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B8 =—180°
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dij = \/(ffi -7
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(i —x5)(wp — ) + (Yi — ;) (e — y5) + (20 — 2) (zk — )

COS Qi) =
+ dijd;i
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jiojk _ jiojk

COS Qi = = =
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aob =a.b; +ayb, +a.b,
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_’}om
Je .. .
i dni + cos A5k COS Qjkl

COs ﬁijkl = - -
S vk SIN QL kel



(ji x ki) o jk

sin Biju = - -
* dijd;kdp sin o i, sin o



ayb, —a.b,
axb=|—ayb, +a.b,
azby — ayby



2FEL — COS Qg COS QU

COS Qi) — COS Q5 COS Q5

sin a5 sin oy

sin ;g sin oy



(ki x kl) o jk (ki x kl) ok

sin B = - - =— . :
* dridyjdig sin o sin oy diidyjdig sin o5 sin oy
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x [A]



doims = 72 = 0,96 A



dorms = \/ %4 + (—2m3)? = 1/0,9242202 + 0, 2403652 = 0,955 A



doims = V(s — 201)? + (s — yo1)? + (zas — 201)% =



V/(0,92422 — 0)2 + (0 — 0)2 + (—0, 240365 — 0)2 = 0,955 A



T3 O7 924225
doigs 0,955

cos(ap201m3 — 90°) = =0,9677749



amgeo1a3 — 90° = 14,58517 = apg201H3 = 104, 58°



(xm2 — wo1)(xms — wo1) + (yu2 — yo1)(Wus — yo1) + (zm2 — z01)(2H3 — 201) _
COS U H201H3 = =
di201do1H3




(0 —0)(0,924220 — 0) + (0 — 0)(0 — 0) 4 (0,96 — 0)(—0, 240365 — 0)

0,96 x 0,955 =—0,2517 = a = 104,5






dosos = 1,48



di102 = /(0 — 0)2 + (—0,895669 — 0)2 + (—0, 316667 — 0)2 = 0,95 A



do2os =/ (0— 02+ (0—0)2 + (1,48 —0)2 =1,48 4



dosma = /(0 — 0,895669)2 + (0 — 0)2 + (1, 796667 — 1,48)% = 0,95 A



(0—0)(0—0)+ (—0,895669 — 0)(0 — 0) 4+ (—0,316667 — 0)(1,48 — 0)
COSXH10203 = =
0,95 x 1,48




—0,333334



agio203 = 109,47°



(0,895669 — 0)(0 — 0) + (0 — 0)(0 — 0) + (1, 796667 — 1,48)(0 — 1,48)
COS 40302 = =
0,95 x 1,48




agso0302 = 109,47°



Yyz






(rH1—202)(xHA—T03)+(YH1—YO2)(YyHA—YO3)+
(zH1—202)(2H4—203) _
B roalini COS AUH10203 COS C0203H1
cos BH10203H4 = . : =
SIN 10203 SN XO203H4




0,895669 x 04(—0,895669— —0, 7—0)(1,796667—1,4
x0+4( 669 og:)gi&g%m%ﬁ 0)(1,796667—1,48) + (0, 333334)(—0, 333334)

0,942809 x 0,942809



Sin 10203 = sin ao20sr4 = /1 — (=0, 333334)2 = 0, 942809



(Y1 — yo2)(2H4 — 203) — (2H1 — 202) (YHA — YO3)

_

O2H1 x O3H4 = 7({ZZH1 - xog)(zH4 - Zog) —+ (ZHl — 202)(:0H4 — $03) =
(rH1 — 202)(YH4 — Y03) — (YHL — Y02 )(THA — T03)



(—0,895669 — 0)(1, 796667 — 1,48) — (-0, 316667 — 0)(0 — 0) -0, 283630
—(0 = 0)(1,796667 — 1,48) + (—0, 316667 — 0)(0, 895669 — 0) —0, 283630
(0 — 0)(0 — 0) — (—0, 895669 — 0)(0, 895669 — 0) 0,802223



. (O2H1 x O3H4) 0 0203
sin Sr1020304 = . . =
dr102d0303d03H4 SIN A 10203 SIN 020303




(—0,283630 x 0 — 0,283630 x 0+ 0,802223 x 1,48)

0,95 x 0,95 x 1,48 x 0,942809 x 0,942809



Bi1a20304 = 90°



(0O2H1 x O3H4) 0 0203






dpiciz = dpicis = dpicia = 2,02 A



aclapPicis = Cciapicia = acizpicia = 90°



Beupicizciz = —90°



®Cl4

-
CI3

X






Beuapiciacis



| Aw gére
B\
o

'BABCD<'0’
chiralnos¢ S

(A>C>D)

.BABCD>0
chiralnos¢ R

(A>C>D)



cosa =10



sinao =1



2,02x04+0x2,02+0x0
2.02x2,02 0x0

1x1

cos Bciapiciacis =



0x0—-2,02x0 0
PICI3x PICIA= | —2,02x0+0x0 | = o0

2,02x2,02-0x0 4,0804



(P1CI8 x P1CI4) o C12P1 =0 x 0+ 0 x 0+ 4,0804 x (—2,02) = —8,242408 < 0



Bewiepicizcia = —90°



2v






120°-90°=30°
120°







—zo(3) =b=1,5sin30° =1,5/2=10,75 A



Yo =a=1,5c0s30° = 1,5v/3/2 = 1,299 A






Iewos kretny prawos kretny




dgine = 1,031



dnans = 1,245



dnscia = 1,728



aginang = 120, 8°



ananscia = 120,7°



Brinanzcia = 0°



2,2









—135°









—120°



NH;*

CH;

COO-



w+









o2 = 1,3



O3 = T4 = *0, 65



Yoz = —Yoq4 = 1,1258









(x+h, f(x+h))






(z,z+h)



(f(z), f(x+h))



—
x

=

=

f(x+h1)

f(x+h2)

f(x+h3)

f(x)







x>0






<0






Cl



P+ h) = f(@) + £ @h+ 5 @R + o f @R+ O @Rt



=3
n=0 "



FO(2)



4

/N










f(x)

f(x)

w

[

minimum

X

1
maksimum










F@) + 5 ) - o)



f”(l‘*) >0



f”(l‘*) <0



minimum



maksimum






flx,y)



(x7 y7 Z)
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flz,y) =22+
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—f:1—2y



’f of
02~ Oz <8$>
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oydx
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(
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0% f _ 0
oxdy Oz
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Oy
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i
Oyox










gradf






1,2, ..

Ip



Vf = gradf =




8{1}2 611

2% f
Oz 0x1

2*f
6118I2
2*f

3.2
ox3

&%f

Oxp0x2







1<m<n






f(xy)

max










(x—2")(y —y")+



Of (=", y*) (y

oy?

RN S VAR TR

r—x*
y—vy

)



zTHz















1 [8%£(0,0)
21 9¢

2
F(em) = £0.0) + e+ 00,






d(NH) [A]

Energia [kcal/mol]

23

I
N

~
e

0.8 09 1 11 1.2 13
d(CH) [A]

Okolice minimum odpowiadajgcego
czgsteczce HCN

| ]

100 110 120 130

11 12 13 14 15
d(CH) [A]

Okolice stanu przejsciowego



VIHV = (

At
0

0
A2

)






2 2 _
viovy=uvj; +vy =1



V1 0 Vg = ¥11V12 + V2122 = 0



2 2 _
V2 0V = Uiy + V5 =1



(

§x N
&y My

)



A1

rr
~ o2

0% f
AQZT



det(H — A\I) =

o2f
Bzf
3*f

dx20x1

_o’f
Oy Oy

_F
3118I2
2f

P
ox5

3*f

0z, 02

3% f

9210y,










A1 >0, >0,...2, >0



A <0,A>0,...2\, >0



m > 1



A <0,A<0,...0, <0



Am+1 >0... 0, >0



A <0,A<0,...2, <0



n>1









E(d) = 815(d — 1,09 A)?



E'(d
) =
(815d
2
-2
X
81
5
X
1
.0
9d —
81
5
X
1
,09?
)/



=2 x 815d —2 x 815 x 1,09 = 2 x 815(d — 1,09)



E(g(d)) = 8159(d)?, g(d) = d — 1,09



E'(9)g'(d) =2 x 815(g(d)) x 1 =2 x 815(d — 1,09)



E'(d*) =2 x 815(d* —1,09) =0 = d* = 1,09



E"(d*) = (2 x 815(d* — 1,09)) =2 x 815> 0
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E(z) = a(2® — b*)* — ¢















b>0






FE'(z) = 2a(z* — b*) x 22 =0



22 =0lubz=0



2:0, CC3:b
-b, x
xry =



X1



xro



xrs3



E"(z) = 2a x 2z x 2z + 2a(z? — b*) x 2 = 4a(32* — b?)



E"(=b) = 4a(3(=b)* — b*) = 8ab® > 0 (a > 0)



E"(0) = 4a(0 — b*) = —4ab® < 0



E//(b — 4 2
) = 4a(3b* — b*) = 8ab* > 0



E(xq)

E(x3) = —c



E(z3) = ab* — ¢



AE* = E(x3) — E(21) = FE(z3) — E(x1) = ab*












/

0
0
0

1,b=ll,c
=0.7,c
1,b=0,c:

&
a=1,b
&

|

3
25
2

15
1
5
0

[lowyreax] 3

15

0.5

-0.5

X[A]









CH,



E(w) =1,2[1 4 cosw] + 10[1 — cos(2w)]



E'(w) = —1,2sinw + 2 x 10sin(2w)



= —1,2sinw + 20sin(2w) = sinw(40 cosw — 1,2)



sin(2w) = 2sinw cosw



sinw =0



cosw=1,2/40 = 0,03



[—180°,180°]



w1 = —7 (—180°), wy = —1,5408 (—88,28°),w3 =0, wy = 1,5408 (88,28°), w5 = 7 (180°)



E"(w) = —1,2cosw + 2 x 20 cos(2w)



= —1,2cosw +40(2cos? w — 1)



cos(2w) = 2cos?w — 1



E"(—7) = E"(r) = —1,2(=1) + 40(2 x (—=1)*> = 1) = 41,2 = minimum



E"(—1,5408) = E"(1,5408) = —1,2 x 0,03 +40(2 x 0,03* — 1) =



—39,964 < 0 = maksimum



E"(0) =—1,2+40(2—-1) = 38,8 >0 = minimum



coswy = coswy = 0,03






w=m (180°)



AE =FE(0) — E(r) =2,4



AE* = E(1,5408) — E(0) = 20,018



cos(2w)






—180



—88, 28



88, 28



180
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E(omega) [kcal/mol]

20
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0
-180-150-120-90 -60 -30 0 30 60 90 120150180
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T =da..H



Yy =dp..u



E(z,y) =2(x —y)* — (x +y — 3)*



E
%x:2x2(x_y)—2(x+y—3)=2x—6y+6



E
%y:_zxz(x_y)_Q(x+y—3)=—6x+2y+6






—6z + 2y = —6









OB _0Q2x—6y+6) _,
or2 or -




0?’E 92z — 6y +6)

oyox - Oy =6




0’E  9(—6x + 2y + 6)

0xdy - ox =6




O’E  9(—6x +2y+6) _y
oy? Oy -




2—-A 6

det(H—)\I):’ 6 9\

—o0






2-XN?-36=0 = 2-\=46



A =—4






[low/reay] 3

d(A...H) [A]






T1



T2



E(11,72) = cos(my + T2) — cos(11 — 72)



= —sin(r + 72) +sin(r —72) =0

orL



—— = —sin(7 + 72) —sin(ry — ) =0
87’2



—2sin(r +12)=0 = m+m=km,keC



28in(ry — 1) =0 = 1 —m=mr,meC



T1

k+m






7 (180°)



/2 (90°)






To=17/2



(m/2,7m/2)



(7/2,—m/2)









—m/2









0’FE 0’FE

5 = —cos(T1 + T2) +cos(Ty —Tp)  —F— = —cos(Ty + 7o) — cos(T1 — T2)
87—1 67‘287‘1



0’FE 0°’FE
= —cos(1y +72) —cos(T1 —T2) 5 = —cos(Ty + Tp) 4 cos(T1 — T2)
011072 oT3




T ="7/2



H— —cosm+cos0 —cosm—cosO) (2 0
“ \—cosm—cos0 —cosm+cosO) \0O 2



(=m/2,m/2)



To=—7/2



- (

—cos 0+ cosm
—cos0 —cosm

—cos(0 —cosm
—cos(0+ cosm

)= (



(_71-’ 7T)



=0
T1



=0
T2



H— —cos0+cos0 —cos0—cos0
~ \—cos0—cosO0 —cos0~+ cos0



-

det(H — A\I) = ’2

_i‘ = A=4 A\ =-2 N=2



E [kcal/mol]

taul [0]



A



Ao



A3



AFE = FE; — E; = —260 — (—210) = —50



AE* = —200 — (—210) = 10






E(a) = 47(a — 104, 5)*



a* =104, 5°






)0z |(22) "2 (22)'






F* = —-0.02









12

710



12C

10D






n>m









k=n/m









E(1) = 3,5[1 + cos(27)]



T=47/2



7T=-—m0,7






E(1) =1,3[1 + cos(37)]



T=-m—7/3,7/3,7



T=-21/3,0,21/3









E(z,y) =2(x —y)* + (x +y — 3)*



(z* =1,5;y* = 1,5)









E(9,7) = 50(0 — 120°)% + 2,5[1 + cos(27)]






[0°,180°]



(6 = 120°, 7 = +£90°)



(6 = 120°, 7 = —180°,0°,180°)












E=0,\{ =10,y = 20,3 =30



E=15X = -5 =—4,)3=—



E=5X=-5MX=5X=10



E=-8,A =10, =10, \3 = 20.



< ni

A Sy

Ee] ‘/‘E

Oddzm}};\'ﬁam@
torsy_]ne

"
"
"~
.,
.

. .
..................

Oddziatywania 1,5-niewiazace

EcI+EVdW



E=F,+

Eb + Etor + Eel + Enb





















1 o
Bo= > ikf(di—di)Z

wigzania












1 [e]
Ey = Z §kf(9i - 67)?

katy
walencyjne












d°/e°

d/o



Eipr = Z %[1 + cos(n;7;)]

katy
torsyjne



T;



n;












T = +90°






E [kcal/mol]

V(1)=1,3[1+cos(31)]

25

15}

E)180 -120 -60 0 60

120 180
T [deq]



E [kcal/mol]

V(1)=10,5[1-cos(21)]

T [deq]



E [kcal/mol]

V(1)=3,5[1+cos(21)]

0
-180

-90

0 90 180
T [deq]



Eq=Y 3 332 lq?fjj

i i<i
j nie(sasiednio)zwiazany z 4



q;






Tij



ladunki jednoimienne
ladunki roznoimienne




_ N
4mes Dr



€ = 8,85419 x 10712



e=1,6022 x 10~1°



(1,6022 x 1071 C)2
4 % 3,14159 x 8,85419 x 10712 x Fxm—1 x 1010 m

6,022 x 10% =1,3894 x 10° J



331,9 ~ 332



o 12 o 6
_ Tig Tij
Enp = €ij - —2 -
% Ji<i v 1]
j nie(sasiednio)zwiazany z i



r



Eij



r

o _
i

o o
T +rj






Potencjal Lennarda-Jonesa










dgy = 0,957



0% _o_p = 104,52°



k4 — 1106



ke_
=94






WAT1

0.957 &

X

X

O( 1M.173414 R

0.941157 A H(2)




dy



do



dy = 1/0,9264342 + 0, 2399372 = 0,957 A






0,239937
SIH(OL — 900) W = o= 104, 520



keal 4 kcal kcal
k=942 s = ) . ca S = 0,02864 o Keal
mol x rad (%) mol X deg

mol x deg?



E, =

1106

1106
—5 (0,957 = 0,957)% + —=(0,957 — 0,957)* =



2864
B =2 0286

(104,52 — 104,52)% =



Ewar1 =



dy = 0,975



do



ds = 1/0,9672 + 0, 2504672 = 0, 9989 A



cos @ — (33H1 - $01)(9€H2 - 5501) + (yHl - yo1)(?JH2 - y01) + (ZH1 - 201)(ZH2 - 201) _

dida




(0—1)(0,967092 — 0) + (0 — 0)(0 — 0) + (—0,250467 — 1)(0,957 — 0)

0,975 x 0, 9989



—0,25074 = «a = 104,52°



E, = 553(0,957 — 0,957)2 + 553(0, 9989 — 0,957)% =



Ey, = 0,01432(104,52 — 104, 52) =



kcal
Ewars = Eo+ By = 0,97
mol



dy =dy =0,975



a = 100, 44°



kcal
B, = 553(0,957 — 0,957)? + 553(0, 957 — 0,957)% = 0 ——



Ey, = 0,01432(100,44 — 104, 52) =



kcal
Ewars = Es + By = 0,24 e
mol









qc1 = —0,5



ky = 705



AEs.p=FEs.p— (Ea+ EpB)



"ol =1y e =2,54+0,6=31A



kcal
enor = vEnear = /0,00x0,1=0,082 — e



Py =2ry =2x0,6=1,2 A



kcal
EHH ZEHZO,OI ﬁ
mol



T%ZCZ =2T8122X2,5:5,OA



Ecict = Ect =



EFs+Eg=0



AE=FE,(H1---H2)+ Eq(H1---H2)+ E»(H1---Cl2) + Eg(H1---Cl2)



+E(Cll---H2) 4+ Eo(Cl1--- H2) + E,,(ClI1---Cl2) + E(Cl1 - - - C12)



rgige =1,3+3=4,3



rgicie =1,3+3+1,3=05,6



rong: = 3



roncie =3+1,3=4,3



1,2\ " 1,2\° keal
E.(H1---H2) = 0,01 [(47?’) 2<4,3> ] = —0,0000 ——



3.1 12
Enb(H1.-.cz2)o,032[<’ > -

3,1\° kcal
2 (2 18 —=
5,6 <5,6> ] —0,0018 T



1\ " 1\° keal
Ep(CI1--- H2) = 0,032 [(33 > 2(3’3 > ] ~0,0305 &

mol



5\ 5\° kcal
— - =0.1166 —=
En(ClL---CI2) = 0,1 [(473) 2 (4)3> ] 0,1166 ——



0,5x0,5 kcal
=332—"" "% —19,3023 —
Eq(H1---H2) =332 13 9,3023



kcal
Eq(HL---CI2) = 3320’527(605) 14,8214 C—al
y mo



- kcal
(=0,5) x 0,5 0’5?))”’5 — 97,6667 ——-

E (Cl1---H2) =332
i ) mol



(—0,5) x (—0,5) kcal
=19,3023 —
4,3 mol

Eq(Cl1---CI2) = 332



AE =-3,79



AFE = E,(Cl1 — H2)+



Ew(H1---H2)+ Eg(H1---H2)+ E(H1---Cl2) + Eg(H1---Cl12)



denn-g1 =1,35



rgige = 1,39 +3=4,35



rgicie = 1,39 +3+1,3=25,65






705 kcal
Ey(Cl1 — H2) = =2(1,35 - 1,30)% = 0, 8813 —~
2 mol






Enp(H1

.. CI2) =0, 032[(




En(ClL---CI2) = 0,1 > 12f2 5\ 007060@
nb o 4,35 4,35) | mol



0,5x0,5 kcal
R —=3322" " 7" 1 i
Eq(H1---H2) =33 155 9,0805 ——



0,5 x (—0,5) 14,6003 keal

E (H1---ClI2) = 332
i ) 5,65 mol



=19,0805 —
, mol

- - keal
Ea(Cl - C12) = 332 0’521X( 0.5) ca



AFE = —3,2153



My = 35,5



MNa



PNaCl = 2,16









Na+ = +1















Njon



Tjon



. _ _ 3
Njon = 2Nnac1 = Nion = Mjon

(2Nnact)

ol






d=1cm



Naxp 6,022 x10% x 2,16
Myoo1 23+ 35,5

Nyaci = = 14,4470 x 10?2



Njon = (4,4470 x 10%2)5 = 3,5429 x 107



- 1 cm
"B 5429 x 107 — 1

=2,8226 x 1078 cm = 2,8226 A



AFE = 6(Enb + Eel) =



2 6 332
A v <TNaCl>
"NaCl 9 .
6 {ENacz [( , > ,



4,4 \" 4.4 \° 332
-9 ) _ —
6 {O 01732 [(2 8226> <2,8226> ] 2, 8226



kcal
6(3,0690 — 117,6221) = —687,32 —
mol



déo =1,25



ko, = 1312



0500 = 120



koo = 160



E=6,24



E,=4,92



E,=1,32



e =10,0203



o 1e = 2,28



E =-0,0014






kd






AFE =-0,38









d° =1,16



kd — 1608






E=12,65

9



E,=13,02



Eel

—0,07



Enb

—0,30



D =2,24



D =24,5



r=3,30



dog =1,0



ECa2+ = 0, 10



re
a2t =
1
7



eo=20,20






eg = 0,02












dyy = 0,964



kog = 1010



AE =-7,90



AFE, =0,65



AFE,; = —8,40



AFE,, = —0,15



r* 2,57



HOOC COOH
p/
C=——=¢C
VAL
B o0 N

kwas maleinowy

kwas fumarowy



/CH
CH————C

,=60°
1,=—60"

7,=—60°

HC
konformacja krzestowa

HC

7,=60°

konformacja tédkowa









CH3 A‘JCE
4 T T
35 | |
3k ]
o 25} |
£,
'C_‘Q — ]
Q
15| |
m 1 | -
05 | |
0 | | | | |
180 -120  -60 0 60 120 180















mgh






W= -AE,— Fs » F— 2L
S



s = Ax












= -VE,



T1,Y1,21,L2,Y2,225 -« 3Ly yYn, Zn






n t—1

E=Y%"% eijry)

1

2 j=

i






Tij = \/(xj — i)+ (Y — i) + (25 — 2)?






Vi’l“ij =



E T’LJ r] K2

=1

V=

Z £

J#z



fii=—



|



fi;



rij



T
Je



F3 >1

FZ 17 e 12r21

F3->1_' 13r31 F F2>1+F

A
r}l

-e’,<0 (przyciaganie)
-¢’ >0 (odpychanie)

31

4“..,--1_1 .



keal 5 4186J
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Tcliicls = Tolicie = Trciecia = reiecie = Tciscia = Tclscls
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3
1
E=— E gieiexp<f >:
Q i=1

€;
RT



U P 0x4184 \ o 1 x 4184
X e —— X s E———
1,5858 P\ 78,3145 x 208 P\ 78,3145 x 298



3 x 4184
5 x 3 Rt S f
* XEXP( 8, 3145 x 298)]



0+40,5543 +0,0945  0,6488
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