = % (s +p.);

yis=1s
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J\Vsp-\lllsdzz Idl.ls dz= J‘% (stpz) 1sdz

1

1 1
—s.1sdz+ | = Z.lsdz—— 7+ .0,46
J 5 J v 27
Vay: 1—}(057+046) 0,73
. _ 1 )
b) Vgr ~h= (2P
yis=1s

J.\Vspz Yisdz= Itl.ls dz= I% (s + 2p,)ls dz

Khai trién va thay cac gia tri twong tmg tich phan nay ta sé& c6:

1
S,= — (0,57 + +/2.0,46) = 0,70
2 \/§( )
) Vgt =101 = (s + N3P
Yis= Is

stpg Yisdz= Itel.ls dz= J%(s + \/§pz)ls dz
Mot cach tuong tu ta co:
Sy= %(0,57 + 43.0,46) = 0,68

Nhu vay céc gia tri tich phan xen phu thu dugc s& giam dan theo chiéu:

»
»

Sq Sy S;
0,73 0,70 0,68
3.11. Khao sat sy hinh thanh lai hoa trong phan tir thing hang axetylen theo so dd
sau:
AZ
H D, D C H
e <« ¢ » o >
S y
*x

Cho biét cac AO nio cua cacbon da tham gia tao thanh cac ham lai hoa.
Tim cac hé s khi t6 hop cac AO-lai hod véi gia thiét mot trong cac hé s6 d6 1a a..
Céac AO khong tham gia lai hoa sé tao thanh lién két gi ?

Tir két qua thu duge cho phan tir C;H, ¢6 thé md rong cho phan tir BeH, thang hang
duogc khong ? Néu dugce thi hé so6 cud cac ham lai hod 1a bao nhiéu ?
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Tra loi

a) Theo so dd da cho & dau bai, ta dé dang nhan thay rang cac AO-2p; va 2p, khong tham
gia vao qua trinh lai hoa theo huéng Oy (hudng D;). Mot cach dinh tinh ta c6 thé hinh dung
nhu sau:

C* chua lai hoa C da lai hoa
2p, 2p,
AO-2py, 2p, chua bi lai hoa -
, 2p. 2p.i2p 1 el
2A0-sp lai hoa thang P pxi2py§ ‘\;}
; -
2s

Nhu vy ta c6 thé 1ap duoc cac ham:

P1=2a;s + Cipy cac ham lai hoa
(2= a8 + Copy cac ham lai hoa
©3=2p;
©4= 2px

b) Pé x4c dinh cac hé s6 trong cac ham lai hoa @; va @, ching ta tién hanh nhu sau:
@1=a;s +cipy
¢2= azs + capy
Ta dit a;=a theo dau bai, & day a < 1.
Nhu ching ta da biét Za? =1 hay
a12 + ag =
hoac ol +a5=1

Tu d6 ta co: = Vl-o®  Voi a>0 (1)

Su truc giao clia @; va @, cho ta biéu thuc:
ajayt+cic=0

O day a; va a; ludn ludn duong, con ¢ va ¢, ddu s& bién d6i phu thude vao chiu ciia AO.
Nhu so d6 di cho vé6i @, (hudng D) AO-2p, dong gop phan duong, nghia 1a ¢; > 0, tréi lai
theo hudéng D5 ciia ¢, ham AO-2p c6 phan dong gop 4m, nghia 14 ¢, < 0.

Tt diéu kién chuan hoa.

a+&=1 hay o+ & =1 dbivoi ham o,
c1= V1-o? )
a3+ & =1 hay 1 —o’+ ¢ =1 ddi voi ham @,
Cr=—0 3)
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Tir két qua tinh ta c6:

pr=os+ V1—a2py O3=D;

“)
@2= V1o s — apy ¢4= Px
Két qua nay co thé duoc biéu dién dudi dang:
S Px Py Pz
o1 o 0 12 0
02 102 0 —a 0
3 0 0 0 1
s 0 1 0 0

¢) Cac AO khong tham gia lai hod 2p, va 2p, s& tham gia dé tao ra 2 lién két .

Pbi véi phan tir thang hang BeH, ciing s& c¢6 hai ham lai hoa:

D, Be D,
Q1=a;s +cip
@2 = a8 — ¢op (do c6 hudng nguogc lai)
3.12. Biét nguyén tir C trong phén tir etylen c6 lai hod sp” hay:
a) Thiét 1ap cac ham lai hoa cua cacbon trong nhém cau tao phing
zc<H
H

biét rang hudng ciia cac ham lai hoa Dy, D, D3 nam trong mit phang xOy. D, va D, d6i
xting qua mat phang yoz.

Choa=o; goc HCH = 118°.
b) Khao sat cac ham lai hoa @; va @3 bién thién theo goc ¢ tir 0 + 360°.
Bang d6 thi v& hinh dang cac ham lai hoa ¢; va @3 cho cac AO:
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25=1=_1_

Jar
2p,= /3sin0 cosd
2p,= /35in0 sind

Trd loi

Theo ddu bai ta 1ap so d6 tong quat hudng cua cac ham lai hoa:

’
/
/ X

a) Theo so d6 ndy cac lién két déu nam trong mit phang xOy; AO-2p, khong tham gia
vao qud trinh lai ho4. Nhu vy chi c6 3AO-s, py, py tham gia dé tao thanh 3 ham lai hoa:
@1=a;s +bipxt+cipy
2= ass + bopx + Copy
@3=azs + bypx + c3py

Ham o; va ¢, 1a tuong duong vi tmg véi lién két C-H. Néu ta ldy ham ¢’ 1a d6i xtmg
V61 @1 qua mat yoz sé€ c6 ham @,, nghia la ¢;" = @.

Do AO-2s 1a dbi xtmg cau nén chiing ludn ludn khong thay doi.
Theo hudng x, ham 2p, khi thuc hién phép dbi xtng qua mat yOz thi 2p, — —2py
Theo huéng y, ham 2p, khong thay doi dau. Vay ta viét:
@1=a;s + bipx+cipy
@1’ =ai;s—bipxtcipy
Do ¢’ = @2 nén kéo theo:
a;=ay;by=-by; C2=Cl (1)
Mit khac ta lai biét: a? + a3 + a3 =
Véia; = o ta s& dé dang rut ra:
aa=a=a va a3 = V1-202 (2)

Xét theo hudng Ds thi nhan thdy Dj; s& thang goc v6i 2py, ¢ nghia 2p, khong tham gia
vao qua trinh tao 1ap ham ;.

by=0 3)
Chung ta lai biét: b2 + b3 + b2 =1
ma b2 = —b1

Nén b2+ b3=1 — b1=—b2=i 4)

V2
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Cudi cung ta phai xac dinh c3. Tir diéu kién chuén hoa, ddi v6i ham @ ta co:
Z+b3+3=1
Thay gia tri a; & (2) va bz (3) bao biéu thirc nay s& dan dén
1-20°+0+ G =1
c3=ta «/5

Do D3 hudng theo 2py nén gi tri:

c3=+a2 (5)
Ap dung diéu kién tryc giao cia ham @, va @3 ta co:

ajaz+bibs+cic3=0

hay a1-202 + L 0+ av2.ci=0
J2
1-202
c1=-— 2“ = (6)

Véi cac hé so xac dinh duoc ta c6 cac ham lai hoa sau:

T O
01 \/pr 2 Py
1 1-2a2
<pz=a5—5px— Tapy (7)

@3=V1-20% s+ a~2py

Thong s6 a c6 thé xac dinh tir cac dit ki€n da cho ¢ dau bai. Qua vay, theo so do ta co:

b.b, +
cos(Dy, D») = 21 2 C12CQ
\/b1 +°12\/b2 +3
1 1-202
2"
hay = 2
1 1-202
—+
2 2
., o
Sau khi bién doi ta co: cosllS"=—1—2 —> oc2=0,32 Vay a=0,56.
-

b) Mubn khao sat ham lai hoa ¢; va @s ta phai chuyén cic ham nay vé dang bién sb ¢. Tir
hé thire (7) ta viét ham @,

1-202

1= 05+ —=py— 2L p
1 \/E X 2 y
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@3= V1-202 s+ a~2py
Thay céc gia tri s, py va o vao s& dan téi:
3= V1-20® + 0.+/2 /35in0 sin

Mot cach hoan toan tuong tu, véi o = 0,56; 0 = 90°, sau khi thuc hién bién ddi ta thu
dugc ham @;:

Doi voi ham o5 ta viét:

03=0,61 + 1,37sind (8)

Khi ¢ bién do6i s& dan dén su bién thién clia ham ¢3. Ta lap bang dé bicu dién su bién thién

do.
Géch(®) |-90 | -60 |-30 0 30 60 90
pslaihoa | -0,77 | -0,57 |-0,08 |06 |128 |1,77 | 1,97
03 059 |032 |0006 |036 |164 |313 |386

Tur cac s6 liéu dan ra tir bang trén ta co thé biéu dién hinh dang obitan lai hoa @3 dudi day
Khi muon tim hiéu mat do xac xuat ta chi viéc binh phuong ham lai hod tuong ung.
Luc nay ta thu dugc hinh dang doi ximg qua hudng Ds.

\/

T \ 210 34
Thay céc gia tri py,pY va s vao-sf=dith den:

2
Qr=o+ % J3sin0 cosd — ,f1 _ga J/35ind sing

Do cac ham lai hoa chi ndm trong mit phang xOy nén goc 6 = 90°, sind = 1 va a. = 0,56.
Ham ¢, s€ c6 dang:

¢1=0,56 + 1,22cosd — 0,73sinO 9

R rang @; bién thién theo goc ¢. Ta 1ap bang bién thién sau:

Goc ¢ (° lai hoa 2 Goc ¢ (° lai hoa 2

6C) | o3 o3 $C) | o3 o3
0 1,78 3,16 210 -0,13 0,02
30 1,25 1,56 240 0,58 0,34
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60 0,54 0,29 270 1,29 1,68
90 -0,17 0,03 300 1,8 3,25
120 —0,68 0,46 329 1,982 3,93
150 -0,85 0,72 330 1,98 3,92
180 —-0,66 0,43

Vi cac gia tri & bang nay ta co thé biéu dién hinh dang ham lai hoa ¢; nhu sau:

Hinh dang cua ¢; (AO

3.13. Ap dung phép t&'hop tuyén tinh} hdy xdy dung cac AO lai hod kiéu sp gitta AO-2s
va AO-2p,.

Tra loi
Ta ki hi¢u ham AO-2s 1a ¢os=2s
AO-2p, la (|>2pZ =2p,

~ Theo phép t6 hop tuyén tinh thong thudng gitta AO-2s va AO-2p, (doc theo truc z) ta
viét:
Y11= d] = 3128 + b12pz
Yo =dy=ay2s + by2p,

O day d, va d, Xuat phat tur tiéng Anh: diagonal. Céc hé $b ai, ap, by, by 1a cac hfmg sb can
xac dinh. Mat khac, do cac obitan lai hoa 1a tuong duong nhau nén:

a12=a% aq =as

(D
bZ =b5 by =b,

Chung ta ap dung diéu kién chudn hoa s& co:

J\ﬁ dt = J(a12s + b12pz)2d1:

=af Izssz + bf ~|A2pzzd1: + 2a1blj2s.2pzdt =1

Vi cac ham 2s va 2p, da chuan hoé nén ta co:
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aZ +bf =1

Mot cach hoan toan twong tu d6i véi ham o, ta ciing thu dugc:
2, 12 _
a5 +b5 =1

Str dung diéu kién truc giao ta nhan dugc:

J yyodt = J (a12s + bi12p,)(az2s + ba2p,)dt

= a1a2J2szd1: + b1b2J2pzzdr + a1b2IZS.2pZdt + b1a2I2szdr =0

=ajay+ b1b2: 0 (2)
\ ~x 4% o 1
Giai (1) va (2) s€ dan toi: a=bi=a=-by= N
Vay MO lai hoa kiéu sp sé& c6 dang: d,= % (2s + 2p,)

1
db=— 2s-2p,

3.14. Cho phan tir BeH, c6 céu trac thang hang.

a) Hay biéu dién sy hinh thanh lién két  mot cach dinh tinh theo phuong phap MO véi
gia thiét cac AO cua Be chua bi lai hoa.

b) Xay dung cac ham MO mo ta sy hinh thanh lién két trong phan tir nay.

¢) Hiy xac dinh cac hé s c; ciia ham song tham gia phan dong gop vao qua trinh hinh
thanh 2 lién két o voi gia thiet mat do dién tich cua ddm may electron dugc phan bo nhu sau:

os voi Be: 30% 2H: 70 % o,
voi Be: 20% 2H: 80 %
Tra loi
Be:1s>2s> —> Be :~ 2s 2p,
H,: T ; H, T 0 0

a) Su hinh thanh lién két o trong BeH, nhu sau:

@++@;@2}3

ISa GCs

D D)@ — - T~
Is, 2p, Isp o}

b) Su t6 hop cac AO-2s va AO-2p, cua Be véi cac AO = 1s cua H theo phuong phap
MO-LCAO s€ dan dén cac ham MO tuong Gng sau:

z
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y(os) =c¢12s + ca(1s,+ 1sp)
Y(oy,) = c32p,+ ca(1sa— 1sp)
¢) Mubn xac dinh hé s6 ¢; ctia ham song y ta ap dung diéu kién chuan hoa jwzdr =1 biét

rﬁng cac ham ls, 2s, 2p, da chuén hoa. Cu thé nhu sau:

j yi(oydt = j [c125 + ca(1sa+ Isp)Pdt = & j Q2s)dt+ & j (1s,)3dt

+ c,22 J(lsb)zdt + Zéjlsalsbdt + 2c1C2IZSlsadt + 2c1czj2315bdt

Do 1s,, 1sp va 2s da chuén hoa nén biéu thirc trén co dang:
jqﬂ(cs)dr: 2+23=1
Theo dau bai & =0,30 —> ¢;=0,548
2 =0,70 — ¢,=10,592
Vay (o) = 0,548(2s) + 0,592(1s,+ 1sp)
Mot cach tuong tu ta cling xac dinh duoc c; va ¢4 cho ham y(o,) la:
Juio- & +28 -1
3 =020 — c3=0,447
2¢2=0,80 —— c4=0,632
y(o,) = 0,447(2p,) + 0,632(1s, — 1sp)
3.15. Biét ham MO lién két mé ta trang thai electron trong ion phéan tir hidro H3,
mot cach gan ding (bd qua cac h¢ so ¢;), la:
¥ =d1s, T P15,
a) Tim mat d6 x4c suit cua electron tai nguyén tir hidro A va B.
b) Cling cau hoi nay cho truong hop tai khodng cach ¢ gitra A va B.
¢) So sanh 2 két qua tim dugc ¢ a) va b)

1

Cho 1sp= lsg= e 8 1,5=0,74 A; a,= 0,53 A.

na;
Tra loi
Mat @6 xac sudt tim thay electron duoc biéu dién bang hé thic:
D=|y |2
Vay theo dau bai ta co:
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D= [, + b1, 1" = 05, + 05, + 20, by

12 2 12 -5 TP 12 172 _(Tatrg)
= 13 e_rA/ao 4+ _13 eao +2 13 13 e =N
nay nay na; nay
_2rA _ﬁ ra+g
1 a 1 a 1 a
=—-e ° +—3.e 0 +2—3.e o
nag nay nag

a) Mat do xac suat tim thdy electron tai A (ry = 0) va tai B (rg = 0,74 A). Thay cac sd liéu
tuong Ung ta co:

2.0,74 ~(0+0,74)

D4 =£% 1+e 99 +2e 05? = 11,556

o UCh

Da= 3,327
b) Lap luan mot cach twong tu véira=rg= 0,37 A ta co:
12,037 (2.0,37) 074

Dy ={;e % +e T +2e f§> = 10,990

T Tag

Dg =2,116

¢) So sanh 2 két qua tinh ta co:

3.16. Dua vao 1i thuyét cau tao va phuong phap MO, hay giai thich cac két qua quan
sat dugc sau day:

a) Do dai lién két trong phén tir Li; 1 2,67 A so véi 3,08 A trong phan tir Na,.
b) Ning lwong phan li lién két ctia N, 1a 7,38 eV so v6i 6,35 eV trong N3
b) Nang luong phan 1i lién két caa O, 14 5,08 eV so v6i 6,48 eV trong 05 .
¢) Nang luong phan li lién két ciia N5 va O3 gan nhu nhau.
Trd loi
a) Li :  1s%2s
Na: 1s? 2s? 2p6 3s
Xay dung gian d6 MO cho Li, va Na, (xem gio trinh cu tao chat dai cuong).
Tir gian dd MO ta c6 thé tinh duoc sb lién két N la:

N (Li») :%Q—m=1

NW@)=%Q—®=1
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Tuy s6 lién két trong phan tir nay nhu nhau, song d¢ dai lién két ctia Naj 16n hon do dai
lién két Li 1a vi lién két trong Na, dugc hinh thanh do sy xen phu cua 2A0-3s ¢6 ban kinh
nguyén tu Na l6n hon ban kinh nguyén to Li do 2A0-2s tao ra.

b) Mot cach 1ap luan tuong tu tir gian dd MO ta c6:

Ny~ 622ty 62— N(No)= %(6—0)=3,0

N§:~G§G;2niy cs; —)N(N§)=%(5—0)22,5
Theo 1i thuyét, ning luong lién két N5 < N, vi s6 lién két & N3 nho hon & N».
¢) 0ri~ B0l ol Ty Tl — N(Ny)= %(6—2)22,0

03 i~ o 0 & My Ty —> N(03)= 2(6-1)=25

Lap luan nhu truong hop b) ta ciing thiy nang luong lién két O, < O3 .

d) Két qua xac dinh s6 lién két theo gian d6 MO cho 2 ion phan tir N3 va O3 1a nhu nhau,
song s6 lién két thuc nghiém giita 2 ion phan tir nay khac nhau chit it.

0;:6,48 ¢V; N3 :6,35eV

C6 su khéc nhau nay 13 do dién tich hiéu dung Z* 6 O" 16n hon ¢ N*.
Z,. =8-Y b=490
Z. =7- ) b=4.25

3.17. Tu phuong phap MO ap dung cho phan tir H, nguoi ta dé xac dinh dugc ham
lién két va phan lién két c6 dang:

B 1 1/2
v-=|zisg| @ e

Hay biéu djén bang d6 thi su phy thudc cua ya vao su 1b’ién thién khoang cach (bao gom
ca trong vung lan ngoai vung hat nhan) doc theo truc lién két cia phan ti H,.
Cho: Ru = 1,06 A;a,=0,53 A.
172 _'a 12 _Ts
A= stA = (é} e %o ¢p= stB = {Lj e o

3
o g

g\
=/
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ISA ISB

(- khoang cach bién d6i doc theo truc lién két.

1/2
Theo dau bai:  y.= {2(11 3)} (da * Op) (D

O, Gs- ham da chuan hoa.
Dé khao sét su bién thién cua y: vao khoang cach / ta 1an luot tinh cac hé s & (1.
) .

Trudc tién ta tinh hé s6: Ni=| ——+

2(1£8)
Gia tri tich phan xen phu S dugc xac dinh theo h¢ thuec:

106 1(106\2] oo

1+ +—(¥j ] e 93 =0,586

S=|14+—2
53 3

Pé dé biéu dién ta ldy R = 1,06 A = 106 pm; a,= 0,53 A = 53 pm
Vay hé s6 chuén ho4 1a:

1 1/2 1 1/2
N.= { } =0,561;N_= {—} = 1,099
2(1%9) 2(1-S

Mat khéc, thay ¢a va ¢p vao (1) ta co:

12 [ -
W= Nz (Pa £ ¢B)=N+(L3J e “ete %o
TDaO

Chu ¥: ra va rg déu bat dau tinh 1dy tir diém gdc. Vi vay:

NS L &R
a a
Wi:Ni[_sJ .|le"°txe 70
na,
el [e-R
a
hay e =N.e Telte 1T )
A
g
1/2
Vi
Tir biéu thirc (2) ta nhan thiy voi 1 gi tri cua £ ta s& co 1 gia tri twong Gmg 1
nag

Két qua tinh duoc 1ap thanh bang sau:
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¢ (pm) -100 -80 -60 —40 -20 0 20 40
Y
1/2
1 0,096 | 0,14 | 0,20 | 030 | 044 | 066 | 049 | 0,42
a
v_
1/2
1 0,144 | 0,21 | 031 | 045| 065| 095| 054 | 0,20
a
¢ (pm) 60 80 100 120 140 160 200
Vs
1/2
1 0,42 0,47 0,59 0,49 0,33 0,23 0,11
e
v
1/2
1 -0,11| -043| -081| -0,73| -0,50| -0,34| -0,16
e
\} A
1/2 1,2 T T
A
nas 0.8
04 A
0 >
04 w ¢ (pm)
-0,8
12 ' '
100 0 100 200

Po thi biéu dién sy phu thudc y: vao khoing cach ¢

3.18.

T
Ve {2(1 +9)

1/2
} (0 + 0n)

Két qua giai bai toan H, theo phuong phap MO cho biét:

118

Hay biéu dién mat dd xac suit co mit cia electron bién thién theo khoang cach ¢ doc truc

lién két H-H.
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Céc s6 liéu nhu bai 3.17.

Tra loi

Ve {2(113)}1/2(% =)

) 172 _'a ] 172 _'s
Vi (I)A: ¢1$A = (EJ .e o 5 ¢B: ¢1$B = [?j .e 3
(0]

(0]

12| - _s 1/2
Y= 1 e o t+e %o L
RS el

Mat do xac suit tim théy electron dugc xac dinh bfmg biéu thire:

A s P
1 a a
D. = |\|ji ‘2: e "o t+te "o
21+9) rad
o _rg )P
:N?_r% e % +e %o
nag

ra va rg duoc tinh tir diém xuit phat la ra; hé sb Ni % (trong d6 N tinh dugc nhu ¢ bai
(0]
s6 3.17) bang cach thay céac sd liéu twong ng nhu sau:

N2 =0,561% . = 6,73.107 pm’
nag nag
N = 1,009 - =25,84.107 pr’
nag nag
_i _E—R 2
Vay: D:  _|e Poliel@
' N%i
- ma

Tir phwong trinh nay ta c6 2 phuong trinh bién dién sy phy thuéc D, va D_vao ¢ nhu sau:

2
/-R

a,

L

a

D..10" pm’=6,73| €

+e

[o]
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D_.10" pm’=25.84| €

Nhu vay, ctr mdi gid tri ctia ¢ ta thu duoc mot gia tri ciia D» hodc D_ twong tmg. Két qua

dugc ghi ¢ bang sau:
40

¢, pm 100 |80 |60 [-40 |20 o 20
D..107/pm> 020 040 0,90 |192 [4,09 |872 [527 |3.88
D_.107pm"° 044 [094 [2,01 [427 [911 [194 [6,17 |085

60 80 100 120 140 | 160 | 180 |200

{, pm
D..107/pm> |373 [4,71 |742 |50 [239 |1,12 0,53 |025
D_.10"/pm> [025 [4,02 |1441 |1134 [532 [2,50 | 1,17 |0,55
.20 , ,
£
o
=
a5t
D_
10}
5 Dy
0 ! ! >
-100 0 100 200
{, pm

Do thi biéu dién sy phu thude D vao khoing cach ¢

3.19. Xet phan to LiH. Hay viét ham song v biéu dién sy hinh thanh lién ké"g trong
phan tr nay véi gia thiét cd 60% la lién két cOng hoa tri va 40% la lién két ion; lién két duoc
hinh thanh trong trudong hop nay la do sy xen phu gitra AO-2s cua Li va AO-1s cua H.

Tra loi
Céu hinh electron cua Li va H 1a:
H: Is; Li: 1s*2s
@+ (i) —
Is 2s lién két cong hod tri ¢

Gia str trong phan tir chi c6 1ién két cong hod tri thi ham song yy s& duge biéu dién 1a:

120



121

Wi =C1Wr(DWLi(2) + coun(2)wii(1)

Do nguyén tir H c6 d§ am dién 16n hon Li nén electron bi 161 kéo vé phia hidro, vi vay
kha nang hinh thanh lién két ion lic nay la do 2 electron da chuyén vé phia nguyén ti H, vay
ham song i, € la:

Yion = cyn(1)yn(2)
Neéu ca 2 kha nang xay ra dong thoi thi ham song chung sé la:
Y = C3W htri T C4Wion
Theo ddubai & =0,60 — c¢3=0,77
& =040 —> ¢4=0,63
Vay Y = 0,77y hai + 0,63ion

3.20. a) Cho ham MO v = ¢s(A) + Lds(B). Hiy chuin hoa ham nay theo tham s6 A
va tich phan xen phu S.

b) Trong phép t6 hop tuyén tinh cac AO ngudi ta thu duoc cac MO lién két va phan lién
két ¢s(A) £ ¢ps(B). Hay chirng minh cdc MO nay truc giao véi nhau.

Tra loi

a) Ham  da cho 14 chua chuan ho, ta phai chuan hoé chiing nhu sau:
Jwiar = [Nos(A) + as(B) e =1

hay = N[ B(A)dr + [ g8(B)de + 20 [ os(A)ps(B)dr] = 1

G day tich phan j ds(A)bs(B)dt = S.

Vay j widt = N1 + 224 28] = 1.

Tir day ta dé dang thu dugc thira s6 chuan hoa N.

1 1/2
V=[]
1+A°+2AS

b) Theo dau bai, sau khi tién hanh phép t6 hop tuyén tinh 2 AO 1a ¢s(A) va ¢s (B) ta thu
duge ham MO lién két ¢s(A) + ¢s(B) va MO phan lién két ¢s(A) — ¢s(B). D€ chimg minh 2
MO thu dugc tryc giao ta ap dung bicu thurc:

[10s(A) + 0s(B)I[9s(A) — ps(B)]dT =0
Pay la dang biéu thirc quen thudc (a + b)(a — b) nén ta co:
j 03 (A)dt — j $3(B)dt =0

Vi ds(A) va dg(B) déu 1a ham chuan hoanén 1 —1=0

Do 1a diéu can chirng minh.
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3.21. Dua vao phuong phap MO hiy xac dinh ning luong E. Gmg véi MO lién két va
E_tmg v6i MO phan lién két ddi v6i ion phan tir hidro. Gia st ham AO ¢s(A) va ¢s(B) mo ta
su chuyén dong cua electron hoan toan doc 1ap quanh ting hat nhan A va B.

Tra loi
Ta ki hléu ¢5(A) = ¢A
¢s(B) = ¢
Tir didu kién chuan hoa ham song ta viét: R
I\uzdr =1 I B
Oday  y=N(¢a=¢s) (M
A R B

Nhu vy ta c6 thé biéu dién dang tich phan trén la:
N [[(0a + ¢5)°dt =N [ (4 + 63 + 20a¢p)dT = 1

Tir d6 ta d& dang thu duoc thira s6 chuan hoa

1 1/2
N= (2(1 iS)] @)

Véi S= j dadpdr

Pé xac dinh niang luong E ta phai giai phuong trinh tri riéng dudi dang:

H = g2 k& k& kS 3)
2m ra s R
hay
A 3 2 & & e
Hy =———=V°N(¢a+ ¢B) — k—N(pa+ ¢pp) — —N(da+ ¢p) + k—N(dpa + ¢p)
2m ra g R
;12 2 h2 2 2 2 2
= N[V —k T 0a—-— V2o — k= dn— k= pa—k = ¢+ k= N(pa+ hp)]
2m ra 2m s s ra R

4)
Do electron dugc gia thiét 1a chuyén dong doc 1ap trong truong cia timg hat nhan A va B
nén bai todn dugc quy vé dang bai toan dang nguyén tir H.

Vay

_ﬁvzd)A_ké(l)A:EHd)A 5
2m ra (%)

—ﬁVZd)A— kéd)B = Enos
2m B

Biéu thirc (4) duogc viét lai 1a:
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Hy = N[Euba + EH¢B_k§¢B_k§¢A+ ké(‘bﬁf ¢B)] (6)
Ap dung phuong phap bién phan ta cé:
E= I wH v dt 7
Thay (6) vao (7) ta co:

E = En [ WN(@a + po)de + k- IwN(¢A+¢B)dt ke'N| w("’A 4’5] .
A

2
= & _ ke2N? 9a 98
Eijwdr+kRIwwdr ke’N j(¢A+¢B){rB +rAjdr

2
= Ey+ k% - keZsz[q)Ai dat ¢Bi¢3+ ¢Ai<|>3+ ¢Bi¢A]dr (8)
B 'a 'a 's

Do tinh d6i xtmg cac thé ning dugc ki hiéu nhu sau:
ke[ da—- dadt = —ke? | Oa--dpdt = uy
'B B
1 1 9)
2 _ 2 _
ke j dn - dude =k jch - dade =
Biéu thirc (8) duogc viét la:

2
E=Ey+ k% ~N2QQu; + 2w)

1
ha E=Ey+kS —
Y YR T 2(1+9)

2(111 + UQ)
C}léi cung ta thu dugc nang luong E. ting vé1 ham y = N(¢a + ¢p) 1a nang luong cia MO
lién keét.

us+u
E=E+k 172 (10
=Bk - M2 (10)

Mot cach hoan toan tuong tur ta ciing thu duge ning luong ciia MO phan lién két E_tng véi
ham y = N(¢»— ¢s)

E = EH+k—+ 1 “2 (11)

3.22. Cho ning luong MO lién két:

uq +Us

E.= Ent kS
= + -
TR Mss
va nang luong MO phan lién két:

us —Uup

eZ
E_ = EH+ k= +
R 1-S
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Hay chimg minh rang tong ning lugng MO lién két va MO phan lién két uon ludn 16n
hon 2 1an ning lugng khi electron chuyén dong doc 1ap quanh timg hat nhan A va B trong ion

phan tir hidro H3 & moi khoang cach giira 2 hat nhan.
Tra loi
Theo dau bai ta phai chimg minh biéu thuc sau:
E,+E >2Ey

2 2
A € usqs +u e us —u
vavay: E,+E =FEy+k— — 172 + Ey+k— — 1 2
Qua vay: E+ YR " es MY R T T1Ss

2 2
— 2EH+ 2ke_ _ (U1 +U2)(1 —S)+(U1 —U2)(1 +S) _ 2EH+ 2ke_ _ 2U1 —28U2
R (1+S)(1-S) R 1-&2
2(Sup —uy)
(o

2 , 14 2 2
Tur bi€u thirc cudi cung thu dugc ta nhan thay nang luong day k% gitta 2 hat nhan A va B

2
hay E.+E  =2Ey+ Zk% +

ludn ludn duong nén mudn cho E; + E_> 2Ey thi ddu cua biéu thic 2(Su2——2u1) s& quyét dinh.
Ta xét A = 2(Su2——2u1) .
1-S

eKhi S=0 s&dantdi Su,=0va A < 0
e KhiS=1 s€cou,=u; vadailuong A=0
e Khi S = 0,5 (¢ khoang cach trung gian) thi ‘SLQ‘ <u;valicdd A<O.

Nhu vy, trong moi truong hop tong cac dai lwong & vé phai ciia biéu thic trén ludn ludn
nhé hon tong E; + E_ hay

E.+ E_> 2Ey hay
E >2Ey-E.

Diéu nay c6 nghia la nang lugng MO phan lién két cang phan lién két hon so véi nang
luong MO lién két.

3.23. Gia st chung ta c6 mot dau do véi thé tich 1 pm® rat nhay vai electron dat vao
trong ion phan tir hidro H3 ¢ trang thai co ban. Hay tinh x4c suat c6 mit cua electron ma dau
do nay c6 thé ghi nhan dugc khi:

a) O hat nhan hidro A va B tng voi MO lién két.

b) O hat nhén hidro A va B mg véi MO phan lién két.

Cho biét tich phan xen phu S =0,586;

Rag= 106 pm; a,= 53 pm;

1/2

1/2
da(H) = [%J & "M% ; hu(H) = {sz & 0%
@, g
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Tra loi

N

<

a) Theo phuong phap MO, ngu(’ﬁ ta da xac dinh dugc ham MO cho Hj la:

B 1 1/2
y= [Z(HS)} (0 + b)

Vi céc so li¢u da cho ta dé dang tinh dugc thira s6 chuan hoa N. :

1/2
Ny | — N.=0,561; N_=1,099
2119)

1 12 | -
TcaO

l

3o

(-R
a

te

[o]

¢ - khoang cach bién doi doc theo tryc lién két giita AB.

Tai hat nhan A ta cho ¢ =0, luc d6 ham . s¢ la:

1 12 | -
W+ - N+ {_3] e
nao

l

a,

/-R

+e ‘ %o 11 -93129.10
Vay xac suét co mit cua electron & vj tri nay la:
|y | 2dv =8,67.107
Tai B, nghia 1a # = 106 pm. Do tinh ddi ximg ctia H3 nén:
|y | 2dv = |y | 2dv =8,67.107
b) Tai A va B ttng v6i MO phan lién két.

Theo két qua giai bai toan cho H3, ham vy 1a:

~
|
Py

Thay céc gia tri tuong g véi £ = 0, tai A ta co:

|y [2dv=1,93.10"°

Vay x4c sudt c6 mit electron trong trudng hop nay 1a :
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|y [2dv=1,93.10"°

3.24. Biét ham lai ho4 sp® ndm trong mit phang xy tao véi truc x mot goc ¢ 1a 120°

c6 dang:
1/2
(1 1 3
w=(3) [S‘\Ep“\bpv]

Hay viét dang tuong minh cta ham nay khi ta s dung cac ham AO-s, p, py thudc dang
ham cua hidro (mdt cach gan dung ta chi xét phan ham goc). Chirng minh gia tri cuc dai cua
AO-sp” & huéng da chi ra.

Tra loi

Theo phu luc ta c6 céc gia tri ham goc tuong ung la:

Yo =.—;
- 4n

Yoo, = \/%sine CoSQ ;
v, - [3 guosi
2p, = 4|5 Sin0sing

Thay céc gié tri nay vao ham lai hoa sp” ta co:
tp = \/i }L—\/I.,[isin 9008(p+\/§ fisin 0sin o
3 4r 2 V4n 2\4n
1 1 3 . 3 . .
t =./= [— 1-,/=sinBcose +,/=—+3sin0Osin
: \/; 475{ \/; ? \/;\/_ (P}
- | 1—\/§sin 0(cos —+/3sin )
127 2 i ¢

Ham lai hoa t; ndm trong mét phing xy nén goc 6 = 90° hay sinf = 1. Viy AO-sp” tudng

minh la:
4 21/—1 1—1’§(COS(p—\/§Sin(p)
12n 2

Mubdn xét gia tri cuc dai cia AO-sp” theo hudng goc ¢ tao thanh véi truc x mot goc bang

120° 14 thyc hién phép ‘(’jﬁ = 0. Qua viy:
¢
di (cosp — /3 sing) = (—sing — 3 cosp) =0 hay
¢

sing = —+/3 cos¢
tgp =3 — @=120°

Do la diéu can chung minh.
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3.25. St dung mé hinh electron © chuyén dong tu do trong mach lién hop c6 cong
thirc chung 1a:

H,C=CH—(CH=CH),—CH}

a) Viét cong thue tinh AE nang luong va bude song A cia phé hap thy xay ra khi 1
electron chuyén tt micn=31énn=4 véi k= 1.

b) Cling cau hoi nhu trén voi k = 2.
Cho khodng cach trung binh giita 2 nguyén tir cacbon trong mach 1a 1,40 A.
Trd loi

Theo li thuyét dai luong AE s& la:

2 h? 2 h? h2
AE:E4—E3:4 2—3 2:7 5 (1)
8ma 8ma 8ma
s 1 hn
Mat khac: hv=hc— =7 5
A 8ma
2
suy ra: A= 8ma‘c
7h
(2)

a) k=1, mach lién hop c6 5 nguyén tir cacbon do do:
a=(N+1)/=6/=6.14A

Thay céc gia tri tuong tng vao (2) ta co:

A=332nm
b) k =2, mdt cach tuong tu ta cling xac dinh dugc budc song 1a:
A =459 nm
3.26. Cho phan tir butadien v6i 4 electron ¢ trang thai co ban. Dya vao phuong

phap Hyckel hay:
a) Viét dinh thirc thé ki cho phan tir khao sat.
b) Xac dinh ning luong electron 7t va biéu dién chung trén gian dd.
¢) Viét cac ham MO tuong tmg va biéu dién ching bang db thi.
d) Lap so d6 MO (n).
Tra loi
a) Phan tir butadien c6 cong thirc tong quat nhu sau:

CH,=CH-CH=CH,

Céc nguyén tir cacbon trong phan tir nay thudc dang lai hoa sp”. Ta c¢6 thé hinh dung cac
lién két m bang so do sau:
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Tur khung phéan tu: === === === C
ta co: Yy = Cl¢l + 02(1)2 + C3¢3 + C4¢4
(1)

Ap dung cach tinh bién phan két hop véi cac quy tic Hyckel ta d& dang viét dugc hé
phuong trinh tuyén tinh va dinh thirc cho phan tur butadien.

XC1 T Ca = 0
CitXCrtcC3 = 0
)
Cht+Xxc3tcey = 0
C3+ XCy = 0
x 100
Vdix=a—£;D=1X1O (3)
B 0 1 x 1
0 0 1 x
b) Khai trién dinh thtc (3) s& dan dén phuong trinh:
xX'=3x*+1=0 (4
Giai phuong trinh trung phuong (4) s€ dua lai 4 nghiém:
Xq = —1,618
X, =-0,618
°_ (5)
x3 = 0,618
X4 = 1,618

Thay céc gia trj x vao biéu thirc tinh ning lugng E = a — xP ta s& thu dugc 4 muc ning
luong electron . N

Eq=a+1,618p Eq
E, =a+0,618p © — K
Es=0-0,618p —H— &
E, =o—1618p g

Do a, B < 0 nén cac mirc ning luong electron  duge biéu dién & gian dd trén.
¢) Mudn xéc dinh cic ham , ta phai tim cac hé sd ¢; trong biéu thirc (1).
Dbi voi X1 =-1,618 duogc thay vao h¢ phuong trinh (2) s¢ la:

C =1, 18C1
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citc3=1,618c;
(7)
cotces=1,618c3
C3 =1,618c4
RO rang tur (7) ta rut ra:
Cr=C3Vaci=C4
Két hop voi diéu kién chuan hoa cac ham song ta viét:
FrGrgecy =1 ®)
Tir (7) va (8) ta d& dang tim duoc hé sb c;:
c1=c4=0,3717
Cr=C3= 0,6}16 ©)
Vay khi x; =-1,618 ta c6 ham MO tuong tng la:
y1=0,3717¢; + 0,6016¢, + 0,6016¢3 + 0,3717 ¢4
Mot cach hoan toan tuong tu tng voi cac nghiém Xx,, X3 va X4 ta s€ thu dugc v, Y3 va ya.
Vay 4 MO la:
y1=0,3717¢; + 0,6016¢, + 0,6016¢3y 0,3717¢4
y2=0,6016¢; + 0,3717¢, — 0,3717¢3 + 0,6016¢4
y3=0,6016¢; — 0,3717¢2 — 0,3717¢5 5 0,6016¢4 (10)
v4=0,3717¢; — 0,6016¢, + 0,6016¢5  0,3717¢4

T céc gia tri MO thu dugc & biéu thic (10) ta c6 thé biéu/dién ching bang d6 thi su

phan b electron nhu sau:

] ]
2 5 4 1 2 3 4
) V5
T 2\ 4 T 5 3 4
vs V3
/.\. /\ /‘.\J.\-/.\/\ 129
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Duya vao d6 thi ta nhan thiy su phan b electron ¢ 4 nguyén tir cacbon trong phan tir
butadien da chi ra rang g v&i cadc ham s va yy 1a cac MO phan lién két.

Do phan tir butadien 1a mach lién két thang nén ngudi ta con c6 thé ap dung cac cong
thirc tong quat dé xac dinh nang lugng Ei(m) va cac hé so c; trong cac ham MO y; mot cach
truc ti€p va nhanh chong.

Ei=a+ 2Bcos('—nj ; Cir = isin(”—n)
n+1

Vi du d6i v6i E; = o + 2[3(:05% =a+1,6183

cl=c = g sin”T'7t ~0.632.0,588 = 0,3717

== \E sin1'§'“ ~0,632.0,951 = 0,6015

= e = \E sin1'2'” ~0,632.0,951 = 0,6015

Ca= = \E sin1'g'n ~0,632.0,588 = 0,3717

d) Ap dung cac biéu thirc xac dinh mat do electron 7 (qr), bac lién Két = (prs) va chi $6
hoa tri tu do (F;) ta d& dang 1ap dugc so d6 MO(n) sau day:

T céc s6 liéu thu dugc & biéu thire (10) ta co thé:
¢ Xac dinh q:
Q=2 +2; =2(0,3717)*+ 2(0,6016)* = 1
Mot cach tuong tu ta cling tim duoc q, g3, qa.
Q=@=@G=q~1
e Gia tri prs(T)
pi12=2ciic12+ 2¢21¢22=2.0,3717.0,6016 + 2.0,6016.0,3717 = 0,894

Dé tim céc bac lién két pas va paq ta ciing tién hanh phép tinh tuong ty. Két qua s& 1a:

p23 = 0,447 va pi2 =p3s = 0,894
e Chi sd hoa tri tu do F,. Chi sd nay dugc tinh theo biéu thire:

Fr=Npax— N hay  F,=4732-N;,
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N; 14 toan bo bac lién két © va o (p(o) = 1). Vay
Fi=F,=4,732 — (3.1 +0,894) = 0,838
F,=F;=4.732—(3.1 + 0,894 + 0,447) = 0,391

V6i cac gia tri gy, prs va F; tinh duoc ta ¢6 thé 1ap so dd MO(n) cho phan tir butadien nhu
sau:

] ,00 ];00 1’00 ]700

(f 0,894 (f 0:447 iﬂ" 0,894 14

3.27. Ap dung’ églguongopﬁ)ép garf) ‘dting M@ieiia Hyckel hay tim gia tri bac lién két
cuc dai cua cacbon trung tam (cacbon s6 1) thudc phan tir trimetylenmetan (CH,);C* theo so
dd danh s sau, biét rang phan tir nay ¢ trang thai co ban c6 4 er.

\Cz
/

Trd loi (7

Cs

G

4e 1t dugc giai toa déu trén toan khung phén tir trimetylen metan theo so do:

\Cl -------- CZ
Ap dung phuong phap Mgm ta co:
WV =101+ a2+ 303+ Cady (1)

d1, 02, 03, 4~ ham AO mo ta 4 electron 1t trong phan tir.

C1, C2, C3, C4- cac h¢ so can phai tim.

Theo phuong phép bién phan ta viét:

2

Thay y & (1) vao (2) rdi khai trién va ki hiéu cac tich phan tuong mg theo cac quy tic
Hyckel ta s& thu dugc hé phuong trinh tuyén tinh thuan nhat sau:

XCiTCrtC3tCy 0
¢+ Xcp = 0
¢t + Xc3 0 (3)
Cq + XCs 0

Véi x = o-E .

Giai hé phuong trinh niy bang cach cho D = 0.
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D =0 —> xX(x*-3)=0 (4)

X =

X
N
IRE

1

O O X =
X O O =

0

Giai phuong trinh (4) s€ thu dugc céac gia tri E sau:

X; =—+/3 — 5 E; = a+43

X, =0 —> E; =a

X3 =0 s Ei-a )
X4 =+V3 —> Es=a-+3§

Gian d6 nang luong duoc biéu dién theo hinh bén.

Mubn xéc dinh cac hé s ¢; cia ham song MO v ta 1an luot thay cac nghiém x; vao
phuong trinh (3).

4
Ey
—E, : E;
Vidu: x; =—+/3 dugc thay vao (3) ta co:
J3citrcot+ e+ ca b = 0
ci— 3¢ = 0
¢ — V3¢ = 0 ©)
C1 — NEY = 0
Tu(6)taratra: c; = ¢c3 = C4
Theo diéu kién chuén hoa:
2 +ch+ c% +c2 =1
Két hop ca hai phuong trinh cudi cing nay ta s& thu duoc:
012% va 022032042%
Vay ham y; ing voi x; =—+/3 c6 dang
wim St Lt st ) ()
Ta xét nghiém x, = 0. Khi thay x, vao phuong trinh (3) ta co:
Ccrtce3t ey =
Ci 0
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Ci = 0
Ci =
Nghia la hé phuong trinh:
cteztey =
cr = } ®

O day ta co thé chon cac cap to hop doc 1ap tuyén tinh bat ki. Vi du cap ¢4 = 0 s& dan dén
¢, = —c3. Su dung di€u kién chuan hoa.

c12+c§+q23+c‘21 =1
hay G+ =1

25 =1

. 1
C) =—C3 = —

N
va Vo = % (02— b3)
)

Lap luan mét cach hoan toan tuong tw cho truong hop x3 = 0 va x4 = /3 ta ciing thu duoc
cac ham MO tuong ng:

1

V3= —=(d3— s)
V2 (10)
1,1
W4—$¢1 \@(¢2+¢3+¢4)

Dé xéac dinh N tai vi tri cacbon sb 1 cua phan tir khao sat ta phai tinh bac lién két =
cho pi2, p13 va pia. Theo dAu bai thi phén tir trimetylen metan c6 4 electron ©t ¢ trang thai co
ban va theo gian d6 niang luong thu dugc ta ¢ i, s va s véi 2 electron 1 trén y; va 1
electron 7 trén ; va . Vay bac lién két  s& la:

p12 = 2¢q1Ci2 + €212 + €31C32
Thay céc gia tri bang s6 véo ta cé:
=1
P12 \/5

Mot cach hoan toan twong tu ta ciing nhan dugc bac lién két = cua

1
P13 =DP1a=DpP12= ﬁ

Theo quy u6c ctia phuong phap HMO thi mdi bac lién két 6 bang don vi. Do d6 Ny tai
vi tri s0 1 trong phan tir trimetylen metan s¢€ la:

Nimax = 3p12(0) + 3pi2(n) C3x
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1
ha =3+3—-=3+1,732
Y 73

Nmax = 4,732
3.28. Ap dung phuong phap MO-Hjckel cho phan tir metylenxyclopropen voi 4
electron 7 & trang thai co ban theo so dd bEh,
2)c

HC—=CH
a) Viét dinh thirc thé ki rdi suy ra ﬁie)phucgﬁ)g trinh tuyén tinh Gmg véi x = Q;BE .

b) Biéu dién cac mirc ning lugng electron 7 trén gian do ning lugng. Tinh ning luong
tong cong cac electron 1 cua phan tir nay.

¢) Lap so dd (gian d6) MO (1) cho phan tir khao sat thong qua cac gia trj tinh cho mat do
electron 7, bac lién két  va chi so hoa tri tu do.

Biét: E =a+2,170; yi= 0,282¢;+ 0,612, + 0,523(h3+ ds)
E;=o+0,311p; W2=—0,8150;— 0,254d,+ 0,368(d3+ ds)
Es=o—B; v = 0,707(¢s — ¢3)

E,s=o — 1,481; Va4 =-0,506¢; + 0,749¢; — 0,302(¢3 + da)

Trd loi

a) Dinh thirc thé ki va hé phuong trinh tuyén tinh c¢6 dang:

x 1 00 X¢ + G =0
1 =

x 11 Cf + XCh + C3 + ¢4 0
01 x 1 C + Xc3 + ¢ =0
01 1 x G + G + X =0

b) Theo cac s6 liéu ciia dau bai voi a, B <0 ta c6 gidn do nang lugng sau day:

E, = a—1,481B Bl
E; = o-P —— E;
E, = a+0311p Y
E, = o+2,170B N

Theo gian d6 ning luong ta d& dang tinh duoc ning luong téng cong cac electron 7t nhu
sau:

E, = 2E;+2E; =2(a +2,170B) + 2(a. + 0,311pB)
E. = 4o +4,962p.
¢) Mudn lap so d6 (gian d6) MO () ta phai tinh cac dai lugng g, Py, F:.
o qQ =2(S; + &) = 2[0,282)*+ (—0,815)*] = 1,487
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Mot cach tuong tu ta co:
qQ2 = 0,879; q3 = g4« = 0,817
. P12 = 2(ciicint caien) = 0,742
Py; = Py = 0,452;

P34 = 0,818
o Fi = 4,732 -(3+0,742) = 0,99
F, = 0,084;
F3 = F4 = 0,461
; D487 0,742
Vay so do MO (n) la: HZC@“—““'@
3.29. Dua vao li thuyét HMQ£§y: 0:084 0-817

a) Viét dinh thirc thé ki cho phan tir benzen va xac dinh cic mirc ning luong electron ©
twong ung bicu dien cac gia tri ndy trén gidn d6 nang lugng.

b) Tinh ning lugng téng cong electron 1 cho phan tir benzen, cation va anion benzen.
Cho biét 3 hop chat trén thi hop chat nao bén viing nhat.

Trd loi
Theo HMO ta c¢6 dinh thuc: !
6
x 100 0 1 ?
1 x 1000 s 5
D_ (@1 xo000 _, -
001 x 10
0001 x 1
100 0 1 x
_a-E
X—_
B
Mo dinh thirc nay ta co:
x*—6x*+9x*—4=0
hay X - 6X*+9X -4 =0

Chia da thtrc nay cho (X — 1) hay (X —4) ta co:
X-1)(X-4)=0

Giai phuong trinh nay ta thu duge X = +1 suy bién 2 1an va X = +2. Vay cic mic ning
luong electron 7 la:

X1 =2 —> E1:OL+2[3
X, =—1 —> E2=0L+B
x3 =1 s By = a+p
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X4 =+1 —> Es = a-
X5 =+1 — Es = o—
X =12 — E¢ = a— 2[3
Gian d6 nang luong twong tng 1a:
E'A A A
7 3 — 7 —
EL B — — ELEs| — — B —
/ V/ar
Ej, ES % 4 E; E3 % % E, E - %
Cation benzen enzen , Anion benzen
bﬁ\ ang luﬁgténg cdng ell;éc tron 1t jﬁo tung hop chaliit/lduoc tinkinhu sau:
E. = 2E;+2E;+ 2E; = 2(a + 2B) + 2(au + B).2 = 60 + 83
= = 2B} +2E, + B} = 50+ 7B
El = 2E{ +2E) +2E4 + Ef = To.+7B

Theo 1i thuyét HMO ta biét o, f <0 va ‘ o | < ‘ B | nén trong s cac gia tri niang luong
tinh duogc thi E/Tﬁ <E;< Eﬁt. Nhu thé anion benzen 1a bén nhat.
3.30. Xét phan tr mach vong xiclopropenyl voi 3 electron m ¢ trang thai co ban.

Dung phuong phap Hyckel gan dung cho cac electron ©t hdy tim cac gid tri ning luong E; (n)
va cac ham MO tuong Ung.

Tra loi

Phan tir xiclopropenyl duoc biéu dién nhu sau:

CH DcH
7N

\ hay /
Ham songy 0 t4 trapd thai 3 electrop s

©) ©)
v = cid1+ cahrt+ c3ds3 (1)
Theo phuong phap HMO, sau khi tién hanh mot sb phép bién doi thong thuong, ta co6 hé
phuong trinh:

XCi+ Ct C3 = 0
citXcrt C3 = 0 (2)
cit+ CytXcs = 0

Tir (2) ta c6 dinh thuc thé ki:

x 11
D = 1 x 1 =20 3)
1 1 x
Giai dinh thtrc nay ta dugc 3 nghiém sau: EA
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Vay nang luong E; (7) cho cac electron m la:

x3 = 1 E3:OL—B
x = 1 E; = a-PB
X1 =-2 E1:OL+2[3

Mubn tim ham MO y & (1) ta 1an luot thay cac gié tri x vao hé phuong trinh (2).

Gia tri x = -2 ta co:

—2¢c1+ ¢+ c3 = 0 (a)
Ci— 2C2 + C3 = 0 (b)
Ci + Cy — 2C3 = 0 (C)
(a) — (b) din dén —3¢;+3¢c, =0 — 5 =0
(a) — (c) dan dén -3ci1t3¢c; = 0 —> ¢ = C3
Nhu vay: CI = C = C3 4)
Piéu kién chudn hoa: Z+cg+cs =1 (5)
Phéi hop (4) va (5) & ¢6 ¢1 = ¢2 = ¢3 =%. Vay ham MO v, s& 1a:
1
W1 = ﬁ(dﬂ + o2t ¢3) (6)

Véi x, = 1 duoc thay thé vao biéu thirc (2) s& dan dén:
citcte;3 =0 (7)
Mit khac, tir diéu kién chuan ho4 ta viét:
G+3+33 =1 (5

Do cac MO v, va 3 12 suy bién va thoa man diéu kién & (7) va (5) nén ta c¢6 thé chon 1
trong 3 h¢ so ¢, chang han ¢c; =0 — ¢; =—c3. Nhu vay:

012+033=c§= I — c1=—2vécz=——2

Cubi cung ham MO v, c¢6 dang:
1
V=5 (61— ¢2) )
Ham MO ;3 duoc xac dinh tir didu kién truc giao véi MO . Qua vay:
1 1
cil=|t+c0)+ci|—|=0 —> ci=c3(=c¢
1(\5) 2(0) 3(\/5] 1=¢3(=¢)

T (7) ta co: citcates=0
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hay 2ci+¢c=0 — cn=-2¢c;=2¢
Do do6: Y3 = cd—2chr+ cds

Ap dung diéu kién chuan hoé cho trudng hop nay ta co:

1
ct+act+cei=1 — c=—

J6
Cudi cung ham MO thu dugc sé& c6 dang:
1 2 1
= —01+ =g+ — 9
W3 G 1 G (03} N 3 )
3.31. Cho phén tu bixyclobutadien v6i 4 electron © &
trang thai co ban va dugc biéu / dién theo so do sau:

/

a) Ap dung phuong phap HMO hay viét dinh thirc thé ky cho phan tir nay.

b) Tim céc mirc ning luong cho céc electron 7 va xac dinh ning luong © téng cong cua
toan phan tu.
¢) Tinh nang lugng gidi toa (nang lugng cong huong) cua phan tir khao sat.
Tra loi
~ Theo phuong phap HMO ta dé dang viét dinh thirc thé ky véi 4 electron ©t sau khi danh
dau thtr tu trén tirng nguyén tur cacbon cua phan tir.

11

1

0
1|70 4 2
X

O = X a

X
= D=1
1
1

_ X =

véix=*E
p
Pé xac dinh cac mic nang lugng electron 7 ta phai mé dinh thirc D va tim cac gia tri x.
Qua vay, tu D ta viét:
x 10 110 1 x O 1 x 1
D=x1 x 1|-11 x 1+1 1 1-1 1 x|=0
01 x 11 x 1 0x (1 01

Tur cac dinh thirc bac 3 nay ta dé dang thu dugc phuong trinh:

x'—5x*+4x=0 hay x(x - D*+x-4)=0
Giai phuong trinh nay ta thu dugc 4 nghiém sau:
X1=-2,562; x2=0,000; x3=1,000; x4=1,562
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Thay 4 nghiém x vira tim dugc ching ta c6 4 muc nang lugng electron ©t tuong ung la:

Vay nang luong E; (m) cho céc electron t 1a: \ E
x; =-2,562 E, = a+2,562p — E4
Xy = 0,000 E2 = o D — E3
X3 = 1,000 E3 = OL—B
I E;
x4 = 1,562 E; = a— 1,562
g

4 electron © ctia bixyclobutadien chiém gitt 2 mirc ning luong E, va E, ¢ trang thai co ban.
Vay nang lugng tong cong cua electron ctia phan tir s€ la:

E. = 2E, + 2B, = 2(o. + 2,562B) + 20, = 4 + 5,124

c) Ching ta biét ring ning lugng giai toa hay ning luong cong huong, co khi con goi la
niang lugng bén hod. Trong phan tir blxyclobutadlen c6 thé xem bao gdm 2 phan tir etylen
riéng biét (dinh cu riéng r&) véi 2 electron T cho mdi phan tir. Vay ning luong cta hé
electron m nay sé la:

2 x2(a+PB)=40+4p

Do a, B <0 nén nang lugng E; cta phan tir bixyclobutadien khi giai toa s& thap hon so
v0i nang lugng 4 electron m dugc ¢o 1ap ¢ 2 phan tu etylen la 4o + 4. Hiu nang luong trén
s€ 1a nang lugng bén hoa cua phan tr khdo sat:

AE = (4 + 5,124PB) — (4o, + 4B) = 1,124p

3.32. Ap dung phuong phap MO hiy khéao sat su hinh thanh lién két trong phan tur
LiH voi gia thiét lién két o duoc tao ra boi sy xen phu gitta AO-2s (Li) va 1s (H).

a) Hay viét su t6 hop cila cac ham song dé hinh thanh lién két 6 va cho biét trong 2 hé s6
ci vacycua AO ¢ (H) va dos (Li) thi hé s6 nao 16n hon. Phan tor LiH ¢6 bi phan cuc khong ?

Cho nang luong cac AO tuong Umg theo eV la:
Li: —67,32 (1s); -5,39 (2s)
H: —13,6 (1s)

b) ’Vié't dinh thirc thé ki cho phan tir LiH. ‘Tinh nang lugng E cua cac MO hinh thanh véi
gia thiét tich phan xen phu S dugc bo qua. Bi€u dién cac mirc nang luong MO thu dugc trén
gian do.

Cho Hy» = Hy) = j 02 (Li) F d1s (H)dt = 4,0 €V.

¢) Xac dinh cac h¢ s6 ¢; ctia ham séng va viét tudng minh dang MO lién két va MO phan
lién ket.

d) Tir két qua thu duoc & trén hiy cho biét sy phan bd electron cua lién két gitta 2 nguyén
tur trong céc trudong hop sau:

Cho phan tir gia thiét dé tinh 1i thuyét.

Cho truong hop lién két hinh thanh khong phan cuyc.
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Cho truong hop lién két hoan toan 14 ion.

e) Tinh & (%) cho LiH, biét /15 = 1,6 A.
ID=33.10""Cm; pym=5,88D

Trd loi

a) Lién két o dugc hinh thanh trong phan tir LiH 14 do sy xen pha AO-1s (H) v&i AO-2s

(Li).
[

Céac ham AO tuong tng 12 ¢1s(H) = 1s va dog(Li) = 2s. Sy td hop hai ham AO nay la:

v = cidis(H) + cados(L)
Theo cac sb liéu vé ning luong da cho ¢ dAu bai ta nhan thay E;(H) = —13,6 eV nho hon
Eys (Li) =—-5,39 nén electron s€ kéo vé phia obitan 1s ctia H vi vay c¢; > ¢,. Véi 1ap ludn nay
phén tir LiH s& bi phan cyc va co6 gia tri momen lugng cuc p nao do. Diéu nay sé& duoc kiém
dinh qua phan dinh lugng & cau e).
b) D,é xac dinh ning lugng MO hinh thanh lién két o ta 4p dung phuong phép bién phan
s€ dan dén hé phuong trinh:

(H11 =S41E)cy +(Hy2 —=S12E)c, =0
(H21 =84E) ¢y +(Hpo —SpE)cp = 0
Hi1 -S14E Hqyp-SpE
Ho1 =SB Hao =Sk

(1)

va =0

Cj déy H11 = J‘ISHF] ISHd’E 5 sz = I2SL1|:| ZSLid’C

H12 = H21 JlSHF' 2SLid’E

Gia thiét S;; = Sy = 1 va S; = Sy; = 0 dinh thirc s& 1a:

Hi-BE Hipo |,
Hyy  Hyp-E
Thay céc gia tri bang s6 cho ¢ dau bai ta co:
-136-E 4,0 ‘ ~
-4,0 -5,39-E
hay E®+ 18,99E + 57,30 = 0 (3)
Giai phuong trinh (3) ta co:
E; =-1523 eV
Es*= -3,76 eV

Két qua nay duoc biéu dién trén gian d6 MO sau :
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EAeV AO(Li) MO(LiH) AO(H)

0
2

4
6 4_\

8

0

2

Gién dd MO(c) } }: a LiH —H—/
¢) Mubn xéc dmhit s ¢; cha cac Mo tuong Ung:
V= cid1s(H) + caos(Li)
Ta thay céc gia tri E 1an luot vao hé phuong trinh (1) dudi dang:

(-136-E)c; 4,00, = 0

4
~4,0c;  (-5,39-E)c,= 0 ©®
Vi E, =—15,23 thay vao (4) s& dan t6i:
1,6301 — 402 =0 (5)

—4c; +9,84c, =0
Tir (5) ta lap quan hé ¢; = 2,45¢,. Mit khac ta ap dung diéu kién chudn hoa s& co:

+c3=1

Tur day suy ra: ¢; = 0,93 vac, =0,37. Vay

Yo =0,9301(H) + 0,37¢2(Li)
Mot cach hoan toan tuong tu voi E =-3,76 ta cling co:

ys* =0,37¢15(H) — 0,93¢25(L1)

d) Chung ta biét rang trén mdi AO-s ctia H va Li déu c6 1 electron; 2 electron nay s&
chuyén xudng mirc nang lugng thip dé tao ra MO lién két. Mit khéc, ta ciing biét sac xuat c6

mat cda electron quanh tirng nguyén tir s€ ti 1€ thuan véi hé ) C,2 cua MO. Nhu vay, &
MO(o) thi sac xuét tim thay electron quanh H va Li la:

¢? =(0,93)* = 0,864
c =(0,37)"=0,136
Khi c6 2 electron trén mdi MO thi:
Véi H: 0,864 x 2 = 1,73 ¢
Li: 0,136 x 2 = 0,27e¢

Gia st lién két o trong phén tir LiH khong phéan cuc thi 2 electron dugc phan bd déu cho
ting nguyén tu la 1 electron.
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Néu lién két o c6 tinh ion thuan tuy thi lién két o trong truong hop nay phan cuc va co
gia tri mémen ludng cuc.

e) Xac dinh phan tram lién két ion o (%) ta ap dung cong thic:

5 (%) = M 100
Wt

Tl dau bai ta tinh py, = q. /
e b= 1,6.10"7C.1,6.10""m = 2,56.10 C.m

_ 5,883,3.10°Cm

Va &(%
Y %) 256.102°Cm

100 ="75,79 = 76%

Theo két qua tinh bang phuong phap MO thi ¢ H ¢6 1,73 e, nghia 1 du 0,73 e (4m); con
Lic6 0,27 e, nghia la du 0,73 e (duong).

Ta c6 thé bi¢u dieén sy phan bo electron d6 nhu sau:

0,73 + 0,73 -

Két qua tinh 8(%) 1a 76%; fighta ta & phan bd gitra Li 14 0,76. Su khéc biét giita 2 cach
tinh khong 16n va kha phu hop.

3.33. Trén co s¢ cia phuong phap MO-Hyckel hay xac dinh gia tri ndng lugng
electron 7-E va ham song y tuong tng dbi véi phan tir focmandehit, biét rang phéan tir nay co
2 electron 7 ¢ trang thai co ban.

Cho a¢c=a + 0,2; ao=0a+0,703; Bco=1,1P

Trd loi

Su hinh thanh lién két trong phan tir focmandehit co thé duoc biéu dién dinh tinh nhu
sau:

H H
>C=0 hay
H H

~
~
Electron 7 dwoc md ta bang cac AO 1a ¢c va o MO (R)¢ua phan tir 13:
Vv = codo + cchc

Theo phuong phap MO-Hgyckel ta c6 thé thiét 1ap hé phan tir tuyén tinh thudn nhét cho 2
electron © cua focmandehit la:

(a0 — E)eo+ Beocc =0
Bcoco + (ac — E)ec =0
hay (a+0,7B—E)co+ 1,1Bcc =0
1,1Bco+ (o + 0,2)cc =0

Véi x = G—EE ta viét lai phuong trinh nay duéi dang:
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(x+0,7)co + 1,1cc 0 ()
I,1co + (x+0,2)cc } 0

H¢ phuong trinh (1) ¢6 dinh thuc D la:

x+0,7 11 | _

1,1 x+0,2
hay xX+09x—1,07 =0
2) EA
Giai phuong trinh (2) ta thu dugc 2 nghiém: E
2

x; =-1,58  tuong img v6i E; = a + 1,583
x; =+0,68  tuong tng voi E;= o — 0,680 —H— £,

E, 12 ning luong cia MO lién két

E, 1a nang lugng cia MO phan lién két

Trong phan tir focmandehit ¢6 1 lién két © dugc hinh thanh & nhém C=0 nén trén gian d6
MO(r) ta chi biéu dién sy hinh thanh lién két nay. Gian d6 MO(x) la:

C C=0 O

E 5

a-0,68 B o=

’
’
/
’
’

a+0,2 B4~
2p

\ \
\

Ve
\ o / 2p

\ ’

Sw hinh thanh | 10(n) ciia nhém C=0

Tim cac MO unj o6l .88 luong E}—Vﬁ—Ez tire 1a x4c dinh cac hé sb co va cc ciia ham
song y. Thuc vay: T

Vi x; =—1,58 dugc thay vao hé phuong trinh (1) ta c6:
(-1,58 +0,7)co+ 1,1cc=0
L,Ico+ (-1,58 + 0,2)cc =0
hay -0,88co+ 1,1cc =0
I,Icot1,38¢cc =0

Cc = @Co = 0,8C0

’

két hop vdéi dieu kién chuan hoa:

s€ suy ra (0,8co)* + c% =1
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1,64c3 =1

1
h = |— =0,781
ay 7 |64

va cc =0,8co =0,624.
Vay vy =0,780o+ 0,62¢c tng véi E,
Mot cach hoan toan tuong tu khi thay x, = 0,68 vao hé phuong trinh (1) ta cling tim dugc
ham y, la:
y2 = 0,623¢0 — 0,782¢c

- 3.34. Xét phan tir khi tro XeF, thudc dang ciu tric thang 3 tim. Su hinh thanh lién
két trong phan tir nay 1a do sy xen phu cua AO-5p (Xe) va AO-2p (F). Gia sit ham MO 3 tam
trong phan tir XeF, c6 dang:

V= i1t cxedxe T C202

a) Ap dung phuong phap HMO mo rong cho cac electron ¢ hdy xac dinh gia tri nang
luong twong Gng voi gia thict:

OF = Oxe — QA

b) Cho thé ion hoa sau:
Ixe=12,13eV; Ig=1742¢eV
Ti s6: e = xe
OF ||:

Hay xac dinh ning luong lién két trong truong hop nay.
Trd loi

Trudc tién ta hinh dung lién ké‘g dugc hinh thanh trong phén tr XeF, la do sy xen phu
gitra AO-5p (Xe) va AO-2p (F) co6 thé dugc bi€u dién nhu sau:

o . o, .
Trong trudong hop néegvcn cat%uc thang 3 tam ham MO duoc viét dudi dang:
v = c101(F) + cxexe + C202 (F)

hay don gian Y =cCip1 Tt CxePxe T C2P2 (1)

Theo phuong phép bién phan tng dung cho HMO ta ¢6 dinh thirc:
afF — E Bxer — ESxer Brr — [ESkr

D = Brxe — ESkxe axe—E Brxe — ESkxe (2)
Brr — ESgr Bxer— ESxer OF —

O day OF = 0xe = O ; Pxer =Prxe = B 5 Prr=0
Sk = 0 Sxer = Spxe =S =0
Nhu vay dinh thuce (2) ¢6 dang:
hodc a-E B 0
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iy a—E ,
Vol X = T,taco:

X 1 0
D= 1 X 1 =0
3)
0 1 X
hay D=x-2x= 0. EA
Giai phuong trinh nay ta co: -
X1 =2 —> Ei=a+42B —H—
X, =0 —> E, =a —H—

X3 = \/5 —> E3 = o — \/EB
Tir cic gia tri E; ta d& dang xac dinh ning luong toan phan:
Eyp=2E;+2E; =2(a + V2B) + 200 = 4o + 242

b) Dé hoan thién két qua tinh thu dugc trong khudn kho phuong phap HMO véi gia thiét
Otxe _ Iﬁ _ 12,13

ban dau w142
Ta suy ra: oxe = 0,696ar = 0,696 4)
Thay gié tri oxe vao dinh thirc trén ta co:
oa-FE B 0
D = B oxe—E B hay
0 B la—F
oa-FE B 0
B 0,696a—E| B
()
0 B o—F/

Giai dinh thirc (5) ta thu duoc:
(o — EN[(0,6960. — E)(o. — E) — 2B*] = 0 (6)
o-E=0— E =a (7)

(0,696 —E(o.—E)—2p*=0
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E” - 1,6960E + (0,6960% — 2B%) = 0 (8)

Giai phuong trinh bac 2 (8) ta thu dugc cac nghiém sau:

2
E =0,848a + B /m% )

0,02302

O biéu thirc (9) ta chua biét ti s6 % nén khi cho o = f thi s6 hang duéi cin 7 <<2
c6 thé bo qua duoc. Vay gia tri ning luong E'sé la:
E = 0848 0a £ 2B (10)
Két hop (7) va (10) ta c6 két qua nang luong 1a: p
A

E} = 0,848 a+ V2P ¥

E) = a ) 44— &

Ef = 0,848 a— 2P —H— E
Ning luong toan phan nhan dugc sé la:

El, = 2B} +2E, = 2(0,848a.+ v2B) + 20 = 3,70+ 22

3.35. Thuc nghiém cho biét gitra phan tir etylen va ion Cu’ tao thanh phirc 7.

1. Hay biéu dién sy hinh thanh phirc 7t giira phén tir etylen va ion Cu".

2. Ap dung phuong phap HMO hiy x4c dinh gié tri ning luong ctia cic electron 7 va biéu dién
ching trén gian do r6i suy ra nang luong tong. Biét rang phirc 7t tao thanh la do 3 electron &t cia
cacbon va Cu' tham gia.

Cho: Ocy =0o +hp véi =-0,8
Becu = kP v6i k=0,234
Trd loi

1. Phirc 7 duoc hinh thanh giita phén tir etylen CH,=CH, do 2 electron 7 ciia ndi d6i cua
nguyén tir cacbon va 1 electron m khi AO-3d cua ion Cu’ bi kich thich. Qua trinh hinh thanh
phtic m trong trudng hop ndy c6 thé duoc biéu dién theo so dd sau:

&

VA
\-i." i ng phuong phap HMO:

v =cidrt codaF Cads
Ap dung phuong phap bién phan va cac quy tic Hyckel thong thuong s& dan dén dinh
thure:
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ocu—E Beu- Bcu-c
D = BCu—C oa—E B =0 (1)
Bcuc B o—E

O day oy 12 tich phan Culdng ciia Cu véi gia tri:
ocy = a+hf
Bcu-c = Pcuc = kP 1a tich phan cdng hudng gy nén do su tuong tdc gilra cacbon va

Cu. Thay cac gia tri nay vao dinh thic (1) va ki hi¢u x = a—gE ta s€ thu dugc dinh thirc méi:

x+h k k
D= k x 1 =0 2)
k 1 x
1 k 1 k
(x+h)x -k +k X =0
1 X k x k 1

(x +h)(x* - 1) —k(kx — k) + k(k —kx) =0
Sau khi bién déi ta thu dugc phwong trinh:
(x—D[x*+x(h+1)+h-2k*]=0 3)
Tur phuong trinh (3) ta thu dugc cac nghiém sau:
x-1)=0—70> x=1 (4)
X+ (h+1x+(h-2k? =0
Thay cac gia tri h =-0,8 va k = 0,234 ta co:

x>+ 0,2x — 0,9095 =0 (5)
Giai phuong trinh bac 2 (5) ta dugc cac nghiém:
x=0,859 va x=-1,060 (6)
Nhu vay cac mirc ndng luong electron m la:
x; =-1,0600 —> E;= o+ 1,068 EA
X, = 0,859 —>FE,= a—0,859B (7) Es
x3 = 1,00 — > B3 a=fp— £
Ning luong tong cac electron 7 s& la: —H— E
E. =2E;+ E,
E:=2(a + 1,06B) + o — 0,859
E.=3 a+1,261PB (8)

3.36.  Lap so d6 MO (n) cho phtc © duge hinh thanh giita phdi tir etylen va ion
Cu'véi cac so liéu sau:

‘ Ne E; Vi
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1 o+ 1,064p 0,192¢1 + 0,692¢; + 0,692¢5
2 o —0,864p 0,985¢1— 0,123¢2— 0,123¢3
3 a—p 0,990¢1 — 0,115¢2— 0,115¢3

Tra loi

Dé 1ap so dd MO () cho phirc  (xem bai giai 3.35) ta phai tinh 1an lugt cac gia tri sau:

EA
E;
—— £
A —a—A E
o Mt d6 &lectrod m:

Q=2& + & = 2.0,192)°+0,985* = 1,04
@ =23 + S = 2.(0,692)*+ (-0,123)*=0,98 = q3
e Béc lién két:
P12 = 2C11012+ C21Co2 = 20,1920,692 + 0,985(—0,123) = 0,14

P12= P13
P23 = 2C12013 + CCy3 = 20,6920,692 + (—0,123)(—0,123) = 0,96
e Chi sb hoa tri tu do:

Fi = V3 —(0,14+0,14) = 1,45
F, = F3 = 3 = (0,14 +0,96) = 0,63
Tir cac két qua thu dugc ta ¢6 thé 1ap so dd MO() cho phirc © khéo sat nhu sau:

0,98 0,96 0,98
HyCom—=——mreeeeeCH,, — 063

0,14\

3.37. Str dung md hinh vi

at@huyén dong tu do trong giéng thé mot chiéu cho hé
lién hop mach ho ctia phan tur octat

ovraen. Hay
a) Tinh nang lugng tong cong cho hé 1ién hop w ndi trén theo kJ.mol '

~b) Xdc dinh ) sc’)ng’(cmfl) cua phérhép thy khi 1 electron © chuyén tir MO bi chiém cao
nhat (HOMO) 1én MO trong chua bi chiém thap nhat (LUMO).

Biét d¢ dai trung binh cta lién két C—-C1a 1,4 A; m, =9,1.10°" kg;

h=6,62.101J.s.
Trd loi
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r 2 r r b 2 r r r
a) Chung ta biét E, = n’ h 5 cho giéng thé mot chi€u; a la chiéu rong giéng thé. Poi voi
8ma
mach lién hop octatetraen co 8 nguyén tir cacbon, d dai giéng thé a = (N+1)/c_c; N 1a s6
luong cacbon trong mach. 8 electron 1 dugc phan bd trén 4 MO tir n= 1 + 4. Vay Ey sé la:

Er=2(Ei+E,+Es+Ey)

Es —4+  LUMO

Es| L4 Homo
By —H—
B —t—
E; —H—

—34 —23 4103
8.91.107°°.(9.1,410° )

E,=1,37.10° kJ.mol "
b) MO bi chiém cao nhit ing véi n = 4; MO chua bi chiém thap nhét tmg véin =5
Khi electron chuyén tur E4 — Es, nghia la tr HOMO 1én LUMO ta c6:

2 2
AE=E5—E4=%C=(52—42) " =9

8ma? 8ma
Trong trudng hop nay sé song sé 1a:

1_g-2E_g N thay s6 vao ta co:
A hc  8mca®
34
G = 9.6,62.10 — 17183 e

8.9,1.10°1.3.108(12,6.10710y
3.3 Bai tap chwa cé loi giai

3.38. Hay viét ham khong gian (phan toa d6) mé ta sy hinh thanh lién két cong hoa
tri theo phuong phdp VB duogc tao boi gitta AO-1s cia nguyén tir hidro va AO-2p, cua
nguyén tir oxi.

3.39. Ap dung phuong phap VB hiy viét ham khong gian biéu dién sy hinh thanh lién két
O-H trong phan tir H,O cho 2 trudng hop sau day:

a) Khi nguyén tir oxi chua bi lai hoa.

b) Khi nguyén tir oxi da ¢ trang thai lai hoa.
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3.40. Cho biét ham v thudc kiéu lai hoa sp” c6 dang y = St/?p. O day ham s va p

deu da chuan hod, hay ching minh rang ham y ciling chuan hoa.

3.41.  Phan tir metan c6 cAu tric t dién déu.
Lién két cong hoa tri trong phan tir nay dugc hinh A
thanh 13 do sy xen phu giita cac AO-lai hoa sp® cia
nguyén tr cacbon vd&i cac AO-1s cua nguyén tir H.
Hay viét cac ham song lai hod twong tmg cho 4 lién két
cong hoa tri ¢ cua CHa.

(-1-11)

(11)1)

2 2. REEDY LEEtt s B Y
Huong dan: , (11-1)

V& tir dién déu va tim hudng cia cac AO—sp3 veé 4 (11-1)
dinh cua tir dién.

y

3.42. Ap dung phuong phap HMO hay:
a) Lap dinh thuc thé ki cho gdc alkyl.
b) Xac dinh cdc muc ning lugng electron m va biéu dién ching trén gian do.

¢) Tinh nang lugng tong electron 7 cho gdc alkyl, cation va anion ciia gdc nay. So sanh
cac ket qua thu dugc va cho bict nhan xét.

Biét o, B <0 va gbc alkyl & trang thai co ban c6 3 electron .
PS. b)E =a++2B ; E;=a; Es=a—+2
¢) Anion gdc alkyl bén viing nhat.
3.43. Trén co so ciia phuong phap gan dung Hyckel hay:
a) Xac dinh nang luong cac electron & cho phan tir ge allyl va xiclopropenyl.

b) Tinh ning luong tong cong céac electron 7 cho cation gdc allyl va cation gbc
xiclopropenyl. Dua vao két qua tinh hay cho biét trong 2 cation khdo sat thi cation nao bén
virng hon.

Biét o, p <0 va hoan toan nhur nhau
PS. a)  Allyh:E;=a+v2p; E;=o; Es=a— 2P
Xiclopropenyl: Ej=a +2f; E5 = Eé =a—-f
b) Cation xiclopropenyl bén virng hon.

3.44. Cin cr vao 1i thuyét HMO hiy xéac dinh xem nhimng hop chit nao dudi day tng
v6i nang luong electron w thap nhit.

a) Phan tir trung hoa, cation, anion butadien-1,3.
b) Phan tir trung hoa, cation, anion xiclobutadien.

Biét: E, =a+1,62p : E} =a+2p

E; =a+0,62B : Eb=a
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E; =a-0,62 ; E/3=0L
Es =a—-1,623 ; E) =a—2B
Cho C4H6 Cho C4H4

a, B < 0 12 nhu nhau ddi v6i C4Hg va C4Hy
PS.  a) Phén tir C4Hg c6 E, = 40 + 4,48 thap nhat
b) Anion (C4Hy4): EL. =50, + 4P thap nhét

3.45. Cho phan tir lién hop 7 c6 cong thirc ciu tao va duge danh s6 thi tu sau day:
1 2
CH,=—CH
3 4
C=CH,

r 6 2 5 /4 r
a) Ap dung phuong phapamddtlg MO Hyckel hay vict dinh thirc thé ki. Tir cac gia tri x;
thu dugc hay xac dinh nang luong E; va biéu dién ching trén gian d6 nang lugng.

b) Xay dung so d6 MO(). Biét cac s liéu sau:

X1 W1 V2 V3 Ya Vs Ve
-1,932 0,230 —-0,500 0,444 0,444 -0,500 0,230
-1,000 | 0,444 | -0,500 0,230 | -0,230 0,500 | -0,444
-0,518 | 0,628 0,000 | -0,325 | -0,325 0,000 0,628
0,518 0,325 0,000 -0,628 0,628 0,000 -0,325
1,000 0,444 0,500 0,230 -0,230 -0,500 —-0,444
1,932 0,230 0,500 0,444 0,444 0,500 0,230
bS.
a) E;=a + 1,932
E,=a+B Oyt Dy,
=Q g ——— ~0408
’ ’ SO 0w @
Es=oa+0,518B G =5 CH;
@y, o2y P 0 |
Es=a—-0,5183 o 0916
Es=a-P 0:824 0:416
E¢=a—1,932f3
3.46. Electron © ctia phan tir etylen hip thu mot bude song A = 1625 A khi chuyén tir
2 2
muc nang luong E| = 5 dén muc nang lugng E, =4 h 5 Tinh d6 dai lién két C—C trong
8ma 8ma
phan tir ndy theo A.
Chom=09,1.10""kg; h=6,62.10""Js; ¢=3.10"ms"
Huwéng din:
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Xem electron 7 trong phan tir CH,=CH, 12 mot giéng thé 1 chiéu doc theo lién két C—C
v6i d6 rong a = (N + 1)¢; N- s6 nguyén tir cacbon.

DS. EC—C: 1,28 A
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Chuong 4

UNG DUNG LI THUYET NHOM TRONG CAU
TAO CHAT

4.1 Li thuyét tom lwoc

Li thuyét nhom vé d6i xtng phan tur gilr mot vi tri quan trong dac biét d01 v61 hoa hoc
lugng tur. Vi vay ndm chéc khai niém vé ddi xung sé& giup ching ta hiéu sau sic hon vé ban
chat ciu tao phan tir.

4.1.1 Khai niém vé doi xirng

M6t vat thé hodc mot phan tir goi la ddi xing néu sau khi ta thuc hién mot sb phép bién
do6i nao do, ta lai duoc vat theé hay phan tir d6 khong khac vé mat vat 1i so véi chiing ¢ trang
thai ban dau.

C6 thé noi tmg véi mot cau trac hinh hoc xac dinh, phén tir ¢ tinh dbi ximg xac dinh.
4.1.2 Cac yéu to ddi xirng va cac phép doi xirng phan tir

Do phan tir 1a mot hé hitu han nén chiing ton tai hai phép ddi xting co ban la:

a) Phép quay hé théng mot goc xac dinh chung quanh truc dbi ximg.

b) Phép phan chiéu qua mot mit phing xac dinh.

Ung véi 2 phép dbi ximg nay ngudi ta c6 cac yéu td dbi ximg twong g sau:

+ Tryc dbi xtmg va phép quay C,. D6 1a phép quay chung quanh mét truc voi goc bang
2n

n
+ Mt ddi ximg va phép phan chiéu o.

Khi phan chiéu cac nguyén tir di qua mot mit phang phan tir ta c6 phép phan chiéu .
Bang phép phan chiéu ndy cac hat nhan nguyén tir trong phén tir déu dwa vé nhiing vi tri
tuong duong dan dén mot mat dbi xing o véi 3 truong hop.

* op,- mat dbi xtmg thang goc véi truc ddi xung chinh.
* 5,- mit dbi ximg chtra tryc ddi ximg chinh.
* o4- mat d6i xtmg di qua duong chéo.
+ Quay quanh mot truc rdi phan chiéu qua mot mat phang thang goc vai truc S,.. Phép
quay C, quanh mét truc di qua phan tir véi géc % va phan chiéu cac nguyén tir qua mot mit

phang thang goc véi truc din t6i phép phan chiéu quay S,.
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+ Tam ddi xtng va phép dao chuyén L

Phép ddi ximg nay sau khi thue hién s€ khong c6 mot sy thay d6i nao. Noi chung bat ki
mdt phan tr nao cling déu c¢6 doi xung don vi (doi xiing hoan nguyén I).
4.2 Khai niém vé nhom
4.2.1 Dinh nghia

Nguoi ta coi mot nhom la tp hop G cac phanttr A, B, C...ki hiéula G [A, B, C...] va
tuan theo 4 diéu kién (luat hop thanh) sau:

* Tich AB cua 2 phan tir A, B batki € G ciing 12 phan tir € G, nghia 14 phép nhan c6
tinh chat kin.

* Phép nhan trong nhom c6 tinh két hop:
(AB)C=A(BC) véimoi A,B,C € G
* Trong nhém c6 mdt phan tir duy nhét 13 phan tir don vi, ki hiéu Ia E sao cho:
AE=EA=AVAeG

* Moi phﬁn tir A thudc G ¢6 mot phén tir nghich dao, ki hi¢u la A cling thudc G sao
cho:

AAT=ATA=E
4.2.2 Nhoém diém déi xirng

Tap hop cac phép doi xung vdi phan tir thoa man 4 diéu kién cia nhom va c6 it nhat mot
diém khong doi s€ 1ap thanh nhém diém doi xung.
C6 nhicu loai nhém diém doi xung khéac nhu sau:

Cac nhom C,, Sy, Cun, Chy, Di, Dip, On... (xem cac bang dac biéu & phﬁn phu lyc).
4.3 Biéu dién nhém

(O phan nay cac kién thirc vé& ma tran va dinh thtrc s& dugc ap dung)

Béng nhan nhom:

»
>

\’

—Z g >
// i G’v(xz)
/ -7 -
X H} 47" “Ha
Phan tir H,O I
Gv(xz)

Thong thuong nguoi ta biéu din cac phép ddi ximg trong nhom diém bang cac ma tran
unita.
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Vi du nhém C,, dbi voi phan tir H,0O.

Céc ma tran biéu dién cac phép doi xang E, C,, oy, o thuc hién 1én mot diém c6 toa do

X,y s€ la:
s()=6) e - (0 T)0)
y y y 0 1)y
e (5)-(5)en ()= (o 2)0)
y -y y 0 -1)\y
)= () wen a5 = (o 2 6)
Oy = tac la o, =
y -y y 0 -1)\y
o ()-(5) wen el - (% 5)6)
y y y 0 1)y
Nhu vay v6i 4 phép ddi ximg E, Cs, o, o, ung véi mot bo gdm 4 ma tran:
1 0 -1 0 1 0 -1 0
0 1 0o -1 0o -1 0 1
lam thanh mot biéu dién (ki hi€¢u 1a I') cia nhom C,,.

Tur nhitng phép dan gii ¢ trén ta cé thé noéi: Biéu dién nhom 1a mdt b cac ma tran cung
cap bi€u dién cac phép doi xirng cia nhém, thoa man bang nhan nhom:

vigedo=c: (70 ) (3 )= 5
o 1) (0 -1 0 -1

Bang nhan nhém C,,

Cay E C Ov av
E E Cs ov o)
C Cz E G(/ ov
ov ov (5{, E Cz
G{, CJV ov C E

4.4 Biéu dién kha quy (KQ) va biéu dién bat kha quy (BKQ)
4.4.1 Biéu dién kha quy (viét tat-KQ, ki hiéu la: I')
Pay 1a biéu dién ma tit ca cic ma tran A ctia n6 c6 thé dua vé dang chéo hay gia chéo,

tie 14 tong truc tiép cua 2 hay nhiéu ma tran c6 cip nho hon nho mot phép bién doi dong
dang.
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XAX ' = A = Ab

A- ma tran bt ki cta biéu dién T;
A’- ma tran déng dang v6i ma tran A;
A}, AL, AL ... ma tran cip nho hon A.
_ Nhu vay l?iéu dién I 12 kha quy néu c6 thé quy dugc thanh mot tong truc tiép nhiéu biéu
dién co6 so chiéu nho hon
=T+
4.4.2 Biéu dién bat kha quy (ki hiéu I’j)

Day 1a mot bicu dién khong thé quy duoc thanh biéu dién ¢6 s6 chiéu nhé hon nho mot
phép bién doi dong dang.

4.4.3 Dic biéu cia biéu dién
Mot biéu dién KQ ta ¢ thé chéo hoa cic ma tran dé quy thanh mot tong truc tiép cac
biéu dien BKQ.
I'= Zail"i
a; 1a s6 1an biéu dién BKQ c6 mat trong biéu dién KQ.

Pic biéu cua biéu dién ddi véi phép ddi xtung R, ki hiéu 1a ¢ (R), tuc la vét cia ma tran
bicu dieén phép R.

Pé tinh hé s6 a; ta ap dung biéu thirc sau:
1
a; = athX(R)Xi(R)a

trong do:

g- bic cia nhom diém d6i ximg;

hg- bac cua 16p (s6 nguyén t co trong mot 16p);

v(R)- dic biéu cua biéu dién KQ;

i(R)- dic biéu cua biéu dién BKQ dbi véi phép ddi xung R.

4.5 Bai tap ap dung

4.1. Ap dung phuong phap d6i xtmg hay xac dinh cac biéu thirc toan hoc twong mg
cho céc obitan lai hoa d6i v6i phan tir CH, (dang lai hoa sp?).
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Coc AO-lihoo trong
phén ¥ CHy

Tra loi

Pbi v6i phan tt CHy, 1AO-s va 3A0-2p ciia cacbon to hop véi nhau dé tao ra 4A0-
sp>. Nhu vy, mdi AO-sp’ ¢6 % tinh chat AO-s va % tinh chat AO-p hay % tinh chat cia mdi
AO (pxpy:P2)-

Tur di€u dan luén trén day da chi ra rang t6 hop cac h¢ so c; co gia tri tuyét doi la:

D¢ d& hinh dung diu ciia cac ham lai hod ¢y, d2, §3 va ¢4 ta biéu dién phan tir CH, trén
hinh 1ap phuong abed v&i v6i hé toa d6 x, y, z va & mdi dinh cta tir dién hudng cta cac truc s&
laza (1,1, 1);b(-1,-1,1); ¢ (1,-1,-1); d (-1, +1,—1). Céac hé s6 clia cac AO-px, Py, Pz S€ €O
dau “+” hay “— la tuy thudc vao cac diém a, b, c, d.

Tir 13p ludn nay ta dé dang viét duoc cac ham lai hoé:

b= =0(LLD = 2(+Ptptp)
b2 = 4 = OC-1,-1, 1) = 2(s=pa=py+p)
b = ¢ = (L1, =1) = 2(s+ PPy P

b = 60 = L1, =)= Z(s=ps+py—p)

hodc dudi dang ma tran:
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Y 1 1 1 1 s

2 2 2 2

02 L L
= 2 2 2 2

3 1 1 ey
2 2 2 2

b4q 1 T _ 1l
2 2 2 2

4.2. O trang thai co ban, nguoi ta dd biét phan tir metan co cdu tric t& dién déu

(dang ABy) va cacbon thudc dang lai ho4 sp’. Trén co s& cac ham obitan lai ho4 da biét hay:
a) Biéu dién céc obitan dbi xtimg hoa bang hinh v& va bang biéu thirc toan hoc.
b) Xay dung gian d6 nang lugng MO cho phén tir CH,,.
Tra loi

a) O bai s6 4.1 ta da tim duoc cac ham lai hoa cho phan tir CHy 1a:

ba O I R D
2 2 2 2

Op R 11| Px
= |2 2 2 2

O 1 L L e
2 2 2 2
g 1 1

2 2 2 2 ) \Pz

Day 1a ma tran unita, nghich ddo cua ma tran nay la ma tran chuyén vi, vi vy céc obitan
doi xtrng hoa c6 thé viét nhu sau:

% R R T R
2 2 2 2
2y T .1 T _ 11 [sp
= 2 2 2 2
2y L N 17 Ise
2 2 2 2
Y, 1 T 1 1 (sq
2 2 2 2
hay: b
1 +
25:_(531 ol
2 PN
\
S kY
+
Is,+ 1 67
Z
_ A
L y
L7 D¢
X
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1
> =

X—E(sa—sﬁsc—sd)

Ox

IS, + 1s.— 1sp— 1sq

Sy

2y = > (Sa—Sb—Sc T S4)

IS, + 18q— Isp — 15

1
.= 5(5a+ Sb— Sc — Sd)

Gz

1S, + 1sp — Isc— 1sq4
b) Tiép theo, su td hgp AO-2s ctia C véi to hop ddi ximg hod ¥ s& cho mot MO lién két
o, va 1 MO phan lién két o

. /
Os = €125 + CoXs ; Oy = C 2s — c, 2s

Mot cach hoan toan twong tu su t6 hop AO-2py, 2pyva 2p, cua C v6i t6 hop d6i xtmg hoa
2y, Xy va X, ta s€ co:

Ox = C32px + €42y oy = Ch2px— 4 2x

Oy = Cs2py + CeZy G:/ = & 2py— 2y
G, = C72p, T Cg2, ; o, = 2P, — B2,
Két qua nay duoc biéu dién bang gian db ning luong MO nhu sau:
Céc obitan

Cac obitan Céc obitan
nguyén tir C phan tor CH4 nguyén td H
& * *k
~LEYZ
/ Ill O S A
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Giin d0 ning hrgng cac MO ciia CH,

4.3. Dua vao phép ddi xtmg hay viét cac biéu thirc dai s6 tuong g cho cac obitan lai
ho4 dbi véi phirc bat dién [Ti(H,O)s]’ "thudc dang lai hoa d’sp’.
Tra loi

Tir kién thuc céu tao chit dai cwong ta biét rang phirc [Ti(H,0)s]> ¢6 cdu triic bat dién.
Ton Ti’*"c6 6 AO 1a: 3 dxg_yg , 3d2, 4s va 4py, 4py, 4p, tham gia xen phu voi cac AO-phdi tir dé

tao ra lién két o.

Theo hinh v& nay ta thir xem cac AO hod tri d, s va p caa T’ s& td hop nhu thé nao va
cac hé so6 dong gop bang bao nhiéu trong qua trinh hinh thanh phuc chat.

1

OH, .
| ol
5 /
|~
----H,O— 4—/Tl —2— Ol‘lg_y>
1
o ¢
Trudc tién, cac ham lai hoa 2 | hudng theo truc z dugc ki hi€u 1a ¢(5) =

0(+z) va ¢(6) = d¢(—z). RS rang X :OHZ trong truong hop nay AO-3d., 4s va 4p;,
dugc chon ¢ phan dong gop véi d. la g = %; vois la % vavoip la % (dau tuy thudc

vao cac thuy cia AO). Nhu vay ta co thé viét:

o(5) = d(+2) = T T T p-

$(6) = ¢(—2) = - =P

%I
%l
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Tiép theo ta xét cac obitan lai hoa d*sp® hudng doc theo truc 4py; cac ham lai hoa duogce ki
hicu 13 ¢(1) = d(+x) va &(3) = d(—x). O ddy phin déng gop ciia AO-s 1 % va AO-py I % .
Phén dong gop cua cac AO-d c6 phan phire tap hon chut it. D61 voi cac AO-d . da dong gop
cho AO lai ho ¢(5) va ¢(6) Ia % X2 = % . Phin con lai Ia % duoc chia déu cho ca 4 AO-lai

hoa ¢(1), §(2), #(3) va ¢(4) nén mdi ham lai hoa chi nhan dugc 11—2 phan déng gop cuia d 2

AO-dxz_yz hudng doc theo truc x va y nén phan déng gop 1a % (d4u phu thudc vao thuy cua

AO). Nhu vay ta co:

§(1) = () = s = o dp F Sdg ot
06) = 0(x) = 5 = o dp FSdg o - s
02) = () = 5~ d — S da ot opy
04) = () = s = o dz ~ Jda 0 oy

65) = 0(7) = st .t p,

06) = 6(-7) = st d -~ o,

Céc AO-lai hoa nay ciing c6 thé dugc biéu dien dudi dang ma trdn dai so sau:

L T S N
6(x) o iz 2 2
1 1 1 1 d_
R, - —_ - 0 0 z
=) e 12 2 2
1 1 1 1 d
- - __ 0 - 0 2_,2
o) | |6 iz 2 2 o
4 1 1 o -1 o
¥ 16 iz 2 2 x
1 1 1
@ | 1% w0 E e
1 1 1
— 0 0 0 -—
¢(-2z) \/g \/g \/5 o,
4.4. Khao sat phan tir phtrc [Ti(H20)s]’ nguoi ta biét nd c¢6 ciu trac bat dién, ion

3+, 7 . ’ - , \ ’ \ . s 3~ I . 5 N A ~
Ti*"co cac lai hod dang d*sp’. Can cir vao cac ham lai hoa da xac dinh & bai s6 4.3 hiy:
a) Bicu dien cac obitan doi xirng hoa bang hinh v€ va bang bicu thirc toan hoc.

b) Tir két qua thu duge & cau a) thiét 1ap gian d6 MO cho phén tir phirc néi trén.
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Tra loi

Str dung cac ham lai hoa da xac dinh dugc ¢ bai s6 4.3

B T
o(x) 6B iz 2 2
4+ 1T 1 0 0 d,
o= 16 iz 2 2
41 A d
(I)(y) _ \/g \/ﬁ 2 0 \/5 0 X2—y2
L R
o(-y) NG N NA Ox
1 1
6(2) ® HB° 0 F
1 1 1
-2 |5 F O 00 -+,

ta nhan thay day la ma tran vuong va la ma tran unita. Khi nghich ddo ma tran nay s€ cho
ta ma tran chuyén vi tuong tmg. Vay ta co cac obitan ddi ximg hod sau:

N IR T T B T IR A
V6 V6 V6 N NN
%2 I e e I o(-x)
2 2 V12 12 3 B3
1 1 1 1 o
zx2—y2 - 2 > - - 0 0 (y)
1 1
T —_ - 0 0 0 0 o(-y)
X V2 V2
1 1
) 0 0 —-— - 0 0
y Z & %(2)
1 1
ZZ O O O O ﬁ - ﬁ G(—Z)

~0 day o(x), o(-x)... 1a cac AO ciia phdi tir H,O chiém giff tai céc dinh cta bat dién theo
chiéu cua truc toa do da quy dinh.

Ta c6 thé rut ra tir ma tran nghich ddo thanh céac obitan dbi xtng hoa nhu sau:

%, - % [00) + 0(%) + 0(y) + () + 0(2) + o(-2)]

Y = 551000 - 6(x) - ofy) ~o(-y) + 20(2) + 26(-2)]
Sy = 5[000+0(%) - o(y) - o(-y)]

%, = 7[00~ o)
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%, = 7500 -o(]

y

1
= —o(z) - o(-=z
S, = o0 o]

Dé dé dang nhan biét sy hinh thanh lién két phdi tir trong phirc khao sat ta tién hanh t6
hop giita AO cua ion nguyén tir trung tdm Ti’" va AO-ddi xtng hoa thong qua hinh v& nhu
sau:

cis + Ca 2 = os hay y (A
ds - (é 2s = G; hay \V* (Alg)

Az Az
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+
Ox
C7Px + Cs 2x = Ox hay v (T1y)
& by - 43, = o =y (Tw)
ZA AZ
Gy
Oy hay v (T1)
oy =y (Tw)
C11Pz + C122z = (o hay v (T1y)
1Pz - 22 = oy = W (Tw)

Cac AO-dyy, dy, va d, cua ion trung tdm Ti*" khong tham gia t6 hop véi cac AO phdi tir
ctia H,O (ching chi ¢6 thé hinh thanh lién két 7) nén cac AO-d nay goi 1a cac MO khong lién

két duoc ki hi¢u la ny, ny va n,.

Cac ki hiéu y(A ), W(Ey)... 1 chi biéu dién bat kha quy (BDBKQ) thudc nhém Oy,

b) Tir nhitng phén tich, biéu dién bang hinh v& va cac biéu thirc toan hoc trén dy cho qua
trinh t6 hop gitra AO cua ion trung tam tao phirc voi cac obitan doi xung hod, chung ta co6 thé
thiét 1ap gian do nang lugng cac MO cho phtrc [Ti(H,0)s]> nhu sau:

3+
AO (Ti*)
A E
4
P ___-
\ ’
\ /7
\ ,’
\ /
\ s
\‘/I
_S__("\‘
\
\
164 VA
‘\
\
\\‘ |‘ \‘
\ '\ “

* *
o, 0, G
Xy
ST T
. \
g * 0\
Gy \
—_—
’ v
e WA
, AN
T
A
1\
A
I
A
v
A
(0}

MO AO (H20)
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Gian d6 MO ciia phire [Ti(H,0)6]*"
4.5. Duya vao tinh d6i xting cua phéan tir benzen, hay sir dung phuwong phap HMO

y
a) Tinh cdc muc nang lugng electron 7 trong phéan tur. ]

b) Xéc dinh cdc ham song MO(r) tuong tng. 6/ \ 2

Tra loi X
. N . 5 3
Phan t benzen ¢6 cau trac nhu mot luc lang déu nén cé tinh doi xing cao.
4

Goi Sy va Sy la tinh débi xung;
A va A, 14 tinh phan d6i xtmg theo cac truc tuong tng
Theo hinh v& bén ta nhan thay:
béi voi Sc:icr=cy Cr=2C3 Cs5 = Cq
Ay:ci=—Cy Cr = —C3 Cs = —Cg
(1)

Sy:c Cr=C¢ C3 = Cs Ca

Ay:ci=-c1=0 Cr = —Cg Cc3 = —Cs C4=—Cy

Theo phuong phap HMO ddi véi phan tir benzen c6 6 electron 7 giai toa déu trén toan
khung, ta viét:

Y =Cid1+ caf2+ C303+ cadst Cs5ds+ co ds

Ap dung phuong phap bién phan dan dén hé phwong trinh:

XC1t Couverneninnns Ce = 0

C1+XCot Cauvennnnnnnnn. =0

e. 02t XC3t Chunnnnnnnns =0
2)

....... c3 +xcqt+ Cs....n.. =0

.......... C4 + XCs5 4+ Cé...... =0

Clieeenenenens Ccs5t+ XCq...... =0

Pé tim nghiém cua phuong trinh ta c6 dinh thic béc 6.
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x 1000 1
1 x 1000
01 x 100 _, 3
001x 10
0001 x 1
1000 1 x

Viéc giai dinh thirc bic cao, vé nguyén tic, ¢ thé giai duge nhung gip nhiéu khé khan
va mat nhiéu thoi gian. Khac phuc di€u nay nguoi ta thuong su dung tinh doi xing cua phan
tir d¢ giam bac dinh thirc.

D061 voi phan tir benzen ta xét cac to hgp doi xting sau:

*To hop S« Sy ta co: Cl1 =C4,C=C3=C5 = Cg (4)

Tur (4) khi thay vao (2) s& co:
xc+ 2¢ =0

(5)
ctx+1)c, =0
\ , X 2

Tu (5) ta co: =x“+x-2=0 (6)
1 x+1

Giai (6) ta thu duogc: x=-2vax=1

Voi xj=-2 > E; = a+2p

(7)

Pé tim ham v ta thay x = —2 vao (5) s& dan dén:
-2¢1+t2c, =0 —> c¢1=¢ (8)

Nhu vay két hop (4) va (8) ta co:

Cl=Cr=C3=C4=C5=Cg )]
Cubi cung ham v 1a:
1
W= $(¢1+¢2+¢3+¢4+¢5+¢6) (10)
Véi xs=1 > Es=a — B (11)

Thé x = 1 vao phuong trinh (5) s& co:

Cl+202=0 —> cz=—éc1 (12)
Két hop (4) va (12) ta sé& co:

—éC1=Cz=C3=—éC4=05=C6 (13)

Str dung diéu kién chuan hoa:

CHca+C5+cq+cE+c2 =1 (14)
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Cudi cung ta co: ¢, = L

O \/E
Vay ham song la:

W =C2(201 — d2 — 031 24 — ¢s — ¢)
1
ha = (20; — o — O3+ 204 — b5 —
y Vs \/ﬁ( b1 — 02— G3+ 204 — b5 — do)
(15)

* To hop Sy A,
Tu (1) ta rat ra: Cr=—C¢ =—C5 = C3 (16)

Thé gié tri ¢ & (16) va (2) s& cho ta biéu thirc:

XCr+c3 =0 (17)
hay x+1=0-> x=-1
Vi x3=—-1taco: E;=a+p
T (1) ta co: C1 = C4; C> =C3;C5 = Cg

Cy = Cgq va C3 = Cs

Trong truong hop nay (Sx Ay) c3 =c4=0. Vay ta viét:
c12+o22+c%+c§+c§+c% =1
hay 26 +2& =1

4 =1

1
Cr = — 19
2= (19)
" 1

Do vay y3 = > (P2 d3 — Gs— o) (20)
Bing cach hoan toan tuong ty ta lan luot xét cac td hop

A Ay A =35 C1 = —C4; C6=—Cs

Ay c1=-4=0; Cy = —Cg; C3 = —Cs

Két hop lai ta cé: ¢, =—c3 =cs=—C¢ (21)

Thay céc gia tri ¢ (21) vao (2) ta s€ co:
xcy =—c3 =0 hay
x—1=0—> x =1

Voéi x4=1 tacoEs=a -

Str dung diéu kién chuan ho4 ta dé dang tim duoc:

va= %(4)2 — s + s — d) (22)
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A Syt Ac: =35 C1 = —C4; C6=—Cs
Sy: Cy = C¢;C3 = Cs
Két hop lai ta cé: ¢, =—c4; ¢ =-—C3=-Cs5=Cs (23)
Thay céc gia tri ¢ (23) vao (2) ta s€ co:
xc+ 2¢ =0
ct(x—1)c =0 (24
)1( xé1‘:X2 -x-2=0
Giai (25) taduge:x =2 vax =-1
Bang cach tuong tu ta ciing tim duoc:
Eo=o—2p Vo= (01—t b3+ s — ) (26)
Er=a+tp Vo= Qb2 b5 b ()
4.6. Duya vao li thuyét nhom hiy xac dinh cic gia tri nang luong va ham séng dbi

v6i phan tir butadien ¢ trang thai co ban.

Tra loi

Phan tir butadien thudc nhém diém ddi ximg C,;, nhung dé don gian phép tinh va dya vao
tinh doi x{rng cao cua phéan ti, ta c6 thé dung nhom diém C,.

Khung phan tir butadien dugc biéu dién nhu sau:

@ (V) @ (V)
Bang dic biéu ciia nbom: 2 3 4
c ¢ c2
Ta, A 1 1
I's,B 1 -1

Ta lan luot tac dung cac phép dbi ximg 1én ham obitan nguyén tir

1 1 0 0 O ¥ ¥

2|02 ([0 1T 0 b2 | _| 92

03 o 0 1 O 03 03

g 0o 0 0 1 by by
x(e) =4
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b1 0O o0 0 1 04 ba
2, b2/ |0 0 1 0 ||o2|_ |d3
b3 0 1 0 0 [|¢3 b
ba 10 0 O ba b4
x(c2) =0
Tong quat, ta c6 thé lap thanh bang sau day:
ey v

1 b1 b4

b2 02 03

03 03 o2

d4 04 01

1(R) 4 0

Dua vao cong thirc da cho, chung ta c6 thé xac dinh dugc thanh phan cta biéu dién kha
quy hay s6 lan bicu dién bat kha quy tham gia vao biéu dién kha quy.

an = %(4.1.1 +0.1.1)=2

ap = %(4.1.1 +0.(~1).1)=2

Nhu vy, biéu dién kha quy gdm céc biéu dién bt kha quy.
AR = 2xat 2xB
Pé xéac dinh cac obitan dbi xtmg v6i mdi mot biéu dién bat kha quy, chung ta ciing sir
dung cong thirc tong quat:

Ta: Ediyale) + S dixalca) =1+ o4 = % (d1+ ¢s) = Dy

£ Aa(E) + S daxa(c2) = o+ s = % 02+ ds) =

I's: EP1yB(e) T & d1ys(C2) = d1+ da(=1)

=¢1—¢4=%<¢1—¢4>=®3

EdayB(e) T & hayn(c2) = G2+ d3(—1)
=23 = (02— ) = s

Nhu vay, ta di tim dugc 4 obitan trung gian d6i xtmg. N6 14 t6 hop tuyén tinh cua cac
obitan nguyén tur nhu sau:
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1

2
®, = %(w $)

(d1+ ¢4)

1
V2
1

V2

Lap va giai dinh thirc cho timg biéu dién bat kha quy.

O3 = (d1— 04)

Dy = (92— ¢3)

Ta biét duoc cac ham song dbi xtng trung gian rat dé dang xac dinh dugc cac nguyén td
cua ma tran tuong ung D (I'y) & D (I's).

Trong truong hop bai toan ctia chiing ta dinh thirc dinh tim s€ c6 dang:
Hiy HizHizs Hig
Hzi HxaHzs  Hag
Hs1 HsxHs;  Hig

Hs1 Hsu Hsz  Hu

¢ day:

H,, = j@l A ddt = %j(qn + du) i (01 + da)dr

%J.dh H ¢dt + %Id)l H udt + %I¢4I:| ¢oidt + %I¢4I:| dsdt =

Ho o =Ha= o [+ 00 (0o da)de

= %j¢1ﬂ¢2dr+ %J.¢1|:|¢3df+ %J.d)ﬂ:i dodt + %I¢4H¢3dT=B

Ciing bang cach tuong tu cac gia tri khac s& 1a:

Hi3=H; =0
His=Hs= 0
Hpy=a+p His;= a
H3;=Hy; =0 H3;=Hi= B
Hys=Hsu= 0 Hy= a-B
Thay céac gia tri tim dugc vao dinh thirc ¢ trén ta co:
a B [0 | 0 x 1 0 0
B oatp |0 | 0 O
o 0 |a | B 0 1
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0 0 B a-p 0 0 I x-1
Voix= =
X l 1 ‘ -0
1 xt1 1 x-1
hay xX+x-1=0
X*—x-1=0
Giai hé phuong trinh nay s& dan téi két qua sau:
—1i\/§ X4 2—1,618
X12 =
2 X, =0,618
1i\/§ X3 21,618
X34 =
2 X, =-0,618

Tiép theo ching ta phai tim cac ham song obitan phan tir va nang lugng cua h¢ do.
D¢ tim di€u nay, trudc tién phai tim cac hé s cua cac to hop tuyén tinh.
Qua vay, cac hé so c6 thé tinh dugc nho cac bo sung dai s6 cua dinh thic phai xét.

6= (<) A
JIA?

A,- bd sung dai $b.
Trong truong hop dbi voi butadien, cac bo sung dai sé 1a:

x+1 0 0
A = 0 x 1 =x-2x-1
0 1 x-1

X —x—-1

1 x+1 0
Ay

Theo két qua thi chi c6 A| va A, 1a ton tai nhitng gié tri can xét.

a)

A

A2 Cr
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b)

V3

W4

Két qua thu duge 4 ham obitan phén tir:

= 0,372¢; + 0,602¢, + 0,602¢3 + 0,372¢4
= 0,602¢; + 0,372¢, — 0,372¢3 — 0,602¢4
0,602¢; —0,372¢2 — 0,372¢3 + 0,602¢4
Wy = 0,372¢; — 0,602¢, + 0,602¢3 — 0,372¢4

Dé tinh niang luong cua hé ta c6 thé st dung biéu thic sau:

Poi véi butadien: o, = o

172

(x1 = —1,618)
Ar=-2 4 c1=0,525
A, = -3,238 10,5 co = 0,851

J>A2 = 145 = 3,807

% 0,525(01 + da) +

= ¢+ cdy =

% 0,851(2 + b3)

= 0,372¢;+ 0,602¢, + 0,602¢3 + 0,3720,

= O3+ ¢ Dy = l

V2

1

0,851(¢1 — ¢4) + —=.0,525(¢2 — ¢3)

V2

= 0,602¢; + 0,372¢2— 0,372¢3 — 0,6026,

= 3+ 1Py =

V1
Y2
V3

N/

A A? Cr
(x2 = -1,618)
Ar=-2 4 c1=0,851
Az =-1,235 1,525 c2 =-0,525
JIA? = 5525 = 2350
1 1
=P+ cdr = — .0,851(¢1 + ¢4) + —2 .(—0,525)(¢2 + ¢3)

N/

= 0,602¢; — 0,372, — 0,372¢3 + 0,602¢4

1
N/

0,525(01 — da) + iz (-0,851)(¢2 — )

N/

= 0,372¢; — 0,602, + 0,602¢3 — 0,3724

ni
E = Zcizrar + 222 CirCisPrs
r=1

Bir =P ; m=4. Vay:
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Ei= (ch + o+ s+ dy)a+2(ciicint ciaciz+ c13014)B
= o +2(0,224 + 0,362 + 0,224)B = o+ 1,620
Ey= (B + By + B3 + By )0t + 2(Ca1C20+ €223 + €2324)B

= o +2(0,224 - 0,138 + 0,224)p = o + 0,620B

Es = (Ey + B + &g + By)ou+2(c31032+ Caocaz + cxscsn)f = o — 0,620B
E4 = (cfn + cﬁz + c§3 + c‘214 Jou + 2(Ca1Can+ Ca2Ca3 + Ca3caq)p = o — 1,620
Két qua la: E, = a+1,620B
E; = a+0,620B
E; = a - 0,620

Es = a—1,6208

Ciing 1i luan twong tu cac két qua thu duoc ddi véi cach tinh phuong phap MO-LCAO

cua Hyckel , chung ta ciing thu dugc nang lugng toan phan cua hé la:
W = 2(E+ Ey) = 4o +4,483

Phén tir butadien da dugc tuong minh theo li thuyét nhom. Cai loi cta viée ap dung li
thuyét nhom 1a nh¢ tinh d61 xting ma ta c6 thé ha bac cta dinh thue.

4.7. Cho phén tir naphtalen ¢ trang thai co ban véi 10 electron m, hdy sir dung
phuong phép 1i thuyét nhom dé khao sat phan tir nay va:

a) Biéu dién cac phép ddi xtmg don gian nhat.

b) Xac dinh nang lugng E; va ham séng tuong ting ;.

Tra loi

V6i phan tir nay néu ta chi dé y dén truc doi ximg bac 2 thi n6 thudc nhom doi ximg D.
Khi dé y dén cac truc doi xung va mat doi xing khéc thi bai toan tré nén phuce tap hon. Trong
truong hop cua ching ta, sy don gian hoa tinh doi xtmg cting khong anh hudng nhicu lam dén
két qua tinh. Trudc tién ta ddnh so thur tu cho phan tir khdo sat va viét bang dac bicu:

X

D, E (é C% S
1
-1
1
-1

8 ! r 1 1

9
7 2 I, 1 1
I3
6 3
10 I

—1 —1
A ) 4 e y A I . R X
Phan fir naphtalen véi cac truc doi xung ¢, dugce biéu dién nhu sau:

alalala

—1 1
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8§ g 1 4 5
9 10
Gho = £
6 3 2 7
3 10 7 y 9 2
b4 1 b4 1
P 1 do P
Elds | = b3 | = | ¢3
d10 R 1) 10 d10
1 0O 0O O 0 1 O 0 O O o (o b5
& 00 00 0 1 0 0 0 0 || dg
0 0 00 0 0 1 0 0 0 [|l&/|=]d

&b | =

o
o
o
o
o
N H
o B

g

&

o) O 0 0

— Phép dbi xtmg quanh truc c

# (@ 0 0 0 0 0 0 6D (e 0
o 0 0 00O 0OO1 0 0 O (o b7
gl |=|[0 0 0O 0O O 1 0 0 0 O b3 |= | ds

do) O 0 0 0 0 0 0 0 0 1 Jlorg) Lo

78912 5 04
6
5 3
6 W 3 7 5 2
5 4 3 ;
1 0 0 0 0 0 0 0 0 O 1 g
&»|/0 01 0 000 0 0O dy 3
Eles I=/0 1 0 0 0 0 0 0 0 O 03 |=| do

g
Sau khi da viét dugc cac phép tac dung cua ddi ximg, ta c6 thé 1ap thanh 1 bang tong
quat:

o
gl
o

do) O 0O 0 0 0 0 0 0 1
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Evy % & &
d1 1 ¢s ds s
¢2 2 de ¢7 3
3 b3 ¢7 de 2
$a ba ds $s 1
¢s s 01 $a ds
de e $2 3 ¢7
¢7 7 3 $2 e
ds s $a 01 s
o o 10 o 10
10 10 o 10 o

1(R) 10 0 2

0
Ap dung cong thuc: aj= éZx(R)xj(R)
Ta c6 thé tinh dugc sb 1an biéu dién bat kha quy tham gia vao biéu dién kha quy nhu sau:
ar, = %(10.1 +0.1+2.1+0.1) = 3

%(10.1 +0.1+2.(<1)+ 0.(-1)) = 2

o
5
I

ar, = %(10.1 +0.(-1)+2.1+0.(1)) = 3

ap = %(10.1+0.(—1)+2.(—1)+o.1) =2

Nhu thé d6i v6i phan tir naphtalen ching ta di tim duoc biéu dién kha quy gém cac biéu
dien bat kha quy nhu sau:

X(R) = 3xr, + 2%, +3xr, + 211,

Pé xac dinh cac ham obitan ddi xtng véi moi mot biéu dién bat kha quy ching ta ap
dung cong thirc sau:

@ = 2x(R)R;o
T = Ediar, B)+ Gdixr, () + & diar, () + Sdixr, (65)
D = ¢1+ s+ hst g
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Sau khi d3 chuén hoa ham song ta c6:
Wi = (1 + Ost ds+ 0a) + 2 (ot d3+ et B7) T 2 (Go+ dr0)
1 2 1 5 8 4 2 2 3 6 7 2 9 10

Bang cach tuwong tu, ta cling tinh dugc y, s ... (xem bang tong hop)

N}m vay, do tinh ddi xuing cao cua phan tu naphtalen, nguoi ta co thé ha tir dinh thirc bac
10 xuodng hai dinh thirc bac 3 va hai dinh thirc bac 2 sau day:

X 1 \/5 X 1 \/E
X 1 X 1
1 x+1 0 |; 1 1 ; 1 x-1 0 |; 1 '
X + X —
V200 x+1 V20 x-1

Nhu vay, viée giai cac dinh thie bac thip nay dé dang hon nhiéu so voi dinh thirc bac 10.
Céc két qua thu dugc cua E;va y; dugce ghi ¢ bang tong hop sau:

Bang tong hop cac gia tri E; va y; cho phén tir naphtalen

Ei Vi

Es =a+2,3028p3 1 = 0,3006(d1+da+ds+ds) + 0,2307 (¢t dat+dstdr) + 0,4616 (dotdro)
E; =0+1,618 B 2 = 0,2629(d1+patdst+ds) + 0,4253 (d2+dstdetdr)

Es =o+1,3028p w3 = 0,3996((1—du—bs+ds) + 0,1735 (do—da—be+d7) + 0,347 (do—ro)
B4 =a+B ya = 0,4082(d2+ds+det+d7) — 0,4082 (do+d10)

Es =0+0,618 B s = 0,4253(p1—atds—ds) + 0,2629 (dot+ds—de—0d7)

Ee =0-0,618 B W6 = 0,4253((1+da—bs—s) — 0,2629 (do+hs—be—07)

E7 =a—p y7 = 0,4082(d2—¢s—de+¢7) — 0,4082 (po—10)

Es =0—1,3028p g = 0,3996(dp1+pat+dst+ds) — 0,1735 (dpo+da+dstdr)

Eo =0—1,618 B o = 0,2629((1—bs+s—ds) — 0,4253 ($o—ba+de—07)

E10=0-2,302883 1o = 0,3006(p1—dpa—hs+ds) — 0,230(do—ds—pe+d7) — 0,4616 (dpo—10)

Tir cac bai tap di néu ¢ trén, ching ta nhan thay rang nho tinh dbi xtg cao ctia phén tir
ma nguoi ta co thé don gian hod bai toan theo phuong phap MO. Ngay nay, trong viéc nghién
ctru phtrc chat, nguoi ta cling sir dung tinh doi xtmg dé xac dinh céc gia tri tuong Gng.

4.8. Cho phan tr metylenxyclopropen tng v6i nhom dbi ximg C.

a) Tim cac ma tran tuong ung khi thuc hién cac phép doi xing ctia cac nhom diém lén
cac AO.

b) Xac dinh s6 1an biéu dién kha quy tham gia vao biéu dién bat kha quy.
Trd loi

Phan tir metylenxyclopropen duoc biéu dién nhu sau:

Ia, A 1 1
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3 4
a) Khi thyc hién cac phép ddi ximg tuong tng ta duoc:
b1 1 0 0 0)(9 1
s 02 _ |10 1 0 Offd2| _ |92
03 0 0 1 0]|¢3 03
g 0 0 0 1)(dg 4
b1 1 0 0 0)(9 1
5 2| _ |0 1 0 Offd2| _ |92
(|)3 0 0 0 1 ¢3 (I)4
4 0 0 1 0)(dg 3
Khi két qua nay c6 thé duoc biéu dién trong bang sau day:
by Sv
b1 1 1
02 d2 b2
03 d3 b4
04 b4 b3
1(R) 4 2

b) Pé thiét lap s6 1an biéu dién kha quy tham gia vao cac biéu dién bat kha quy ta ap dung
cong thuc:

1
aj = EZXJ(R)X(R)
Trong trudng hop d6i v6i phan tir khao ctru ta xac dinh gia tri a 1an lugt nhu sau:

% @41+2.1) =3

aa

1
- (41-21) =1
> @1-2.)

ap

~ Nhu vay, d6i voi phan tir metylenxyclopropen biéu dién kha quy bao gdm céc biéu dién
bat kha quy la:

X(R) =3x(A) +x(B)
4.9. Cho so d6 khung phan tur axepentylen c6 nhém diém doi xung 1a Cs,. Hay:
a) Thuc hién cac phép d6i xtng cia nhom diém 1én cac AO dé xac dinh dic sb biéu dién.
b) Phan tich cac biéu dién kha quy thanh cac biéu dién bat kha quy.

D, E
Tra loi
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a) D6i v6i phan tir khao sat ta nhan thiy chung thuéc nhom ddi ximg Dsy, nhung dé don
gian ta chi xét phan tur axetylen tmg véi nhém diém doi xtng Cs,.

Aq 1 1 1

Az 1 1 -1
Tibang dachicu ta nil — — & va 3 phép ..
Cac mat ddi xtng dugc xéc dinh béng cac duong 1J, CJ va FJ irng voi G/; o’ vac"

Sau khi thuc hién cac phép dbi xtmg ta dé dang nhan duoc cac két qua dugc ghi trong
bang dudi day:

S I A A
A N ) b oH e 8
] e e H e o oA
dc dc oF ] OF dc i
oo oo e A e o8 oH
e e o o8 oo A e
oF oF o dc bc i oF
b e A oo 8 oH e
o o 8 e oA e )
o o dc oF i oF dc
oy oy by X oy by oy
% (R) 10 1 1 2 2 2

b) Phép phan tich cac biéu thire kha quy, tic 1a tim s6 1an biéu dién kha quy tham gia vao
cac biéu dién bat kha quy cling dugc tién hanh nhu thong 1¢ binh thuong.

an, =%(1o+1+1+2+2+2)=3

an, = %(10+1+1—2—2—2)=1

a, = %[2.1o+(_1.1)+(—1.1)+0.2 +0.2+02] = 3

Két qua nay dan dén biéu dién kha quy gdm céc biéu dién bat kha quy cho phan tir khao
sat thuoc nhoém diém Cs, la:

X(R) = 3x(A1) + x(A2) + 3x(e)
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4.10. Phan tir bixyclohexatrien duogc ki hi¢u theo so dd sau:
B
A C
o e
F E S—'D
a) Hay tim cac mtrc ndng lugng 7 twong tng ¢ trang thai co ban.

179

b) Xéc dinh cac ham song y ing voi cic mirc nang luong biét rang phan tir nay c6 6
electron ©t va thudéc nhom diém C,.

Tra loi

Theo dau bai, trudc tién ta tim a; 1a so 1an biéu dién kha quy tham gia vao biéu dién bat

kha quy ddi véi nhom Cs,.

Dac diém ctia nhom C,, dugc minh hoa theo bang sau:

C2v

€

C2

A

B2

Az

B+

Dé d& hinh dung ta phac hoa cac phép ddi ximg thudc nhom diém nay:

Gy

GC/C

/C

B
A— | L
wh/ 3 y 5 i
hin vpo hiph v§ ta dé dang nhan thdy'vai cac phép,doi xung c,
m?( Gy va c{,/dﬁ(jc ghi & bfng sau: !
| D ” 1
F E Flle c2 Foy o D
\
—
——
— on | latd5 T 90 | o
b8 o8 | ¢ | 0B de
dc dc | ¢F | da | do
¢ do | da | ¢F | dc
de o | ¢ | e dB
oF br | dc | do | ¢a
R [ 6] 0| 2] 0

Cc
ac phan chiu qua céc

Tur bang nay va bang dac biéu ta cling c6 thé xac dinh dugc cac dac s6 a; nhu sau:
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1

an, = 161+10+12+1.0)=2
an, = %(6.1—1.0—1.2+1.0)=1
s, = %(6.1—1.0+1.2—1.0) -2
s, - %(6.1—1.0—1.2+1.0)=1

Nhu vay, d6i v6i phan tir bixyclohexatrien ta nhan thy biéu dién kha quy s& bao gém céc
biéu dien bat kha quy sau day:

X(R) =2%(A1) + x(B2) + x(A2) + 2%(B1)
Két qua nay s& gitip chung ta thiét 1ap dinh thiic ctia phan tir. Qua vay: d6i véi T'(A)):
A \ A N
g0A(Dx(AD) + & oa(D)x(A1) + Oy da(D)x (A1) + Oy da()x (A1)
da(l) + op(1) =+ oc (1) + ¢or(D)

Ham d6i xing trung gian sé 1a:

1 = 2 (4a* b+ o+ )

E0n(1X(AD) + &oa(D1(AD + Sy da(Dx(A) + 84 da(Dy(A)

os(l) oe(1) + s (1) + oe(l)
1
O, = —(dp+
2 \/5 (¢B d)E)
Ciing bang cach twong tu ta 1an luot tim dugc cac ham trung gian ddi xung sau:
I (By): ®; = %(¢A —¢c — dp + ¢F)
T (A): D = %(¢A—¢C+¢D_¢F)
1
I'(B)): o5 = §(¢A+¢C_¢D_¢F)

@ = %(¢B—¢E>

Tir cac ham ddi ximg trung gian @,.... D ta tién hanh lap cac nguyén t6 ciia ma trén. Vi
du:

1
Hi= [OHDe= 5 [(@a+ et oo+ oH@a+ dc o+ dr)de
Sau khi khai trién va ki hiéu ta duoc:

H, = % (Haa+ 2Hac+ 2Hap+ 2Har+ Hee+ 2Hen+ 2Her+ Hop + 2Hpg+ Hie)
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=%(4a+4ﬁ)=a+ﬁ

1
le = I(D]Hq)zd'[ = m(HAA + HAE+ HCB + HCE+ HDB + HDE+ HFB + HFE)
1
=—4B = 2
5 p p
H22 = JCDqu)zd’C = %(HBB + 2HBE + HEE) =a+ B

Ta lan luot tim duoc His Hig... Hee dé thay vao ma tran

Hiy Hiz Hizs His His  Hie
Hi Hx» Hy Hxy Hys  Hy

Hei Hs» Hss Hes Hes  Hes

o+p 2B
V2B o
o+fB
o-f
=0
-
V2
2 B a-P
batx = %, dinh thuc trén c6 dang:
x+1 V2
V2 x+1
x+ 1
x—1
x-1 2
2 x—1

’ Két qua nay chi rd dinh thirc cap 6 dugc ha xudng thanh 2 dinh thire cap 2 va 2 dinh thuc
cap 1. Thay vi gidi dinh thirc cap 6 ta chi can giai 4 dinh thic cap thap hon. Qua vay:
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D(ra)= 1 Y =xtaxt1=0
V2 x+1
voi x=—1% 2
Mudn xé4c dinh cic ham song y ctia hé ta phai tim cac hé s ¢, nhd cac bd sung dai so:
ci= (1) A
VA?
& day A= x+1; Ay =—2

Ap dung céch tinh thong thudng (xem bai 4.6) ta dé dang lap thanh bang sau:

Aj cho truong hop

Tox=-2414 A? Ci
1 -1,414 2 0,707
2 1414 2 0,707
V4 =2
Aj cho truong hop
P x=+0,414 A? Ci
1 1,414 2 0,707
2 1414 2 —-0,707
V4 =2
Nhuthé vy, = 0,707(D,+ D)= 0,707 E(d)A +¢c +dp +¢F)+%(¢B + g )}
= 0,354(¢a* ¢ct+ dp+ ¢r) + 0,500(p5 + r)
1 1
Vs = 0,707(®; — D) = 0,707 {E(du\ +¢c +0p +¢F)+E(¢B +¢e)}
= 0,354(¢a+ ¢ct ¢pt ¢r) — 0,500(¢5 + ¢k)
I'(By): da(1) + op(=1) + dc(=1) + ¢r(1)

®; = %(¢A—¢c—¢p+¢p>

D(rg,) = Ix+1] =0
x=-1

v2= 0,500(¢a — dc — ¢p + OF)
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T(Ay) : D= %(¢A—¢c+ o — Or)
D(Ta,)=Ix-1[=0
x=1
ys = 0,500 (¢a-dc-Op+or)

T(B)): ;= %(¢A+¢c—¢n—¢b~)
Ye = %(‘bB_d)E)

x—-1 \/E
\/5 x—1

D(Ig,) = =x—2x—-1=0

Gidi ra ta co: x=1%2
Thiét lap cac phan phu dai sé va giai twong ty nhu ddi véi truong hop D (Tp, ) ta cing
thu duogc cac ham:
Y3 = 0,354(¢a+ ¢c— ¢p — ¢r) + 0,500(¢5 — )
Yo = 0,354(¢a+ ¢c— ¢p— ¢r) — 0,500(¢5— )
Ta c6 thé tom tat cac két qua tinh trong bang sau:

Ci

Vi

1 0,354 0,500 0,354 0,354 0,500 0,354 | -2,414

2 0,500 0,0 | -0,500 | -0,500 0,0 0,500 | —1,000

3 0,354 0,500 0,354 | -0,354 | -0,500 | -0,354 | -0,414

4 0,354 | -0,500 0,354 0,354 | -0,500 0,354 | +0,414

5 0,500 0,0 | -0,500 0,500 0,0 | -0,500 | +1,000

6 0,354 | 0,500 0,354 | 0,354 0,500 | —-0,354 | +2,414

4.6 Bai tap chua co loi giai
4.11. Xay dung bang nhan nhém cho cac nhom diém sau day:
a) Nhom C, (c6 phép dbi ximg e, c5)
b) Nhom C; (c6 phép ddi ximg €, cs, &)

bS
€ C2
€ € C2
C2 C2 €
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=\
g cs A
: e | o | &
C3 C3 € €
4.12. Cho biét nhiing io % % ¢ ¢ hao?

a) Ion CIO3, SO3~ ¢6 cau triic thap tam giac.
b) Ion SO3~, PO}~ ¢6 céu tric tir dién déu.

¢) Ion SiFZ™ ¢6 cAu trac bt dién déu.
DS. a)Csy; b) Ty ©) Oh.

4.13. Biéu dién bang hinh v& va chi rd cac phép va yéu té d6i ximg cho cac phan tir
sau day. Tu két qua thu dugc cling cho biét cdc nhom diém tuong ng.

H,0, NHs, HB3, C,H,, C;Hy, CsHg va CsHi, (ca 2 cAu dang thuyén va ghé)
PS.  Doc gia ty v& phan tir va tim cac yéu td ddi xtmg.
4.14. Cho phan tir NH; héy thuc hién cac phép bién d6i dong dang d6i v6i phan tir
4, dbi véi phan tir &, cling nhu ddi voi phan tir of .
Huéng din: v& hinh va thuc hién cac phép bién doi.
4.15. Xét phan tir phang trans-dicloetilen
a) Hiy xac dinh cac yéu t6 dbi xtmg.

b) Hiy xac dinh cac phép di xtng kha di.
bS. a)c, o I.

b) {g, c2, o, |.}
4.16. Hay phén tich cac biéu dién sau day thanh tong truc tiép cac biéu dién bat kha
quy (bdbkq).
Iy 4 0 -2 0
: Di v&i nhom Cyy
I 3 -1 1 [ (xem bang dac biéu & phu
PS. 1}!?) —ray i as) o asy
I, = Ai+Bi+B;

4.17. Trong 1i thuyét nhom, nhom Oy, 14 tich truc tiép ctia nhom O va nhém C;, biét
nhom O c6 céc phan tir sau:

& 8c3 6cy 6¢43Cy (= )

Tir goi ¥ nay hiy cho biét cac phan tir ctia nhém Oy,
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ps. & 83 6¢2 3¢2 (= G2) | 6S4 8Sg 301 604
4.18. Dua vao li thuyét nhém cho céc obitan lai hoa
a) Xac dinh cac obitan lai hoa tam giac sp”.
b) Biéu dién cac AO lai hoa du6i dang ma tran.
bS.
a) V& hinh va tim phan dong gop ctia cac AO-s, p vao viéc hinh thanh AO lai hoa.

1 2
"IlE e 0|
1 1 1
OelE F E|™
1 1 1
w\B T T2)\™

4.19. a) Hay xac dinh cac obitan dbi ximg hoa cho phan tir BF; (xem hinh). Gia st mdi
nguyén tr tham gia mot obitan ki hi¢u 12 c.

b) Viét cac biéu thirc toan hoc cho cac MO lién két va phan lién két ddi véi phan tir
khao sat.

AX
1 1

1
bS. a 2= —=01+ =0+ —=0
) N 1 \/52 \/53 I

Zx:\/écl_iGZ_iGS
3 J6 J6

/ \ ’
1 1
2

2y = 562— 503 3
b) Os = C128+ Coo c; = 25— Y
Ox = C3Px T Calx Oy = ChPx— G4 2x
Oy = Cspy+ Cody 0;/ = dopy_ (ézy

4.20. Bang phuong phap HMO hdy xac dinh cac muc nang luong dbi voi phan tir
stirol, biét rang phan tr nay thudc nhém doi xung D;.

Huéng din

Panh s thir tu cic nguyén tir cacbon trong phan tir stirol, dung li thuyét nhém dé xac
dinh cac ham doi xtrng hoa va ha bac dinh thire cap 6 xudng 2 dinh thirc cap 3. Cac muirc nang
luong xéc dinh dugc 1a:

E = a+2,120 E; = o+ 1,483
E; = o+ 0,30B Es; = o—0,30B
E5 = o - 1,48B E6 = (1—2,1
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Chuong 5

KHAI QUAT VE PHO PHAN TU

5.1 Li thuyét tom lwoc
5.1.1 Khai niém chung

a) Trwong dién tir

Theo thuyét dién tir thi mdi bién thién cua dién truong 1am xuat hién mot tir truong. Hai
truong nay luodn thang goc voi nhau va lam thanh truong dién tur.

b) Nhirng dai lwgng dac trung

Quang dudong ma song dlen tur chuyen doi duogc trong mot chu ki T goi 1a budce song A.
Chuing dugc lién hé véi tan sb v va s6 song v bang biéu thic sau:

ZA

iy
WW

X
_ 1
A =cT = = _
\Y v
c- tc d6 4anh sang trong chan khong.
¢) Dai phd
Ngudi ta phan ving phd thanh cac dai phd sau:
Nhiéu xa tia X | Phd electron Phé dao dong quay | Phé quay
Tia X UV.chan khéng uv | VIS IR gan IR IRxa | visong
1A 100A 200nm 400nm 800nm  5mp 25mp 1mm  1cm

5.1.2 Cac dang pho phan tir

a) Khi burc xa dién tir tuong tac voi cac phan tir vat chat s€ gay nén sy chuyén electron tir
muc nang lugng nay sang mirc nang lugng khac.
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AE = E.—E, = hv = %=hco
E
0 v J n
5
3
2
5
3
1
5
3
0 2
5
3
2
1
5
3
0 1

E.- mirc nang luong cao; )
¢ g luong ’ Coc mtrc nang lwong electron, quay,
E(- mirc nang lugng thap. dao dong ctia phon tir 2 nguydn tir

b) Néu electron chuyén tir E, 1én E. ta c6 phd hap thu, con nguoc lai ta lai dugc phd phat
Xa.

E = E,+ Eq+ Eaa
E.,- ning luong electron;
Eq- ndng luong quay;
Eg4- ndng lugng dao dong.
5.1.3 Pho quay ciia phén tir 2 nguyén tir
a) Tir bai toan quay tir cirng nhic ching ta c6 thé xac dinh nang luong quay Eq 1a:

Eq=E;= h—2J(J+ 1)
8l
V&1 mdmen quan tinh:
IZHf

m{my

va khoi lugng rat gon:  p =
my +moy

h- hang s6 Planck;

1o~ khoang céach gifra 2 nguyén tr ;
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m;, my- khdi lugng cua 2 nguyén tir;
J- 56 lugng tir quay.
b) S6 séng v trong phd quay duoc xac dinh bang hé thic:
Vi =2BJ +1)
h

-7 hing sb quay.
T

voli B =
5.1.4 Pho dao ddng ciia phan tir 2 nguyén tir

a) Két qua giai bai toan dao dong tir diéu hoa di din dén ning luong dao dong nhu sau:
Edd = EV = hV(V+—)

1 |k

trong do: =— |-
27\ n

k: hang s6 luc
u: khéi luong rat gon
v: 0,1,2,..8b luong tir dao dong

Khi v =0 dan dén ning luong diém khong E,
E, = 1 hv,
2
b) Trong phd quay sb song v dugc xac dinh bang hé thirc:
. ( 1) _
V= |v+-|O®
2

— V o1y A A A
® = — latan s6 dao dong
c

5.1.5 Pho quay - dao dong ciia phn tir hai nguyén tir

a) Nang luong cua dang phd nay la:
E = Eq+Ew = E;+Ey

Mot cach gan dung ta viét:
E =BheJ(J+ 1)+ hv(v+%j
b) S6 séng duoc xac dinh boi hé thirc:

G =BIJ+ 1)+ (v+%) ®

e Pho quay, pho dao dong déu phai tuan theo quy tic chon lua:
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Al = 1 va Av = +1
e Cac dao dong riéng cua phan tr lai chia thanh hai dang chinh:
+ Dao dong hoa tri v;
+ Dao dong bién dang 8.

Céc dang dao dong nay tmg voi trudng hop ddi ximg vs, 8s va bat dbi xing Vs, Sas,

5.1.6 Pho electron ciia phan tir 2 nguyén tir

EJ
*
* c
*
-3@.3l *JL% qle:_:.lkn
Lt
o]

Pho electron thudng xuét hién khi electron dich chuyén giira 2 trang thai (muc ning
luong) electron. Dang phd nay chiém vung pho tir ngoai (UV) va trong thay (VIS). Su chuyén
electron giita cac trang thai duoc biéu dién trén gian do.

5.1.7 Phé cong hwéng tir hat nhan

Khi proton (hat nhan) c6 s lugng tir I ban nguyén (chiang han JH ¢6 1= 1/2) duoc dat
vao mot tir truong khong ddi H thi ¢ su tuong tac giita momen tir hat nhan py va cudng do tir
truong dan dén nang luong:

E = _HNH = —gNBNmIH
trong d6: g - ti 1& tir hdi chuyén spin hat nhan hay 1a yéu t6 g hat nhan;

Bx- hing s6 manhéton hat nhan.
S6 lugng tir tir spin hat nhan ctia proton c6 2 gia tri J_r%

a) Hi¢u nang luong gitra 2 muc la:

AE = gNBNH =hv

b) Tén sb la: v = gNiNH

c) bo chuyén dich hoa hoc:

8y = ~=YTMS qf

(0]

(ppm)

trong do: 8y - d6 chuyén dich cua proton x;
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Vy - tan s cua proton x;
Vims - t4n s ciia chat chuan TMS (tetramety! silan);

Vo - tan s6 ciia may do.
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Bai tap ap dung

5.1. Hay x4c dinh hiéu nang lugng AE Umg v&1 mdt bl xa co ) song v =1,00 cm . Su
hap thu buc xa nay sé tuong tng véi dang chuyén dong (budc chuyén) nao trong day phd
khao sat.

Trd loi
Theo vat 1y quang phd, s6 song 1a sy nghich déo ciia bude song. Vay:
1

V=

A

Mt khac, AE=hv = h—; ~ hed

Tir biéu thirc nay ta dé dang tinh AE theo J:
AE =6,62.10%*J.sx3.10  m.s ' x 1,00 cm™' x 100 cm.m ™' =1,99.10 % J

Chung ta lai biét tir cac s6 lidu thuc nghi¢m, nguoi ta da 1ap thanh bang dé chi r6 moi
quan h¢ gitta ndng luong va cac dang bude chuyén tuong tmg thudc cac vung pho:

Vung Vi séng IR xa IR UV-vis
v (Hz) 10° = 10" 10" + 10" 10" = 10™ 10" = 10"
A (m) 3.107+310° | 3.10°+3.10° | 3.10°:6,9.107 | 6,9.107+2.107°
v 0,033+ 3,3 3,3+330 330 1150050000
_ 21 | _
AE 6.6.1072°:6,6.10°% 2, 2?321 6,6.10 72,9.1(1)9 2910702107
Buoc chuyén C}uay 510| voi E)harj Qu?y d’0| voi Dap dgng cua Buwdc chuyén
t&r nhiéu nguyén t phéan t& nhé cac lién ket electron

Vi két qua thu duge 1,99.10 % J s& Gng v6i budce chuyén quay cua phan tir.

5.2. Véi gia thiét phan tir hai nguyén tr dugc xem la mAu quay tir cing nhéc, hiy
dung phuong phap lugng tur dé xac dinh ndng lugng quay trong trudong hop nay.

Tra loi

Ta coi chuyén dong quay cua 2 nguyén tur ing voi khéi lugng m; va m, trong phan tr
khoang céach r ¢ thé quy vé bai toan chuyén dong quay cia mot hat duy nhat 1iy 1am trong
tam tng v6i khdi luong rat gon p (xem hinh vé):

N3

o+ I

S
<Y
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Dbi voi mé hinh quay tir cing nhic véi khoang cach r ludn ludn cb dinh, r = const va thé
nang U = 0.

Pé don gian qua trinh giai ta gia thiét truc quay ¢ dinh trong mit phang xOy, nghia 12 0
=90°. Piéu nay c6 nghia 1a ham song y(0, @) s& chuyén vé ham chi phu thudc vao y(¢) ma
thoi. Trong trudng hop nay phuong trinh Schrirdinger c6 dang:

V2 + %(E—U)w =0 (1)

m{my
m»] + m2

U = 0; po=

Bai toan phai giai trong toa d6 cau, nén toan tir Laplace c6 dang:

1 0(20 1 o, o), 1 1 &
V2=——(r2—)+——(sm6—j+— —
r2 o\ or r’sin® ®) 2 sin?0 ag?

Theo gia thiét noi trén vai r = const; O = 90° nén toan tr V c6 dang:

vi= 1 ﬁz @)
re op
Vay phuong trinh (1) s€ c6 dang la:
d?y | 2ur?
— + Ey =0 3
o .z BV 3)
O day pr* =1 goi 1a moémen quan tinh.
d?y | 21
— + = Ey =0 4)
d(p2 2 v
Pt 2 E=m )
h
voi m = J(J+1)

Phuong trinh (4) 14 dang ctia phuong trinh vi phan quen thu¢c nhung ham (o) chi phu
thudc vao goc ¢. Vay ta c6 thé viét (4) dudi dang:
o . o
— +mp =0 (6)
d(p2 ¢
Phuong trinh ndy c6 nghiém ¢(p) = C.e™

Tir ddy ta can cir vao diéu kién chuan hoa dé xac dinh ham ¢ va thira s6 C, song theo dau
bai la xac dinh ndng lugng quay thuan tuy.

Thuec vay, tir biéu thire (5) ta d& dang suy ra gia tri niang luong quay E:

21 K2
Z-E=1JJ+1) hayE = Z—JJ+1)
h 21

Cudi cung ta co thé viét:
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2

T ™

O day, J goi 1a sb luong tir quay nhan 0, 1, 2,... Theo (7) img v6i mét gia tri cta J ta 6 mot
gia tri E tuong tmg. Nhu vdy, c6 thé néi rang ning luong da bi luong tir hoa.

5.3. Bing thyc nghiém ngudi ta da xac dinh dugce vach phd & ving hong ngoai xa
v6i s6 song 1a 16,94 cm ™' cho phan tir HBr. Cén cir vao sé liéu nay hiy:

a) Xéac dinh momen quan tinh cua phan ttr.
b) Tim khoang cach gitra hai hat nhan.
Cho H=1,008; Br=79,92.

Trd loi

a) Phan tir HBr c¢6 thé xem 14 phén tir 2 nguyén tir trong ung voi mau quay tir cimg. Theo
co hoc lugng tir, nang lugng quay E, duoc xac dinh bang hé thirc:
h2
Eq = J(J +1)
82

Theo quy tic chon lwra AJ = 0 hay + 1 d6i voi cac muc quay s& dan dén hiéu giira 2 muc
nang luong la:

AE = h.B[J(J +1)-J(J'+1)] =2hBJ
trong do: B — la hang sb quay.
8 2
Mait khac AE = hv do do ta co:

v = 2BJ hay vC = 2BJ
Thay cac gia tri bang s6 vao khi J =1 va J =0 ta co:
2x6,62.104

I = > kg.m’
8x(3,14)" x1694 x 3.10°

I = 3,30.10" kg.m’
b) Bé tim khoang céch r ta st dung biéu thirc:
I = prz

Trude tién ta tinh khoi lugng rat gon p bang:

m — _mmy
m1+m2 '
Vay:
mym
I HMBr 1‘2
mH +mBr
hay:
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= |Mmy +mp.)
My .Mpg,

Thay so6 vao ta co:

.- 3,30.10747.6,02.10%3(1,008 + 79,92)
1,008.79,92.10°3
r =141.10"%m = 14 A

54. Hay xac dinh tan §6 chuyén tiép duoc phép trong phd quay khi electron bi kich
thich tr mtrc nang lugng quay thap lén mirc nang lugng quay cao.

Trd loi
Khi electron bi kich thich tir mirc ning lwong thip 1én cao s& la:

AE = E.—E; = hv (1)
Chung ta biét nang luong quay Eq la:

b X Eq,

h2
Eg =10+ 1o

Ta ki hiéu mirc quay thap J, tmg v6i Eqq; mirc qt(ay cao laJ, voi quECIZ

h? h?
AEq: qu—Eq1 :Jz(Jz—’_l)F —Jl(J1+1)Z
Theo quy tac chon loc, AT = 1 hay J, =J;+ 1 thi phé m&i xuét hién, vay:

h2 2 h2

AEy =+ DU+ ) —hir D =@ I @

So sanh (1) va (2) ta co6:
2

= 0D — v = @ 3)
| 44|
\ X X h
Tur (3) néu Ji=20 thi Vo = 1.—
44|
=1 thi  ve =21
44|
I =2 thi vo = 3.—
44|
5.5. Trén co sé cia co hoc lugng tr hay xac dinh nang lugng dao dong cho truong

hop phan tir 2 nguyén tir voi gia thiét ring dao dong ctia hai hat nhan dbi véi trong tim phan
tur 1a nhitng dao dong dicéu hoa tuyén tinh.

Tra loi

Theo co hoc luong tir, mudn xac dinh ning luong cua dao dong tir didu hoa ta phai giai
phuong trinh Schrirdinger. Nghia la:
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d2\y 2m
Y+ 2 E-Uy =0 1
2 hz( W (D

O day thé ning thu duogc khi hat ghuyén dong trong truong luc doc theo phuong x ching
han thi n6 bi tdc dung mot luc véi the nang:

2
U=5x2=mm X’ (2)
2 2

trong d6: k = mw” 12 hing s6 luc hay hé sé dan hoi;

m- khdi luong cia hat;

x- li d dao dong;

o = 2mv tan sd goc.
Phuong trinh (1) s€ c6 dang:

(57\2'/+2;1—r:(E—15mm2x2j\|/=0 (3)
Dé giai phuong trinh (3) ta phai dit cac bién s6 phu va tim cach dwa né vé dang phuong
trinh Hermite quen thudce dé xac dinh ham y va nang lugng E.
2mE

bat o= — 4
h
mw

= 1o 5

p== ()
d2

— Ha-px)y =0 (6)

dx

Pua thém bién sb =B x (7)

Lay dao ham & theo x ta co:

N

dx
hay
d _dd& _d 5=
dx dg dx dg \/E 0 ®)
d? d?
4 = 4 9
dx? de? ©

Thay (8) va (9) vio (6) s co:

2
B% +(a—BE)y = 0 hay (10)

dz_"’+(&_ 2] =0 11
d§2 B g v ( )
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Ham v phai lién tuc, don tri, hiru han v6i moi gia tri ctia &. Khi & kha 16n thi ti s6 % co

thé bo qua, lic d6 phuong trinh (11) ¢6 dang:
5 -8y =0 (12)
Phuong trinh vi phéan (12) ¢6 nghiém la:

v o= ei§2/2 (13)

Khi & — oo thi wqténg v6 han, nghiém e< /2 g3 khong thoa man diéu kién ctia ham .
Vay ham v chi c6 the la:
y = e‘@2’ 2 (14)
Do d6 nghiém ding cta phuong trinh (11) sé la:
v = HEet? (15)

2
Mubdn xac dinh ham H (&) ta dit Z = % Vay:
y = H(E)e” (16)

Pé dua phuong trinh (11) vé dang phuong trinh Hermite quen thudc ta 1dy dao ham vy ¢
(16) rdi thay céc gia tri thu duoc y vao biéu thirc (11) sé& co:

H'+2eH + [%—1JH =0 (17)
Pit (3—1) = 2v (18)
B
Ta co: H'+2¢H'+2vH = 0 (19)

Day chinh 14 phuong trinh Hermite can tim.

Néu ta sir dung da thirc Hermite bac n thi s& tim duoc ham séng. O day theo dau bai can
xéac dinh nang lugng dao dong diéu hoa E. Qua vay khi thay cac gia tri o & (4) va B & (5) vao
hé thue (18) s€ dan toi:

E = hv(v +%j (20)
Nhu vay, tng voi mdi giatricuav: 0, 1, 2,... ta s€ c6 mot gia tri nang luong dugce phép 1a
%, %, g ... 1an hv. Nghia 1a gia tri ning luong dao dong tir diéu hoa tuyén tinh 1ap thanh mot
phé gian doan. Ta co thé biéu dién cac mirc ning luong thu duge trén hinh dudi day:
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Tt hinh biéu dién cic mic ning luong diéu A/\
hoa ta nhan thay khi v=0thi E = 1h\/ bay chinh

¢ 2 . - \/ —== V
la nang luong diém khong va cling 1a két qua thu
dugc khac véi cach tinh theo 1i thuyét co dién. 7 /____

Su t6n tai ctia nang lwong diém khong c6
nghia 14 dao dong cta céc hat vi md khong bao gio
dung lai ngay ca ¢ nhiét do khong do tuyét doi.

5.6. Cho mot vi hat voi khdi lugng m =
2,33.10%° kg dao dong diéu hoa quanh vi tri can
bang. Hay tinh gia tri nang luong diém khong cho
vi hat nay. Biét hing sb luc k=155 N.m .

Tra loi

Ning luong cua dao dong tir diéu hoa la:

E =(v+%)hv; VOl vV =—,|—

iv-0 b =Tyt 1,
2 27r m
-1
Eo=1.1,055.10 #1.s |20 N — 430102y
2 2,33.10728 kg

5.7. Hay xac dinh budc song A (nm) cua photon can dé kich thich su ghuyén dich
cua electron gitra 2 muc nang luong lién ké trong mot dao dong tir dieu hoa. Biét rang khoi
luong cua hat proton bang khoi lugng cua proton. Cho m,, = 1,672.10*'kg; k = 855 Nm .

Tra loi

Hiéu gitra 2 mic nang luong la:

1 1 {k
a) — B = 14— _ _ - — 2
AE (h¢) = Ey41—E, (V+ + jhv (V+ jhv AV = h

. k
vi v= |—
m

AE (photon) = hv = h%

Do vay

Tur d6 suy ra
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Thay céc gia tri tuong ung ta co:

1,672.10 % k
A o=23,143.10°ms" o9 = 26310 m= 2630.10°m = 2630 nm
855 Nm"™

5.8. a) Hay tim cong thirc tong quat dé xac dinh do dai lién két cho phén tir hai

nguyén tir. Biét rang trong ph6 quay ctia phan tir nay budc chuyén giira hai vach phd lién tiép
2

h
8l
b) Ap dung két qua di xac 1ap & cau a) hdy xac dinh d6 dai lién két dbi voi phéan tir HCL
Cho: 2B=2070 cm '; H=1; Cl = 35,46

Tra loi

tuan theo quy tic chon lwa AJ = +1; ning luong quay 1a Eq= JJ+1).

a) Ta d3 biét ning luong quay:
2

E, = %J(Fr 1) (1)

Mit khac theo thuyét Planck:
Eq= hv =hcv 2)
So sanh (1) va (2) ta co:

K )
hey = 7 —J0+1) —> v 8n2|CJ(J+1)
hay
v = BIJ+1) 3)
o h
B~ e X

s 1N M A r s 1N —1
Goi l1a hang s6 quay co don vi lacm .

Chung ta ciing biét rang khi tiéu phan chuyén giita hai mirc nang luong lién tiép luon
ludn tuan theo quy tac chon lya:

A = %1
Khi AJ =+1  ung v6i sy hip thu E
Al =-1 ung voi su buc xa E

Gia str bude chuyén giita 2 muc ning lugng quay lién tiép tmg véi J va J + 1 ta sé co Ay,
7+1 dudi dang:

Vorny— vy = [BA+1)J+2)-BJJ +1)]
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hay
AViL =2BJ+ 1) (5)
Tir (5) néu gan cho J mot gid tri ta s& co 1 gid tri cia Av. Vi du:

J ’ 0 1 2 3 4

2B 4B 6B 8B 10
B

AV

+1

Nhu vay giita 2 mic ning lugng déu c6 dai luong 2B. Tir (4) ta ¢ gia tri mémen quan
tinh I.

h

= 8Bc | v
hay

= h
8r°uBc

vay

h

b 8r°uBc ©)

O day p 1a khéi luong rat gon.
b) Ap dung cho phan tir HCI ta d& dang tinh duoc d6 dai lién két cua HCL.
Theo daubai 2B = 2070 cm™'

B = 1035cm ™' = 10,35.10°m ™.

W= my.mg _ 103546 _ 0,973 u

my + Mg 1,0+35,46

= 09731.1,667.10*" kg = 1,62.10°" kg

Thay cac gia tri twong g vao biéu thirc (6) ta s& thu dugc gia tri d6 dai lién két cua
phan to HCL

B 6,62.10 %*kgm?s?s
r= 2 27 2 1 8, 1
8.3,14.1,62.10°"kg.10,35.10°m™".3.10°.m s
r=1,288.10""m = 1,29 A.
- 5.9. Hay tinh khéi luong riit gon va moémen quan tinh d6i véi phan tir D*°Cl. Cho
biet do dai lién ket D—C11a 0,1275 nm.
Tra loi

Chung ta biét khdi lugng rat gon duoc tinh theo biéu thirc sau:

mD.mC|
u = ——————————
[mp+mg]
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hay

2.10"3kg.mol~".35.103kg.mol "

= = 3,141.10 %" k
H (2+35).10°kg.mol ~.6,023.10?3mol " s

Con gia tri mémen quan tinh ciing dugc xac dinh theo biéu thirc sau:
I[=1p r*
Thay gia tri khoi luong rat gon va khoang cach giita nguyén tir D va Cl ta thu duoc:
I = 3,141.10 %" kg.(0,1275.10° m)*= 5,146.10*" kg.m*

_ 5.10. Cho tan scf> dao dong co sd cua phan tu HCI‘ c6 gia tri 12 8,67.10"° s7', hay tinh
tan sO dao dong co s& doi véi phan tor DCI véi gia thiét hang so luc trong ca hai truong hop
duoc xem la nhu nhau.

Tra loi
Trong phd dao dong, hang s6 luc duoc tinh theo cong thirc:

1 k

= o E
Ap dung cong thirc nay cho phan tir HCI va DCI s& ¢o:
D6i v6i phan tir DCI tan s v la:

1 k

vi = — [— 1
=t (D
D6i v6i phan tir HCI tan s v, la:
1 k
Vo = — (2)
2n \ U2

Chia (1) cho (2) s& dan t6i biéu thuc:

vi(DCI) _ py(HCI)
2 3)
v5(HCI) n1(DCI)

Theo dau bai vo(HCI) = 8,67. 10" s nén ta co thé d& dang xac dinh dugc tan sb co s
cua DCI:

2- g2 (4)

Mit khac, ta cling c6 thé xac dinh dugc khdi lugng rat gon p; va p, nhu sau:

2.10"%kg.mol~".35.102kg.mol

= 3,141.107"k
(2+35).10"°kg.mol ~1.6,02.10%3mol " 8

=

1.103kg.mol~".35.102kg.mol "

= =1,627.10% k
H (1+35).10"kg.mol ~1.6,02.10%3*mol " 8

Thay céc gié tri j; va p, vao biéu thirc (4) sé& co:
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21,627.102" kg
3,141.107%" kg

Ve = (8,67.10" s = 38,69.10%° s

hay
vi = 622108 ¢!

5.11. Déi v6i phan tir hai nguyén tir, ham Morse c6 dang:
2
Vi - o1

Hay chimg minh rang;
a) Ham Morse V(r.) =0 va V() = D..

b) Hang s6 o trong ham Morse 1a:

Tra loi

a) TUr biéu thirc ciia ham Morse:
2
— _O“(r_re)
vy = o1

Chung ta lér} luot thay cac gia tri r tuong ung khi r = r. (khoang cach gitra 2 hat nhan &
trang thai can bang) thi ham V(r.) s€ la:

—o(rg—T,

2
V() = De[1_e e e)} = D[l —e= Dl - 1= 0

Khi r=oo thi ham V() s¢ la:

1

2
Vi) = o1 Di“m} - D[1-0]’= D,

b) V&i ham Morse ta c6 thé khai trién duéi dang:

5 2
V() = D, 1_1+oc(r—re) @’ (r —re) +}

1! 2!

Khi céc sb hang bac cao trong biéu thirc trén bi loai bo ta c6 thé viét:
V() = Deo(r — o) (1)
Mit khac, d6i v6i pho dao dong, tan s ¢ thé xac dinh thong qua hang s6 luc k theo cong
thire ¢6 dién la:

k

_1
vV = —

hay
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k = 4n*vip )

va V(r) duoc biéu dién bang biéu thirc:

1, .2

V()= =k
()= Skx
Véi x 12 d6 dich chuyén khoi trang thai cAn bang va x = (r — r.). Nhu vy:
V() = %47:2\/2 w(r — ro)’

hay = 21V u(r — 1)’ (3)

So sanh phuong trinh (1) va (3), ta co:
Deocz(r - re)2 = 2n2v2p(r - re)2

Deoc2 = 2n2v2u
1/2
2
o= V{Z” “} 4)

D6 1a diéu ching ta can ching minh.

5.12. Ap dung mé hinh electron  chuyén dong tu do trong giéng ,thé mdt chiéu (doc
theo mach cacbon lién hop) cho phan tir lién hop hexatrien hiy xac dinh s6 song v theo cm™'
khi ¢ su chuyén,d(‘yi 1 electron 7 tir mirc nang lugng bi chiém cao nhat 1én mirc nang luong
trong chua bi chiém thap nhat; biét rang d6 dai lién két trung binh C—C trong mach 1a 1,4 A.

Cho h=6,62.10"J.s; ¢ =3.10° m.s™.

Tra loi

Mo hinh electron 7 chuyén dong tir do trong giéng thé mot chiéu co thé hinh dung nhu
sau:

’—CHZZCH:CHZCH:CHICHF‘
I:

Theo li thuyét, chiéu dai cua giéng tﬁé la: |
L = N+ 1)lcc
Dbi voi phén tir haxatrien:
L=(@®+1).14=1714A=98A
Pé xac dinh s séng v trong phd hip thy cia phan tir ndy ta 4p dung cong thirc:

AE =M —pey —5 5= 2
A hc

Trudc tién ta phai xac dinh mirc ning luong trong hé khao sat. Ching ta lai biét nang
luong do61 véi gieng thé mét chiéu duge xac dinh theo hé thuc:
h2
8mL?

E = n?
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Do hé c6 6 electron 7 nén no s& chiém 3 mirc nang luong vai 2 electron trén timg mic.
Vay nang luong véi ny =3 van,=4s¢ la:
2 2 2
h 2 h% _ . h

AE = 4 =
8m L2 8m L2 8mL?

Thay céc gia tri tuong ting vao h¢ thic nay ta co:

(6,62.10734)?

AE =7
8.9,1.10731.(9,8.10710)?

= 4387.10"°7J

Tir gia tri AE tim duoc ta dé dang xéac dinh sb song ¥ khi electron 7 chuyén tir mtc nang
luong bi chiém cao nhat (Es) 1én mirc nang lugng trong chua bi chiém thap nhat (E4) la:

g = AE A
hc

Thay céac gia tri tuong ing vao
biéu thire trén ta thu duoc v:
. 4,387.107"9
6,62.10734.3.108
v = 2209282,45m "
v = 22092,82cm

<
Il

<
Il

5.13. Tt mot phé thuc nghiém ngudi ta thu dugce do dai trung binh giira hai vach hap
thu quay lién ti€p 1a 3,8626 cm . Can cir vao gia tri nay hiy xac dinh gia tri mémen quan tinh
va dg dai lién két ctia phan tu CO.

Trd loi

Chung ta biét rang hing s6 quay B c6 mdi lién hé véi tan sd quay bang biéu thirc:

v=2BJ+1)
V6i J=0 —> v =2B. Tu do suy ra:
B = vo_ 38626 _ 1,913 cm™
2 2
Mit khac, ta lai biét twong quan giita B va mdmen quén tinh I theo biéu thtc:
h h
B = — I = ——
8rélc 8n°Bc

Thay céac gia tri tuong img vao ta co:

_ 6,62.10°
8(3,14)7.1,913.3.10'°

= 1,45.10* kg.m’
Mudn tinh do dai lién két cua phan tir CO, trude tién ta tinh khdi lugng rat gon cua phan
tr nay.

_ McMmo
“ = —_— =
mC +mo
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hay

-3 -3
_ 12402481070 g 02

28.10°26,02.10%

Hco

Ap dung biéu thuc 1 = pr® hay
1 _ 1,45.10 *kgm?
u 1,139.10 kg
r=1,12810"m = 1,128 A
1

5.14. Nguoi ta ghi duge v cua dai hip thy hong ngoai d6i voi khi HCI 1a 2885 cm .
Hay tinh hang so luc cho lién két trong phan ta HCI.

Cho biét H = 1,008; Cl = 35,45.

Tra loi

2

P = = 1,273.10 " m*

Ning luong hap thu photon 1a:
€ =hv = hcv
€ =6,62.107*J.s (2885 cm '.3.10"" m.s ) =5,731.10%%
Khéi lugng rat gon ctia HCI 1a:
-3 -3
_1,008.107°.35,45.10 1 kg/md _ 1,628.10_27 ke

HCl —
" 36,458.103 6,02.102 ma™"
Mit khac, ta lai biét:
21\

O day, qua trinh hap thy & trang thai co ban tng vdi bude chuyén tr v=101énv = 1.

Vay:
Ae = EJE
2\ u
hay
k = é
h2

Thay cac gia trj bang s ta co:
(5,731.10%°)%.1,628.10%

= 485 N.m'
(1,05.1024

k =

5.15. Hay cho biét ti s giita spin proton ¢ mirc ning luong thip so voi mirc ning
lugng cao 1a bao nhiéu, biét rang & 25°C cudng do cua tir truong ngoai 1a 2 T.

Cho g = 5,585; Bn=5,051.10 %7 J.T ', k= 1,3806.10 2 J.K .

Tra loi
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beé tinh dugc ti s6 gitra spin rng v&1 muc nang lugng thap so véi cao, trude tién, ta phai
tim hi¢u gitra 2 mirc nang lugng AE.

AE = gN.B N-Ho
Thay cac sb vao ta co:
AE = 5,585.5,051.10%7.2= 5,642.10°°J

Mit khac, sy phan bd Boltzmann dugc tinh theo hé thirc:

Ny _ [—AE}

— = exXp|—

N, KT
trong do: Ni: sb spin ing voi ning luong cao;

N,: 80 spin tmg voi ning lugng thap;
k: hang s6 Boltzmann;
T: nhiét do tuyét doi.
Biéu thuc trén c6 thé viét cho phu hop véi ti sé dau bai mudn hoi s& la:
N _ [AE}
N, kT

Thay céc so0 li€u twong ing vao bicu thurc nay ta rut ra ti so can tim:

No _ o [ 5,642.10%°J

—o° = 1,000014
N4 1,3806.1023J K 1 298K

5.16. ~ Nguoi ta ghi phé NMR cua hop chat este metyl focmat trén may 60 MHz va
thu dugc pho do nhu sau:

Can ctr vao phd dd nay, hiy tinh d6 chuyén dich hod hoc & cho 2 pic a va b theo thang
ppm.

500 400 300 200 100 0 1y
b
[l
H—C—0—CH;
a b
a TMS
3 5 pi 3 b

Tra loi

Dua vao phé dd & trén ta d& dang tinh duoc do chuyén dich hod hoc cho pic a va b nhu
sau:
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Dbi véi pic a, ta ding thude do duoc vi tri img véi 180 Hz, 1di tir d6 suy ra do chuyén
dich hoa hoc la:

a

(480 Hz
60 MHz

j><106 =8,0 ppm

Ciing bang cach tuong ty ta ciing tinh dugc do chuyén dich hod hoc cho pic b 1a:

Sy :(230 HZJMOG = 3,83 ppm

60 MHz

Vé mat cuong do ciia pic b va pic a cing phan anh kha rd nét: pic b tmg véi nhom CH;
tuong ung véi 3 proton nén cuong do 1on gap 3 lan cudong do doi véi pic a chi co 1 proton duy
nhat.

5.17. O dong cudng do tir truong ngoai 1a 1,65 T, nguoi ta da ghi dugce tan sb tach
gilra cac proton trong nhan benzen va chat chuan la tetrametylsilan 1a 510,5 Hz. Hay tinh d¢
chuyén dich hod hoc & trong trudng hop nay bing bao nhiéu ?

Cho gn = 5,585; Pn=15,051.107" T T
Tra loi

Chung ta biét rang d6 chuyén dich hoa hoc dugc tinh theo hé thuc:

5 = 2 ZYTMS 10° (ppm) (1)
V0
Theo dau bai vy —vrms = 510,5 Hz )
Con v, dugc tinh theo hé thirc:
vy = Snbutl ©

Thay cac gia tri Vo va vy — vims 6 (3) va (2) vao biéu thirc (1) s& dan toi:

5 = evmusIn 0 )
InPNH

Thay céc gia tri tuong ting vao (4) ta co:

510,55 1.6,62.10 24 Js.10°

o = 27 (1
5,585.5,0508.10 <" J.T".1,65T

(ppm) = 7,250 ppm

5.18. Khao sat phd quay dao dong dbi véi phan tir HY ngudi ta thu duge cac vach
phd hip thy co ban g voi céc s song sau: 2927, 2906, 2866, 2847 cm . Hay x4c dinh do
dai lién két cua phan tir khdo sat theo A.

Tra loi

Chung ta biét nang luong dao dong Eg4q cho mot dao dong khong diéu hoa duoc xac dinh
theo bicu thuc:

Ew= E, = (v+%]hc{zo— (v+%)hcx% (1)
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trong do: CVo =V, la tan s6 dao dong co ban;

x 12 hang s6 khong diéu hoa.
Pé thuan tién cho phép tinh chung ta gia thiét sy khong diéu hoa cua dao dong duogc bo
qua s& dan dén ning lugng tong cong 1a:

1 h2
E =EwutE; = (V+—th\~/o+ —JJ+1) 2
a 2 872l @)

I 1a mOémen quén tinh.
Déi v6i bude chuyén ciia dao dong quay xay ra déng thoi tudn theo quy tic chon lya tir v
-V vaJ—> T (£1)taco biéu thuc:
2

2h
m 3
82l )

AE = AEdd+AEq = hcv,+

6ddy: mnhangidtri+ 1; £2;+3 ..
T biéu thuc (3) ta d& dang tim dugc tAn sb dudi dang sb song:

. h
Y ot 4n2Icrn )

Trong biéu thirc (4) s6 hang thi nhét v, chi rd 1a vach co ban trung tim; sb hang thir hai

<1

g véi ciu trac quay tuong Ung.
Khi m duong ta ¢6 nhanh vach R tng véi sb song 2927 va 2906 cm™' 50 v6i V.

Khi m 4m ta c6 nhanh vach P tng v&i sb song 2866 va 2847 cm ' so v6i vach trung tAm

Vo.

Tinh d6 dai lién két

Tir phuong trinh (4) ta dé dang thiét 1ap hé phuong trinh bac nhat dé xac dinh v, va I (vé
nguyép tac ta c0 thé chon mot trong 2 nhom vach R va P). Vi du ta chon nhém vach R
(chuyén vé cung don vi SI).

2,906.10° = v+
(5)
-34
6,62.10 +2)
4.(3,14)%.1.3.108

2,927.10° = ¥+

Giai hé phuong trinh (5) ta dé dang tim dugc:
Vo =2,885.10°m™’
= 2,665.10" kg.m*
Mt khac, ta lai biét quan h¢ gitra I va r dugc biéu dién bfing hé thurec:

2 = MyMa 2

I = pr
my +Mgy
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' mymg (1,008.35).107

5.19. Ngudi ta biét s6 song v (cm™') phd hép thu tudng Gmg véi su bién thién cua sb
lugng tir dao dong v doi véi ion C1O™ duoc liét ké trong bang dudi day:

I 4 5 6 8

32945 33402 33839 34261 35056
v 14 15 | ... 18 19 20
v (em™) 36627 | 36874 | ... 37425 | 37567 | 37689

Tir cac sb lidu néu trén hay tinh nang luong phéan 1i D theo kJ/mol ciia hgp chit khao ctru
khi v tir trang thai co ban (v = 0) 1én trang thai cao hon.

Tra loi

Ning luong dao dong cua phan tir duoc viét dudi dang:
B 1 1)2 3
g = |V+=|hve— [v+=| xhve+ | v+—=| yhve — ... (D)
2 2 2

trong d0: ve- tan sd can bang cia dao dong;
h- hang s6 Planck;
X, y- hang s6 khong diéu hoa ciia dao dong.
Hi€u nang luong Ag, _, (v+1) cO thé tinh dua vao biéu thirc (1) qua mot s phép bién doi sé
la:

Agy 5 vy = {1—2(v+1)x+3(v2+2v+%jy} (2)

Mat khac, theo dinh luat Planck ta co:
Agy 5 v+1) = hv
v- tan sb anh sang bi hap thy khi chuyén doi.
Ning luong phan li D duge xem la tong cac gia sb bién d6i, nghia la:
D = ZASV_) v+ — h ZV (4)
v=0
Khi quang tir (photon) anh sang hap thy timg luong nho thi téng trong trudng hop nay
chuyén sang dang vi phan.

Vi phan phuong trinh (1) s& co:
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1 17 1
&y = (V+—jhve— (V+—j hvex + [v+—j hvey = hv

2 2 2
[ 2 3

gy = (v+1j—(v+1j x—(v+1) y]hveZ hv

2 2 2

[ 2

de = 1—2(v+1—jx+3(v+1—j y]hve = hv

dv 2 2

hay
de = hvdv
Tich phan (5) s€ co:
D = [de = h|vdv

(6)

209

Tl (6) ta dé dang xay dung db thi gitta v va ¥y (v+1). Dé d& dang lap do thi ta 1ap bang

sau:
V.
V| Feow= T fem) | Ty = 2 o)
4 32945 457
5 33402 437
6 33839 422
7 34261 403
8 34664 392
9 35056 ;
: : 267
13 36360 247
14 36627
15 36874
18 37425 144
19 37569 120
20 37689

Tir cac s6 liéu thu duoc & bang nay ching ta xdy dung dugce duong cong phu thudc giita

s6 luong tir dao dong v va Av (xem hinh v&).

AV (cm™)
A
600 -
400}
200 +
90
0 ’ &— 60
. . . Pe—28

0 5 10 15 20 25 v
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Dua vao duong cong xdy dung duoc chung ta ciing c¢6 thé 1am phép ngoai suy (duong
gach gach---) phia ngoai gia tri v = 20.

Nhu vay, khi v =20, 21, 22 thi gid tri AV (Vv (+1)s€ 12 90, 60, 28 cm . Vay nang lugng
phan li trong truong hop nay sé la:
D =37689 (ing dung v = 20) + Cac gia tri ngoai suy
D =37689 + 90 + 60 + 28 = 37867 cm ' = 3,7867.10° m™".
Gia tri nay dugc chuyén vé don vi J/mol s& 1a:
D = 3,7867.10° x 3.10° x 6,624.10* x 6,02.10” = 453,2 kJ/mol

Két qua thu duge gia tri 453,2 kJ/mol 1a nang lugng phan li cia ion CIO™ & trang théi co
ban.

5.20. Khi thém mot luwong du thudc thir hiru co naphthazarin (dan xuét cia
naphthaquinon) vao dung dich c¢6 chira ion thori thi thu dugc dung dich mau véi viéc hinh
thanh phtc theo ti 1& thori : thudc thir 1a 1 : 2. Két qua do mat do quang bang phuong phap so
mau & 2 bude séong 570 va 620 nm tng v6i 3 ndng do khac nhau (46 day cta cuvet 1a 1 cm,
gia str toan b ion thori déu tao thanh phuc) dugc liét ké ¢ bang sau:

Noéng dd thori (mol/ /) 13,9.10° | 34,7.10° | 555.10°°
Phan tram d6 truyén qua & 570 nm 62,4 30,4 15,2
Phan tram d6 truyén qua & 620 nm 496 16,7 5,7

a) Hay chi rd trong khoang ndng do da cho, dinh luat Lambert-Beer van duoc ton trong.
b) Xac dinh d6 hip thu mol ddi v6i phirc hinh thanh.
Trd loi

Chung ta biét rang khi chum anh sang don sic di qua dung dich voi do day 1 cm thi dinh
luat Lambert-Beer dugc bic¢u dién qua hé thuc:

It = Io.e
hay
In—+ =—kec
[0
1 kc
loit =
gI 2,303

R FEETOPR A T \ LA s A
trong do: I—’ la d6 truyén qua, con I—’ %100 la phan tram truyén qua.

o o
k 1a hang s6; C- nong d9.
rr g A qia ax o AR 1x: TR PR o , oA
Vi céac so li¢u da cho ¢ dau bai ta tinh gia tri lgl—’ O ting budc song, ing voi cac nong
o
d6 khac nhau. Két qua dugc ghi ¢ bang sau:
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Néng dé thori (mol/l) | 13,9.10° | 34,7.10° | 55,5.10°°

I,
Igl—t & 570 nm ~0,2068 | -0,5100 | -0,8182

o

I,
Igl—t & 620 nm -0,3045 | -0,7773 | —1,2441

o

Vi cac s6 liéu nay ta xay dung do thi phu thudc giira lg;—f va nong d¢ C (hinh v&).
Két qua thu dugc ca hai dudng thang tng véi A = 570 va 620 nm chimg t6 dinh luat
Lambert-Beer dugc ton trong.

b) Dua vao dd thi ta tinh do hép thu mol € theo hé s6 goc —% . Qua vay:

2,30.
+) 0 570 nm: _ k08182
2,303 55,5107
e =~ — 14740
2,303
+) 0 620 nm: _ k1,244
2,303 55,5107
€= ko 22420
2,303

Nhu vay, do hép thu mol € & 570 nm 1a 14740 va & 620 nm la 22420.

5.21. a) Trong phd NMR nguoi ta nhan thdy proton chuyén dong nguoc véi tir
truong manh phia ngoai c6 gia tri 1a 10 T. Hay xé&c dinh hi¢u nang luong Ae trong trudong hop
nay.

b) Cho biét tan s birc xa khi proton chuyén dong tmg véi gia tri Ae di xac dinh dugc.
Cho g = 5,5857; ux = 5,0508.10 " c.s'.m”.
Tra loi
a) Ap dung biéu thirc dé tinh hiéu giira hai mirc ning luong 1a:
Ae = gnBaHo

Trude khi thay s6 vao biéu thirc nay ta cdn phai chuyén don vi Tesla (T) cua tir trudng
ngoai vé h¢ don vi SI:

1T =IN.c'.(m/s)'=1Nc'm's=1 kgmsZm'c's
=lkgm’s?m’c's = 1 m?’c's
Thay céc gia tri bang s6 vao biéu thirc trén s& din dén:

Ag = 5,5857x5,0508.10 " c.s 'm*x 10 m2.c s = 2,8.10%°J
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b) Tur biéu thirc co ban Ae = hv ta dé dang xac dinh duoc tin sé birc xa khi proton chuyén
dong trong tir truong. Qua vay:
A 28102

V e —_— = ——
h 6,62.10*Js

v =4210%s"
Thong thuong tan s6 duoc chuyén vé don vi Hz, vay gia tri v cia buc xa la:
v = 420.10°s™" = 420.10° Hz
hay
v = 420 MHz

5.22. Khi chiéu chum anh sang voi bude séng A = 3000 A qua mét dung dich gdém
axit oxalic va uranyl thi thay phan tmg quang hoa xay ra. K€t qua thuyc nghiém cho thay trung
binh 1 photon bi hap thu lam chuyén hoé 0,57 phan tir axit oxalic.

Hay xéc dinh ning luong birc xa can thiét & phan huy 1 mol axit oxalic.
Tra loi
Ap dung dinh luat Planck:

hc

€= hv =
A

Chung ta c6 thé xac dinh ning lugng cho 1 photon 1a:

-34 8
c = 6,625.10 ><1:g.10 _ 6,625.10719.]
3000.10"

Theo dau bai, d& phan huy 0,57 phan tir axit oxalic ta phai can 1 photon. Vay dé phan huy

1 mol axit oxalic ta phai can N—A7 photon. Qua vay, nang lugng trong truong hgp nay s€ 1a:

23 -19
. _ 60210°x6,625.10"° _ s
0,57
5.23. Nguoi ta biét khi thuc hién mot phan tmg quang hop thi phai chiéu mot chum
anh sang don sic. D6i voi truong hop khi tao thanh 1 phan tir san pham quang hop c6 AH =
468,16 kJ.mol " thi cin 8 photon tmg véi bude song A = 6000 A.
Hay xac dinh hiéu suit chuyén quang ning thanh hoé ning.
Trd loi
Mubn xac dinh dugc hiéu suét chuy7én quang nang thanh hod nang chung ta phai tinh
duoc nang luong dé tao ra 1 mol san pham.
Trudc tién ta tinh nang lugng cua 1 photon.

-34 8
ey~ ho _ 6,625.103 ><1%.1O 33107
A 6.10%.10"

Nang lugng ing véi 8 photon la:
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e =13310"x8 =264.10"7J
Ning luong can thiét dé tao ra 1 mol san phim quang hop 1a:
E = 26,4.10" x 6,02.107 = 1590 kJ.mol'
_ Theo qdéu bai, phan irng quang hoa khao sat c6 hiéu irng nhié¢t 1a 468,16 kJ/mol. Vay hi¢u
suat chuyén hod quang ning thanh hoa nang la:
468,16
1590

x 100 = 29,4%

5.24. Phuong trinh phan img brom ho4 axit xinamic xay ra & 30°C nhu sau:
C¢Hs—CH=CH-COOH + Br, — C¢HsCHBr—CHBr—COOH

Khi chiéu birc xa v6i bude song A = 435,8 nm c6 cudng d6 1,4.10° I.s™' trong khoang
thoi gian 1105 s thi lugng brom giam 0,075 mmol.

Hay xac dinh hi¢u sudt luong tr o, biét dung dich hép thu 80% nang luong cua buc xa di
qua.
Trd loi

Mubn tinh hiéu sudt lwong tir ciia phan ing quang hoa chung ta phai tinh duoc sb phan tir
brom dé tham gia phan ng brom hoa va s6 photon bi hap thu trong qua trinh phan tmg. Thét
vay, theo dinh luat Planck ta dé dang xac dinh dugc nang lugng cua 1 photon.
6,625.10>% x3.10°

435,8.107°

e= hv= % - — 4541017

Mit khac, sb photon bi hap thy trong 1105 s tmg voi cudong d6 1,4.10°Js™' séla:

1,4.10°% x 1105 x 0,8
45410719

Ny = =2,74.10"

Chung ta ciing c6 thé tinh dugc s6 phan tir brom da tham gia phan tng l:
ng;, =0,75.10° x 6,023.10> = 452.10"

Tir két qua tinh dugc ¢ trén, hiéu suit luong tir d6i v6i phan tng brom hod s& 1a:

o= "B _ 452101 _ | o
Nhy 2.74.10'8

5.25. Trong phd hap thu hdéng ngoai
(IR), tan so hip thuy cta nhém cacbonyl C=0
trong cic hop chat xeton, andehit, axit
cacboxylic, este... dugc xem la tan sd dic trung.
Két qua ghi phd thuc nghiém cho hop chat  2-
butanon trong dung dich CCl, ¢6 ve-0= 5,8 pm hay
1724 cm ' (xem hinh bén).

100

doé truyén

)
)

Hay xé4c dinh hé sé hap thu mol phan tr tng
v&i tan sO noi trén, biet rang nong dd cuia dung
40| 1

20t .
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dich nghién ctru 1a 0,089 M, chiéu day cua cuvet 1a 0,1 mm.
Tra loi
Dua vao pho do thuc nghiém (xem hinh) ta dé& dang xac dinh duoc cudng do hap thy I, =
98 va I =49 (ang voi cuc dai v =1724 Cmfl).,Tir cac gia tri nay chung ta cting tinh dugc
phan tram truyén qua bi hap thu ing véi dai hap thu ciia nhom C=0. Cu the la:
lo _9% 5  hay Inle = 0,69
I 49 I
Nong d6 dung dich :
C = M x1000 .m™ = 0,098 mol./"" x 1000 Z.m~ = 89 mol.m">
Do day cuvet la:
¢ =0,100mm = 1,0x 10 *m"
Ap dung biéu thirc cta dinh luat Beer-Lambert ta ¢ thé xac dinh hé sb hép thu mol phan
tor nhu sau:

k= ln|—°
c./ I
Thay s6 vao ta co:

Kk = 0,69 ~ 77.5 mol !

89 mol.m2x1,0.10% m3

Bai tap chuwa c6 loi giai

5.26. Hay tinh 2 gi tri dAu tién cua mirc ning luong quay cho phén tir hidro va gia
tri mémen dong lugng tuong ung vdi hai mac nang lugng nay. Cho biét gia tri mémen quan
tinh bang 4,602.10™* kg.m”.

PS. Micé/=0 = E;=0;L=0
Mitc 6 £ =1 = Eq=2,41.107"' J; M=1,49.107* J.s

5.27. Mot vi hat chuyén dong dugc xem nhu mot dao dong tu diéu hoa. Hay xac
dinh gié tri hang s6 lyc cua dao dong nay biét rang vi hat c6 khdi luong bang 1,33.107>° kg va
hiéu giira mirc ning lwong lién ké 13 4,82.107' J.

PS. 278 N.m™'

5.28. Trong phén tor HI, nguyén tor H quay quanh nguyén tir c¢b dinh ldy l1am tdm
quay trén cung mot mat phang dugc xem nhu 1a mdt hé quay tr cirng nhac. Hay:

a) Xac dinh gia tri ndng luong quay (J) cho 4 mirc ¢ phan tir nay.
b) Tinh tin s6 quay (s') ing v6i cac mirc nang luong trén. Cho biét:
H=1,008; 1=126,90; 1m=1,6A.

b.s. J 0 1 2 3
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E (J).10% 0| 262| 786 1572

v (s).10" 0| 395| 11,86 | 2372

5.29. Mot qua bong bang thép c6 m = 10 gam lan trén nén nha bang phang c6 chiéu
rong 10 cm voi toc do 3,3 cm.s .

Hay xéc dinh sb lugng tir tng v6i mirc ning luong tinh tién cua dao dong diéu hoa nay.
pSs. n=0,995.10° ~ 1,0.10”

5.30. Cho biét hiéu ning luong giita hai muc ning lwong quay ddi voi phan tir CS 1a
3,246.10J.

Hay xac dinh d¢ dai lién két (A) giira C va S.
Biét r’fmg mc¢ = 12,0 g/mol; mg = 32,0 g/mol.
bS. lcs=1,538 A
5.31. Gia st phan tir HCI dugc xem nhu mot hé quay tir cig nhic. Gitra H va Cl
c6 d6 dai ¢ = 1,28 A. Hay xéc dinh gia tri nang lugng quay thap nhat dbi v4i phan tir nay.
Cho H=1,01; Cl1=35,0.

ps. E, =0

E, =4,17.107%]
1

5.32. Xét phan tir H'Cl. Hay xac dinh khéi lwong rit gon cho phén tir nay va tinh
momen quan tinh ciia ching, biét do dai lién két ctia phan tir khao satr=1,27 A.

ps. 1,16.107% kg; 1,88.10™* kg.m’

. 533 Xac dinh nang luong dao dong va hang s lyc d6i véi phan tir HCl biét rang
tan s6 dao dong co ban déi v6i phan tir nay tim duogc 1a 8,67.10" Hz.

pSs. 57.10°7;  4,83.10°N.m™'
5.34. Tinh gia tri manheton hat nhan dbi véi proton Pu.
Cho m, = 1,6726.10 kg
pSs. 5,0508.1077 1.1
5.35. Hay xéc dinh tan s6 cong huong ciia electron doc than xdy ra trong tir trudng
H,=03T
Chog=2;p=9,274.10>* I.T"
pSs. 8,4.10° Hz;

5.36. Ngudi ta di ghi nhan duoc két qua do phd cho phén tir *C**S nhu sau:
Tan s6 budc chuyén tng voi J =0 — 112 49170 MHz;
Tén s6 dao dong co ban 1a 1285 cm™.

a) Tinh d6 dai lién két cho phén tir khao sat.
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b) Xac dinh hang s6 luc cta phan tir nay.
PS. a) fc_s = 1,54 A

b) k=8,51.10° N.m"'

5.37. Biét khoang cach trung binh gitta C va O trong phan tr CO 14 1,2 A, hing sb
lwc 13 1,9.10° N.m ™. Hay:

a) Xac dinh d6 dai budc song cua vach dau tién véi gia thiét chi co phd quay ma thoi.

b) Tinh budc song cua dai phd dao déng co ban biét ring phan tir duoc xem nhu mot dao
dong dicu hoa.

ps. a) Ag=2,93.10"m
b) hdg = 4,62 um
~5.38. Cho cac gia tri s6 song v ung voi s6 luong tir dao dong v & trang thai co ban
doi v6i phan tir Hy nhu sau:
v 1 2 3 4 5 | ... 9
v (cm_1) 4162 8085 11779 15248 18488 | ... 29123
v 10 1 12 13 14

v (em™) 31150 | 32888 | 34307 | 35355 | 35976

Hay xé4c dinh ning lugng phan li lién két theo kJ/mol
ps. D =431,8 kl.mol'

5.39. Trong phd hip thu hong ngoai ngudi ta dd xac dinh duoc tan sé dao dong co
ban cho phén tir 'H>Cl 12 8,67.10"° Hz.

a) Cho biét nang luong Gmg véi tan sb noi trén 1a bao nhiéu J ?
b) Hang s6 luc trong trudng hop nay s& c6 gia tri bang s 1a bao nhiéu?
ps. a) 5,7.10%7
b)  4,83.10°N.m’

5.40. Su dung’céc sb liéu cho dudi day dé xac dinh tan s6 hép thu NMR cho cac hat
nhan “H, "F va *’Si; biét cuong do tir truong 1 2 T.

Hat nhan Spin () | Mémen ttr (1) (manheton hat nhan)
’H 1 1,21
®H 1 4,55

2
Bg;j 1 -0,96
2
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1 manheton hat nhan = 5,050.10%" J.T"'

ps. v = 1,31.10" Hz dbi véi *H
8,01.10" Hz dbi voi °F
1,69.10" Hz dbi v6i *’Si

5.41. Hay xac dinh cudng do tir trudng trong phd NMR dé co thé dat duogc tan sd
budc chuyén la 60 MHz cho nguyén tir F.

Cho biét gy = 5,257; Pn=5,0508.107" J.T"

A%

v

bS. Ho=1,4973 T
5.42. Trong phdé NMR, hiy tinh manheton hat nhan cho proton.
ps. Bn=5,0508.10" J.T

5.43. Phan g oxi hoa CH, bang oxi xay ra theo phuong trinh
CH4+20, —— CO,+2H,0

Su hoat hoa duoc tién hanh theo cach sau:
Hg —2 > Hg*
CH;+Hg —— Hg+ CH3+H

Céc gdc CH$ phan tng véi oxi cho hdn hop san pham CO,, CO va HCOH. San pham co
ban la CO,. Lugng CH, da phan huy 1a 6,1.10' phan tir.s '; ning lugng chiéu sang 1a 8,7.10°
erg.s '; nhiét do thi nghiém la 298 K; budc song do anh sang phat ra la 2537 A. T céc so lidu
néu trén hay tinh hi¢u suat lugng tir cua phan ng.

bS. ¢ =0,55

5.44. Mot binh thach anh chtra hdn hop 10% clo trong benzen duge chiéu sang tmg
v6i bude song A = 313 nm trong vong 35 phit. San pham thu duoc 1a hexaclo-xiclohexan.
Hiéu suat luong tir ¢ = 55,35; niang luong di qua binh phan tng chira benzen nguyén chét 1a
4,681.10% erg; con nang lugng di qua binh phan tng trong thoi gian néu trén 1 0,425.10° erg.
Tinh luong C¢H¢Clg thu duoc sau phan ung.

bS. 1,8g C6H(,C1(,
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