Chemické zmény v diisledku ozareni - radia¢ni chemie a fotochemie

Anotace: Jak ionizujici zareni, tak ultrafialové zareni vyvolavaji v roztocich chemické zmény, napriklad vznik vysoce reaktivnich
OH radikalii v diisledkii ozdarenti vodnych roztokit rentgenovym zdienim. Tyto radikaly, jez mimo jiné prispivaji k poSkozeni Zivych
tkani a DNA, budou studenti sledovat pomoci jednoduchého chemického senzoru, kyseliny benzoové, z niz zachycenim OH

radikalii vznika silné luminiskujici kyselina salicylova.

Synopsis: Both ionizing radiation (e.g. X-ray beam) and UV light cause chemical reactions in irradiated aqueous solutions,
producing reactive radicals such as OH that can damage DNA and other cellular structures. The students will observe generation
of OH radicals through a simple chemical sensor (benzoic acid) that reacts with OH radicals to form a highly luminescent

salicylic acid.

Interakce zafeni s vodnymi roztoky ma
velky vyznam zejména kvili potencialu
narusit zivotni funkce organismu, tkani ¢i
bunék. Pro tyto ucely se také cilen¢ vyuziva
napt. pifi radioterapii pro zmenSeni ¢i
likvidaci nadorové tkan¢. Absorpci zareni
v zivé hmot¢ dochazi k poskozeni DNA, a
to bud’ pfimo (napf. interakci tvrdého UV
zéieni s bazemi DNA), anebo nepfimo —
chemickymi reakcemi s nestalymi radikaly
¢i ionty vytvofenymi zafenim z vody,
zejména s hydroxylovym radikédlem OH.

Effects of radiation on aqueous solutions
have a great importance due to their
capability to disrupt the vital functions of
organisms, tissue or cells. They are used
purposely in radiotherapy to reduce volume
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of tumours or destroy the cancer cells. Absorption of radiation in biological systems leads to DNA damage,
either directly (e.g. by interaction of UV-C with DNA bases), or indirectly — by chemical reactions of
unstable radicals or ions generated by interaction of radiation with water, mainly the hydroxyl radical OH.

0 @) OH
OH # OH

OH radikal reaguje s prostiedim velmi rychle a jeho
méfeni je bez komplikovanych piistroji mozné jen
pomoci stabilnich produktti jeho reakci s vhodnou
chemickou latkou. Aromatické karboxylové kyseliny
jako kyselina benzoova ¢i kyselina tereftalova reaguji s
OH radikalem za vzniku aduktu, ktery se v okysli¢eném
prosttedi pfeméni na hydroxylované karboxylové
kyseliny. Z kyseliny benzoové tak vznikaji kyseliny 2-,

3- a 4-hydroxybenzoové, z nichz se velmi snadno méfi kyselina salicylova (2-hydroxybenzoova) diky své
intenzivni luminiscenci — schopnosti vyzafovat modré svétlo pfi osvitu UV zafenim.

The OH radical quickly reacts with the surrounding
compounds and its detection can be accomplished
either by complicated and expensive instruments, or
by observing stable products of its reaction with
suitable chemical compound. Aromatic carboxylic
acids such as benzoic acid or terephtalic acid are able
to capture OH radical and form an adduct that
transforms in the presence of oxygen into
hydroxylated carboxylic acids. From benzoic acid, the
2-, 3-, and 4-hydroxybenzoic acids are formed; among
those, the salicylic acid (2-hydroxybenzoic acid) is
easily measurable because of its intense luminescence
— emission of blue light when illuminated by UV light.

Meg¢fteni luminiscence kapalin je mozné provadét ve
spektrofluorimetru (obrazek vpravo), v némz se svétlo
vykonné lampy rozlozi na difrakéni mfizce na
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jednotlivé vinové délky, vybere se vhodna excitacni vinova délka a tou se vzorek ozafi. Luminiscenc¢ni latka
V kapaliné excitacni zafeni pohlti a vyzaii svétlo o delsi vlnové délce. Emitované zafeni se pak dalsi
difrakéni mfizkou rozlozi na jednotlivé vinové délky, z nichz se emisni spektrum sklada, a zméfi se jejich
zastoupeni. Poloha a tvar spektra jsou typické pro danou latku, zatimco intenzita emise (pocet zméfenych
fotonti v maximu spektra) udava koncentraci dané latky.

Fluorescence of liquid samples can be investigated using a spectrofluorometer (see diagram above), in
which the light from a powerful lamp is separated on a diffraction grating, a suitable excitation wavelength
is selected, and illuminates the liquid sample. The luminescent compounds in the liquid absorb the light and
emit light with a longer wavelength. The emitted light is separated into individual wavelengths using the
emission diffraction grating and their relative intensity is then measured. The position and shape of the
emission spectrum is typical for a given compound, while the intensity (the amount of photons detected
within the emission maximum) is proportional to its concentration.

Ukol: Pfipravte vodny roztok kyseliny benzoové a ozafujte jej po riiznou dobu svazkem rentgenového
zéreni. Jako porovnani ptipravte i roztok obsahujici kromé kyseliny benzoové 1 alkohol jako vychytava¢ OH
radikali a ozafujte jej za stejnych podminek. V obou roztocich pak sledujte mnozstvi vzniklé kyseliny
salicylové pomoci méteni luminiscence pii excitaci vinovou délkou 295 nm.

Task: Prepare aqueous solution of benzoic acid and irradiate it with an intense X-ray beam for varying time
intervals. For comparison, prepare aqueous solution containing not only benzoic acid, but also an OH radical
scavenger such as alcohol, and irradiate it together with the previous solution. Afterwards, observe the
formation of salicylic acid using photoluminescence with excitation wavelength of 295 nm.
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