h ZYoAn OeTikwyv EmoTNUWY

AIQTUNUATIKG/BIETTIOTNHOVIKO CERIVAPIO*

"Ta roAuwvupa Legendre

Kal N Xpnon Toug
otn ®uoiki kKai Tn Xnueia”

EionynTtég:
Av. Kab. lwavvng Noupvapadag (MabnuaTiko)
Kab. Newpylog ®PAoudag (Puciko)
KaB. AxiIAAéag Mapou®ng (XnUiko)

124.7 ppm

—_— Z
Cp*:5nMe;
E 11%5n Magic Angle Spinning
MR spectrum
Wit = 7 |
IH5n NMR static
spectrum
B BN S ~ah N ~SAAr TR "R

Tpitn 29 Maprtiou, wpa 15:00-16:00
AiBouca: Apug. 4 (TH. PuoIKAG)

*To ogpivaplo amevBOveral of 34 eTeic QOITMTEGTPIES KA1 PETATTUXIGKOUS QOITHTEG/TPIES TWV
Tpnparwy Madnuankwy, Puoikng, Xnpeiag. (Aev Ba SoBei moTomoInmkd TapakoAolénong).



0. Prerequisites

Theorem 1 All solutions of the second order equation

y" () + Ay (x) =0, x€R (A ER),

are given by

(

c1cos VAT + cosinvVz, t€R A >0
y(z) = | c1+cz, ER A=0
c1eV A 4 e VAT 2 e RN <O,

\

where c1, co are real constants

For the second-order linear ordinary differential equation

az (z)y" (z) + a1 (z) ' (z) + ag (z)y (z) =0,z € I, (E2)

with a1, a1, ag continuous on some interval I C R we have the following result:



Theorem 2 If y1,yo are two solutions of (Ep) that are linearly independent
(one is not a multiple of the other), then any solution y of (Ep) is given by

y(x) =cy1(z) + coy2 (z), =z €1,

where cq, co are properly chosen constants.

Theorem 3 Let xg € I := (a,b) be such that ap (zg) # 0 If the functions

_a@
Al =y O L

are analytical at xq with power series solutions that converge in (xg — r,xg + 1) C
x — xg| <

I, then (Ey) has power series solutions y (x) = >°q ¢; (x — x0)’,
r. Two power series solutions of (E) that are linearly independent can be
found by letting co =0cy1 =1, andcg =1, ¢c; = 0.



Definition. We say that the sequence of functions { fn ()},,cpy is orthogonal
on the interval [a, b] with respect to the function w € C ([a, b] ,R+), if

/bw(s)fn(s)fm(s)dszO, m #n,n,m €N

a

Proposition 4 Let {fn(z)},,cn be orthogonal w.r. to w = 1 on [-1,1],
g : [-1,1] — R have continuous derivative for all but a finite number of

points in [—1,1], and set Ay, = 2”;’1 fil fn(s)g(s)ds, n € N. Then

00 g(—1+0), r=—1
> Apfr(z) =1 3lg(x—0)+g(z+0)], ze(-1,1)
k=0 g(1—0), x = 1.

Note: For g continuous at x € [—1,1], it holds g (x) = >-7° o A fr ().



1. The Laplace equation in three variables

Let & (z,y,2) : Q — R3, & € C? (Q,R3), Q : simple domain in R3.

The Laplace equation (in rectangular coordinates x, vy, z) is

8%® (z,y, 2) N %P (z,y, 2) n 0%® (z,y, 2) —0
972 Oy2 022

O*d(z,y,2)
Ox?

or, by using the notation ®y; (x,y,z) = , and so on, we may write

It as

Dorx (2,y, 2) + Pyy (z,y,2) + P2z (x,y,2) =0. (L)



2. Solution by separation of variables

Seeking for a solution ¢ of (L) that separates variables, i.e., a solution of the

form
®(2,9,2) = X (2) Y (1) Z(2).
we have
2 T e 2
Ouu (2, 2) = ) v () 2(5) L X (@) =Y (1) 2 () X7 (@)

and, similarily,

Gyy (z,9,2) = X(y)Z(2)Y" (y),
¢zz($,y,2) — X(w)Y(y)Z”(z)

Thus equation (L) may be written as

Y(y) Z(2) X" (2) + X () Z(2) Y" (y) + X () Y (y) 2" (2) = 0,



or, upon dividing by ® (x,y,z) = X () Y (y) Z (z) # 0,

1 SR R
X (2) () Wtz e7 =0

Since x, y, z are independent variables, we may infer that each summand is a
constant, i.e., the (one variable) functions X (x),Y (y), Z (2) satisfy

1

// (CU) W

X )X” (z) = —a? = X"(z) +?’X (z) =0,
FoY W) = =Y )+ Y () =0
th)Z” (2) = 2= Z"(2)=~+%Z(2) =0,

where a, 3, ~ are constants with o + B2 = ~2. The solutions of these equa-
tions are explicitely given by Theorem 1.



3. Laplace equation in spherical coordinates

In spherical coordinates, (i.e., x = rsinf cos ¢, e.t.c.), Laplace’s equation for
® = & (7,0, ¢) may be written as

1 62 1 a< 8(1)) 1 0%

Y (o in O
(r )+r25in989 - +7“2sin298g152

= 0. L
r Or? 00 (Ls)

Looking, again, for a solution ® that separates the new variables, i.e., ® is of
the type
U (r)

/r'l

¢ (r,0,9) = P)Q(#), (r#0),



we find

2
r? sin® 6 1 dU(r) + - _ d sin HdP (9)
U(r) dr? P (0)r2sin0do do

1 d%Q(¢)
=0
TQ@) de?

from which it follows that

2 sin29[ 1 & (r) + L d (sin de (0)>] — m?2

U(r) dr? P (0)r2sin0do do
and
1 d°Q(¢)
Q(¢) dg? )

with m being a constant.



In a similar way we may find separate equations for P () and U (), namely,

m2
sii@d% <sin 9‘”2?) + [e (0+1) - Sin29] P(O)=0  (P)
and
d*U (r) £(L+ D (r) =0, )

dr? 2
where £ (£ + 1) is a real constant.

While solutions to equation (Q).may be found by the use of Theorem 1, equa-
tion (U) is written as

rPU" (r) — 4 +1)U(r)=0
and this is an equation of Euler type with solutions given by
Ul(r)= Arttl 4 Br—¢, (1)

where A, B are arbitrarily chosen constants.



4. Legendre’s equation

To deal with equation (P), one may use the change of variable z = cos¥,
[0 € (0,7),z € (—1,1)], and verify that (P) becomes

z 2 < 2
0 = —2de£)+(1—z2>dciPZ§)+[€(€+1)—1_Z2]P(Z)
. 2
= d%[(l_zz>d1;£ )]+[€(€+1)—1_22]P(z),

I.e., the generalized Legendre’s equation

/ 2
(1-22)P'(2)] + [e(e+1)— —

For m = 0,¢ € N we have the ordinary Legendre’s equation

(1-22) P"(2) —22P'(2) + £(t+1) P(2) =0, z€(-1,1). (Lg)

]P(z):o, z€(—1,1). (2)



5. Legendre’s polynomials and properties

By the use of Theorem 3 for xg = 0,7 = 1, one may see that the Legendre’s
equation (Lg) has a power-series solution P of the form P (z) = .2, ;2"
By substitution and after some calculations, we may find that the sequence of

coefficients (cn),>q is given by the relation
. __(ﬁ—i)(ﬁ—l—i—l—l)c‘

with the starting coefficients cg and ¢y be arbitrarily chosen.

i=0,1,2,..

If £ is a nonnegative integer, one may easily see that when ¢ = ¢ the above

formula yields ¢; 1o = 0, therefore

cpyor =0, forall k =1,2,....



Consequently, the correspoinding power series reduces to a polynomial, which
is found to be

[£/2]
1 (2£ — k)! 0—2k
P = _ : c R.
0(2) = Z( o8 K6 — k) (0 —2k) §
We conclude that:
Proposition 5 For £ =n € N, the Legendre’s equation
(1 — 22> P/ (z2) —2zP, (2) +n(n+1)Py(2) =0 (Lg-n)

has a polynomial solution of degree n which is explicitely given by

3 2n—k) o

k
Fn(z) = Z ) i —2ey” SR




For the first five values of the nonnegative integer £ = 0,1, 2, 3, 4, we find

Equation Polynomial solutions
(1-22) P§ (2) — 22P§(2) =0 Py(z) =1
1—22) PJ(2) — 22P{(2) + 2P (2) =0 Pi(z) ==z
1—22) PY(2) — 22P(2) + 6P (z) = 0 Py(z) =5 (22— 1)
1—22) P (2) — 22P§(2) + 12P3(2) =0 P3(z) =3 (52° — 32
1 — 22) P} (2) — 22P (2) + 20P4 (2) = 0 Py(z) = § (352% — 3022 + 3)

Since, for each nonnegative integer £ = n € N, the (corresponding) Legendre's
equationhas the polynomial solutionone may consider the sequence of polyno-
mials { Py (2)},,cn- Note that these polynomial solutions are defined on the
whole real line.

Theorem. The sequence of the polynomial solutions {Pp (2)},,cny of the
corresponding Legendre’s equations (Lg-n) is orthogonal on the interval [—1, 1]



with

1 B 0, m % n.
Lan(s)Pm(s)ds—{2n2+1’ S

Proof. Multiplying equations (Pm,), (Pn) by Ppn (x), Pm (x) , respectively,

Po(z): [(1-4?)F), (x)]’,+ m (m + 1) P () = 0,
Prn(z): [(1-2%) Ph(2)] +n(n+1)Pa(z) =0,
then subtracting, we have

(1 —22) Pl (2)| Pa(2) = [(1 — 2?) B} (2)] Pin ()
+[m(m+1)—n((n+1)] Pn(x)P,(x) =0.



Integrating on [—1,1] we get
1 /
/_1 [(1 - 562) P (CB)] Pn (513) dx
_/ 1_"7 Pl(w) Pm(a:)d;c

—|—[m(m—|—1)—n(n—l—l)]/_le(x)Pn(x)d:U:O,

while integration by parts, gives
[ a=a) Pt Putaras = [(1-2) Phy o2

B /_1 (1-2?) Py, ()] P, (@) da

- /_11 (1—2°) P}, ()| P, () da,




and, in a similar way

1

[ [(1-2) Ph@)] Pr@yda = [ (1) P (@) Ph () da

hence
1

/_11 (1-2?) Pl (2)] Pu(2)da = /_1 (1 -2?) P}, (2)] P () da,
which,in turn, implies that
1
[m (m + 1) — n(n+ 1)]/_1Pm(ac)Pn(x)d:c —0.

Sincem #n = m(m + 1) # n(n + 1), we conlcude that

/11 Pp () Pp (z) dz = 0.



Theorem. The sequence {Pp (x)},,cy of Legendre’'s polynomials has the
following properties:

() Po(1)=1, neN,

(i) (Rodrigues’ formula)

_ 2 n
Pr (@) = G (&~ 1)
(iii) (lteration)
2n + 1 n
Pn—l—l(x): n—l—lxpn(x)_n—klpn_l(m)'



6. Solution of the equation (Lg)
Since a solution of the Legendre equation

(1—2%) P (2) = 22P), (2) + n(n+1) P (2) =0 (Lg-n)

1 n/2]
(2n — k)| -
Pn(2) = o Z (=) K (n — k) (n — 2k)! *

and z = cos 0, we have that

1 /2]
(2n — k)!
Py (cosf) = — z D o =2

is a solution of the (P) equatlon (for m = 0)

1 d
sin GdP (9)
sin 6.do do

(cos 0)" 2k

)+n(n+1)P(9)=0- (P)



7. A conclusion

Seeking for a solution ® of the Laplace equation in spherical coordinates

192 1 0 o 1 90
60— = L —
ror2 (r®) + r2 sin 0 00 (sm 89) r2 sin? 0 O ( °)
which separates variables, i.e., of the type
U (r
®(r0,6)= \P0)Q(). (r#£0)

we see that, in the case of a problem with azimuthial symmetry (m = 0),
taking

Q(¢9) =1

and solving the equations (U) and (P) we have, respectively,

U(r)= Anrn+1 + Bpr™ ",



and

R (2n — k)! n—2k
Pn(cosﬁ):2—nkz::0 (—1) k!(n—k)!(n—2k)!(cose) ,n €N,

thus,

b (r,0,0) = (An'rn + Bnr_n_1> Py, (cos ).

In view of the fact that n € N is an arbitrary constant, we have that a general
solution may be written as

o (r,0,9) = i (AnTn + Bnr_n_1> Py, (cos6),

n=0

where the constants Ay, B, may be determinde by boundary conditions.



Note that when » = 1, B;, = 0 we have

© @)
V(0):=®(r,0,¢0)= > AnPp(cosh),
n=0
and we may see that the right-hand-side is a Legendre series, so, in view of
Proposition 4 we have

_2n—|—1

An 5

1 on+1 [m |
/_1 Pn(z)V (x)dx = 5 /OPn (cos0) V (0) sin 6d6.
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[ToAvwvuua Legendre
otn PuoLkn



C Py(x) =1
Pl(x) = X 1.0-.
1 0.5 -+
P,(x) = - (3x* = 1) e
2 =
n 1 \/_0.0
P;(x) = §(5x3 — 3x) -
1 05-
P(x) = 5 (35x* - 30x2 + 3)
1 -1.0-_1|0 —
Ps(x) = 5(63965 — 70x3 + 15x) | - X - .

To I etvat o BaBuog to moAvwvopov = 1 vPmAdTepn SVVAUN TOV X
ApTLEG/TIEPITTEG CUVAPTNOELS
KaBe moAvwvupo €xeL elte dPTLEG 1) TIEPLTTEG SUVAUELG TOU X

[Maipvouv Tipég 11 -1 ota Opla -1<x<1

[IAMpeg opBokavovikd oUVOAO f_ll P;(x) Py (x) dx =0



1.0

0.0
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1.0

0.0
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Metaoynuatiopog: x = cosf

P,(cos8) = cosb

O 10 20 30 40 50 60 70 80 90

0()



1
P,(cos0) = > (3cos?0 — 1)

O 10 20 30 40 50 60 70 80 90

0()



1
P:(cos) = 5 (5c0s30 — 3cos0)

O 10 20 30 40 50 60 70 80 90

0()




1.0 -
P,(cosB) = = (35c0549 — 30cos?6 +3) o 8_

O 10 20 30 40 50 60 70 80 90

0()



EVpeon mpooavaTtoAloTIKNG TAENG:
[ToAvwvupa Legendre
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0()
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ATIOKpLOT) O€ OTATIKO NAEKTPLKO TTESIO

Debye: amokpion popiwv pe v idla SLmoAkr) poT) mapovoia

eEWTEPLKOV NAEKTPLKOV TTES IOV

H peom Tt ™ StmoAlkng pomng elval amotéAeopa TS LOOPPOTILAG:
® Ocpukng evepyelag: Ug = kgT

® Hlektpootatikn evépyewa: Wy, = —u - E

H péon SumoAwr) pom (otatiotikr Boltzmann): < U > =

[MBavoTnTA TO Avuoua TNG SLTTOALKTG POTITG
VO EXEL TIPOCAVATOALOUO HETAED £ kat Q+d)



ATIOKpLOT) O€ OTATIKO NAEKTPLKO TTESIO
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Edapuoyn twv noAvwvupwyv Legendre oto MAS NMR

< T eival «payvnTkog» Iupivos

< T eivan 0 «GUVTOVIONOC TOU payvntikol rupiva»-NMR

<* Anto to NMR &dwaAvpatog octo NMR otepeot

< OL aviodtpomneg AAANAETOPACELC GTO OTEPED Kol MW EMAVOVTOL
< Napadsiypata-epappoyes.

KaO. AxtA\éag Npoudng, Tunua Xnueiag.



ATO TO Spin OTOV «MAYVNTIKO» TUpARvVA

To spin (/) eivat pa WLotnta tng VARG mov Ppopeic tou eivat ta O KATAOTACELS TOU spin giva 2/ +1 kal ywa spin ¥ ivou 2
VOUKAegOvLa Kat ekPpAlETOL GUVOALKA WE LOLOTNTA KOIL YLOL TOV
MUPRVA TOU OLTOMOU.
* [uprveg pe Tepltto Pallko aplOpo €Xouv spin NULOKEPOLOL ’ E
noA\amAdota. M.x. I =% (H, 13C, 1°F, 31p)
* Mupnveg mou amoteAovuvtal oo mePLTToUC apLlOoUC
NPWTOVIWV Kal VETpoViwv €xouv akepato spin. M.x. /=1 (%H, | 6
* [uprveg mou armoteAouvtal arnod (Uyouc apLBoUC TPWTOVIWY E
Kall VETPOVIWV €xouv undeviko spin (/= 0). M.x. 2C kat 0.
MONON NYPHNEZ NOY EXOYN SPIN sivar NMR-active OL pkpookorikot avtol pafdopopdol payvnTeg Exouv
To pNXaviKo avaAoyo Tou spin Ba Umopouvoe va TIPOCOUOLALEL IE  TUXOWLO TIPOCAVATOALOMO EKTOC payvnNTIKoU tediov aAAd
TNV Woomepotpodn kot KABe KvoUUEVO GOPTIOUEVO CWHATOO  TpocavatoAi{ovtal € OUOYEVEG LOXUPO €EWTEPLKO By
SnuULloupyel payvntiko edio OMwE o MUPRVOC TOU OTOUOU.
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O «UOyVNTLIKOC» TIUPNVAC OE OLOYEVEC HAYVNTKO tedio

* g MOYVNTLKO MESL0 0 EKPUALGHOC TWV EVEPYELWV TWV O nupnveg neplotpEdovrtal we «ofoupar» UE TN
KOLTOLOTACEWV Spin aipetat. ouxvotnta Larmor v, povadikn yia kaBe €va tootomno.

e EuBuypappion tou spin pe tn popa tov payvntikov nediov
= XoNAGtTEPN EVEPYELA EVW avTiBeta pe Tt popad Tov
payvntikov niediov = uPnAotepn evépyela.

* To AE avfdavetal pe to B,

| ? Avo tupAveg H (I = ¥4) pe dadpopetikl nAeKTpoviaki
s nukvotnta yupw toug CHCI,COOH

svBuypappiopéva ME to By
XAMHAOTEPH evépyeia

O tAnBuopoi Twv Kataotacewv spin dgv eival ioot!
0000 == ? oooo—? 00— ?
» KOPECHOG »
(deshielded)

spin lattice relaxation time T1

|
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Amno to NMR draAvpatoc oto NMR otepeov

2e SLAAUA Ol KLVAOELG TWV HOPLWV Elval YpryopEeS oTnV

KAlpaka xpovou NMR . Ta ofpata eivol StaAentiopéva Aoyw

TOU HECOU OPOU TWV AVLCOTPOTIWV AANAETILOpACEWV.

‘0o ©

Internal Translation Rotation

molecular
motion

AvtiBeta, ta paocpata NMR otepeov eival dtamAatiopéva,
AGYyw TNC ENISPOONC OLVICOTPOTIWY, EEAPTWHLEVWV ATTO TOV
NPOGOVATOALGUO AAANAETILOpACEWV.

BCNMR
StaAvpa
J\
1

‘CNMR
oteped

150 100 50 0 ppm

Tpia eiva Kupiwg Ta €idn Twv aviotponwv
oAANAeTO pACEWV TTOU E{OLPTWVTAL OLTTO TOV
TMPOCOVATOALGHO TOU OTEPEOU.

H avicotporia mou mpokUTTEL armo SUTOALKEC
AANAETLE PACELG, QTIO TNV MPOACTILGN (0) TOU TTUPrVa Kot
aTto TNV TETPOTTOALKOTNTAL.

2to NMR StaAUpatog, ot aAANAENLOPACELC AUTEG XAVOVTOL
AOYyw NG TaXelag Kivnong Twv popiwv.

* H éutoAwkn aAAnAenibépacn NPOKUTTEL OO TNV
aAAnAenidpaon Tou spin Evog MUPAVA KE TO HOAYVNTLKO
nedio nov dnuiovpyeital ano to spin AAAou upRva Ko
avtiotpoda.




To mpoBAnna Twv aviootponwv aAAnAsridpacewv

H neplotpodn tov deiypatog yupw arnod Tov EaUTo Tou
TLOLPEXEL LA TEXVNTH Kivnon tonoBstwvtag tov afova
nepLotpodng Tov deiypatog otn payikn ywvia twv 54,74° wg
npog to B, onote o 6pog 3cos?O - 1 yivetat 0 6tav O = 54,74° .

1. AutoAwr) aAAnAsntidpacn
H XaptAtoviavni Tou spin Umopel va eTmeKTaOel wote va €xeL
KoL XWPLKA EE0LPTWHEVOUCG OPOUC WG

A Uo Vj Vk-h AA A A A A
k) = A+B+C+D+E+F
Ak 4t <rdy> ( )

A= Rjk (1-3605219}szsz

B = if—k (1-3cos® 3 )(lid- +1jdk+)

Mmoo

Movov 0 0poc A €XEL Ll TIPAYULOTIKA cuvelodopad yla {euyn
ETEPOTIUPNVIKWV spin evw ol A kol B €xouv ouvelopopEc yLa
{eVyn OMOTIUPNVLKWV spin.
2e éva Selypa okovne otepeov, KAOE spin eiva oculevypévo
ME AAAO spin Kot ot SUTOALKEG culeVEeLg SleupUvouy Ta
oHHoTa, EVW 0To SLAAUp Ta popLa avamnpooavatoAilovrtal
ypriyopa Kat oL TUPAVEG atcOdavovtal tov HEcOo 0O TOU
XWPLKOU THAPATOC TG SUMOAIKAC aAAnAenidpaong <3cos?0 -
1> 0€ OAOUC TOUG TPOCOLVOTOALGOUC.

O puOpAC eplotpodnC MPETEL va eival HEPIKEG Sekadeg kHz
Llo0G | LEyaAUTEPOG UE TO XPOVO TG aAAnAsnidpaong yia va
dbEpvel Tov HECO OPO TNG, OTO UNOEV.

U =54.74°

/\tﬂ\r“ = 10 = 100 s
H- ;'*:: )

+
H)

1

35 kHz
0.5[

0 10 20 30 4095 80 70 80 90

ZNMUELWTEOD OTL KAl OL
OAANAETILOPAOELG TNG
TIPOACTILON G TOU UPAVA £XOUV
oV 0po <3cos?%0 -1>



2. H otafepd mpoaomiong Kot n avicotpomn XnKikn 3. O teTpamoAkéC aAANAETUO PAOELS

HETATOTON
H XNk petatomnion eaptatal oo Tov IPocoVOTOALONO OL teTpartoAkol MUPAVEG £XOUV spin > 1/2 Kot CUUMUETPN
EVOC popiou KOOWGE TOL LOPLOKA TPOXLAKA KOl ) GUMHUETPLA TOU KOLTOLVOL} TWV VOUKAEOViWV OV 08nyeil o pia pn odatplkn
urtayopeVOUV To HEYEDOCG TV cuVTEAECTWYV NtpoaoTiong (o). KOLTOLVOMLA TOU NAEKTPLKOU ¢opTtiov.
A B C D
2dalplk CURUETPLAL. J J ‘ ,
H { To o eival mapopolo |
| | o€ OMEC TLG =0 1= -
Qg I SLEUBUVOELC Ot teTpantoALkég AAANAENLOPAGELG HITOPOUV Vo YpadoUV wG
H H A 10 aOpolopa AAANAEMLOPACEWV MPWTNG KAl SEVTEPNC
Mn a§ovikn taénc. H mpwtng ta&ng dev £xouv onpavtiki enidpaon oto
\ ouppETpiaL. KEVTPLKO oo NMR evw ol deUtepnc taénc pndevilovrau
q q ,.f"l \ To o sival oTLG pileg Tou P4
N,/ / \ SLadopETKO KL OTLG
/ = ;' '| Tpeic SlevBuvosLc. e P
o \H _ - a. \;'\-- ause" sz 70E12°
ﬁl AfoviK cuppETpiaL. ot N\ ";l'-!’.f(ws(e)lé i
‘l". To o ylvetal péyloto p.(cos(e',}\i E 47 ]
| '\\ OTav TO HOpLo Eival 0 “I\ —+
H—C=C—H | S mapdMnlo oto Bo kau N
— ~ e\dyloto otav eival 0% 10 20 30 % 50 60 10 80 90

KaBeto



Napadsiypa 17Sn MAS NMR

-167 ppm

8 kHz

3 kHz

17Sn NMR
5'CMP-Et,SnCl,
stat_ic spectrum

e

50 0 -50 -100 -150 -200 ppm

A. Garoufis et al. Eur. J. Inorg. Chem. 2000, 513-522

Tpomol ywa va eAaxtotonotnfouv ot
aviootponeg aAAnAemidpacelg kot va auénosi
0 Adyog S/N :

* [Meplotpodn oTNn HayLkn ywvia

* Apaiwon

*  AkoAouBieg MOAAATAWVY TTOARWV
e Cross Polarization.

To NMR otepedc karaotaonc Bpiokel epappoyn os:
OpPYOVIKEG KoL AVOPYOVEC EVWOELG, {EOALOOUC, pLecOTOPWEN Kol HLKpoTtopwén
otepPeQ, apythonupttikd/pwodoplkd opuKta, BLOAOYIKA LOPLA, TOLHEVTA,
yuaAwd, npoiovra dtatpodnc, VA0, KEPALLKA, 00TA. NHLAYwWYoUC, LETAAAQ Kal
Kpapota, opxatoAoyikad deiypata, moAvpuepn, pNTived.

Kopeouévol avIpaKkss Kot Aiyol akopeoTol

Kopeougvol avipakss AiyoL akdpeoTol Kot
amouoia kapBovulikwv

KapBovulikoi (nAektpiio o€U)

220 200 180 160 140 120 100 80 60 40 20
(ppm)

200 160 120

13C ssNMR (Baltic) 13C ssNMR (Spain)

pntivn anoé ayyysiéonepua Kol avoeopa QuTd
pnrtivn aro apokapieg
m—  PITiVI) ATT0 MEUKQ KOl KUTTOPiOOLO

— PNTIV) QO Yuyavon

KOPEOUEVOL Kol OPKETOL AKOPEOTOL AVIPAKES

KOPEOUEVOL AVEPaKES

20 0

220 200 180 160 140 120 100 80 60 40 20 O 220 200 180 160 140 120 100 80 60 40
(ppm) (ppm)
3¢ ss NMR (Indonesia) 3¢ ssNMR (Uruguay)



EYXAPIZTQ THN KOZMHTEIA
THZ ZXOAHZ INA THN MPOZKAHZH
&

OAOQOYZ E2ZAZ A THN YNOMONH KAl
THN NMPOZOXH zZAzZ!

NMR rotor

\

Magic-angle spinning



