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THE ELECTROMAGNETIC SPECTRUM

Wavelength
(in meters}

Size of a
wa'l.re|en91:h

Cormamiain
nama of wave

Solrces

Frequency
{waves per
secand)

Emeray of
one photon
{electron volts)

]GI-:F 'H:I-ﬂ ]0—'5 '||:|-1'| '”}-? 'H:I-I:!- 'H:I-El '”:l-ll.'l II::I'” '“:I.-‘I.:'
| | | | | | | |
Py i E.!‘ shorter
This Period la,__@.l I [ Fa
el ek Vi Probein Wisber BAokeoik=
IMFEAREL = LUILTRAWHILET THARLY X EAYS
BAICR W AVES . LT M EAYS apdbta, BAYS |
E i =
FhA Radio MHF—HM Raadar Badinsctive
Lighi Bl - T
Y g Thee ALS o s
] ] ] ] ] ] ]
]l::l” 'Il::ll.;" ]l::ll:!' 'Il::llﬂ ]EIIJ;' 'Il::lll': ][:II'? ]l::IIE '“::Il'} '“::I.;'L'l
—_—
higher
| | | | | | | |
'H:I-.:I 'HT.:' -I I::l-'l 1 1 |:|'1 l'::l':l '”:I:I 1 I}l‘-l- 'I'::I:I 1 I}l!'l

01/11/2022

Karel Kubicek




01/11/2022

Krystalova mfizka plUsobi na rentgenové zareni jako opticka mrizka na viditelné
svetlo. Nastavaji ohyboveé jevy a na stinitku se objevuje difrakcni obrazec. Tyto
obrazce mohou byt matematicky analyzovany, aby se ziskala informace o

rozloZeni elektrond v molekulach tvoricich krystal.
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Krystalogram B-DNA ziskany v r. 1952 Rosalindou E. Franklinovou, na
jehoz zakladé Watson a Crick navrhli dvouSroubovicovy model struktury
DNA. C. & W. dostali v r.1962 spolec¢né s Mauricem Hugh Frederick
Wilkinsem NC za fyziologii a medicinu ,za jejich objevy tykajici se
molekularni struktury nukleovych kyselin a jejich vyznamu pfi prenosu
informaci v zivych organizmech®
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http://www.mun.ca/biology/scarr/4241/W&Cxraypic.html
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Fig.2 Principle of the geometrical construction of the hyperbolic laver lines in the X-ray

diffraction pattern of a linear array of point scatterers (dark circles) with period P. ES: Ewald

Sphere; LP: Layer Planes; S: observation Screen; LL: Layer Lines. The shaded regions are
011 5Q1ES whose intersections by the screen geneyate the layer lines.
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P2. A set of equidistant slits rotated clockwise diffracts light along regularly spaced layer lines.
The band of maximal intensities is perpendicular to the slits (thin dotted lines).

P3. A set of equidistant slits rotated anti clockwise diffracts light along regularly spaced layer
lines. The band of maximal intensities is perpendicular to the slits (thin dotted lines).

P4. A zigzag motif diffracts light to form a Saint Andrew cross. The arms of the cross are
perpéndiéular to the zigzagging slits (thin dottedifes).
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P5

P5. 4 zigzag double slit motif diffracts light along regularly spaced layer lines. The motifs are
arranged on a regular 2-D lattice on panel P5 of the slide, resulting in a spotty diffraction
pattern. The maximal diffracted intensities define a Saint Andrew cross whose arms are
perpendicular to the slits (thin dotted lines). The cross arms are clearly visible only at high-I
layer lines (see text). The two reduced patterns on the right reproduce P4 (upper right) and P5
lower right) for comparison. Notice the modulation of the arms of the Saint Andrew cross of

01/11/206 : ) ) arel icek
the double slit motif (lower right).
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P7. Two coaxial sinusoidal motifs with different amplitudes. The intensities diffracted by the
small sine wave fall within the east and west angles of the Saint Andrew cross of the large sine
wave. There is no intensity diffracted in the meridian angles of the large sine wave cross.

P8. A motif with two out-of-phase sine waves. Note that the true period of the motif is half the
sine wave period. The layer line spacing is doubled as compared to the spacing of a single sine
wave.

12

VI . ar igek . . . .
PY’ i%zzmﬂrgf with two sine waves separated bﬁa‘ 3P/8 Note the extinction of the 4" layer lines.
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P10

P10. Diffraction by an atomic sinusoidal motif. Note the diamond pattern (dotted lines) and the
01 1 2022 arel Kubicek 13
absence’of intensity in the meridian diamonds'
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Fig. 3

Fig.3 Computer simulated pattern of X-ray diffraction by a phosphorus helix of period P,
radius v and atomic repeat p, (see Table I for the leading Bessel contributions). Notice the
central St Andrew’s cross, the Bessel oscillations along the laver lines and the diamond pattern
(highlighted by broken lines) with nearly empty North and South diamonds. The structural
parameters of the helix (P, r, p,) are readable from the geomeltrical parameters of the pattern

(27/P, a, 27/pa).

01/11/2022 Karel Kubicek

14



01/11/2022

(b) B-DNA
Fig.4

Fig.4 The historic X-ray fibre diffraction patterns (a) of A-DNA and (b) of B-DNA plotted on
the same scale. The 8" layer line of pattern (a) occurs at about the 10™ layer line of pattern (b)

reflecting a 20% increase in the DNA helix ﬁ(ﬁﬁig The A-DNA pattern shows crystalline spots
on the first few layer lines.
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P11. Optical simulation of the X-ray diffraction by an A-DNA fibre. The motif on the left is
arranged on a 2-D lattice in panel P11 of the slide. The strong features on the 6 to & " layer
lines of both the X-ray picture and the simulated pattern arise from the inclined base pairs
seen edge on and forming a zigzagging double slit grating. (compare with P3).

P12. Optical simulation of the X-ray diffraction by a B-DNA fibre. The strong streaks on the

10™ layer lines of both the X-ray picture and the simulated pattern arise from the horizontal
base pairs seen edge on.
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ABSORBANCE
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X-ray photon

I=1, exp(-px)
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X-Ray Absorption Spectroscopy

Met 110

Norm. flucrescence
o o o a
W by -

K*(K)

Cu(l)DR1885 AE=-10.3 eV
Ligand r(A) 252.103(A2) R-exafs ¢(fit index)

Fit1 (1shell) 25 2.299  4(1) 0.446 049

Fit2 (1shell)  3S 2.301  9(1) 0.403 0.41 C
Fit3 (2shells) 3S 2.300 8(1) 0.334 0.29
INS  1.982 4(1)
Fit4 (2shells) 3S 2.303 8(1) 0.305 0.27 -
IN*  1.999 7(2)
§ no MS *His, MS

01/11/2022 Karel Kubicek 18



SAXS — Small Angle X-ray Scattering (RTG rozptyl pod malym thlem)

Terminology

1) X-ray — diffraction / scattering

2) XS - X-ray scattering

3) SAXS/WAXS - Small/Wide Angle X-ray Scattering

4) SANS - e Y e Neutron ---"---

A) Otto Kratky (1902, Vienna-1995, Graz)
B) Ginter Porod (1919 near Villach, 1984 Graz)
C) Dmitril. Svergun

1)  Scattering

Il) Scattering curve

lIl) Guinier plot

IV) PDF (Pair-distribution function)

a) Bead model
b) Bead model - / SAXS - envelope
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Experimental setup

Collimated X-ray beam  Sample

—:’— - < I X-ray detector

X-ray SAXS
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(very tiny) bit of theory

q

X-ray detector

q=2k.sin0® => q/2/k=sin0,

=21/ - q=4n/A.sin0

Often g is denoted as s

Karel Kubicek
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15t step: scattering to scattering curve

Scattering curve
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What can we learn from the scattering curve:

1) Shape of the studied molecule Resolution, nm

2.00 1.00 0.67 0.50 0.33

2) Fold

3) Secondary structure

gl

Fold

Secondary
structure
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All information from the scattering curve together
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Bead model
Spherical harmonics problem to be solved

co
Om
Qw

Full intensity
L=0

1]

T
L8 I o R N

Karel Kubicek

25



Evaluation of the experimental data

10-Dec-2011 16116112

Droi 0,075 Rai 1,460 RGE; 10,53 ROT: 10,22 Vol 406476, Chii 1,472

g8

lal

15 b

] 01 0.2 0.3 0.4 0.5

POB fils: Cidodo Dats fils: cid.008.dat wipiTsin(th)/lebds
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