
Poglavlje 24: ugljeni hidrati
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Fotosinteza: skladištenje energije

6 CO2 + 6 H2O C6(H2O)6 + 6 O2
Sunce, hlorofil

metabolizam glukoza
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Universal
Land plants

hlorofil 3% do 6% sunčevog zračenja je 
iskorišćeno za hemijsku 
konverziju H2O (oksidacija do O2) 
i CO2 (redukcija do glukoze). 

Hemijski fakultet

Presenter Notes
Presentation Notes
Chlorophyll and photosynthesisIn plant photosynthesis, incoming light is absorbed by chlorophyll and other accessory pigments in the antenna complexes of photosystem I and photosystem II. The antenna pigments are predominantly chlorophyll a, chlorophyll b and carotenoids; their absorption spectra are non-overlapping, this serves to broaden the specific bandwidths of light these individual compounds absorb during the process of photosynthesis. The carotenoids also play a role as antioxidants, and serve to reduce photo-oxidative damage to chlorophyll molecules.Each antenna complex has between 250 and 400 pigment molecules, and the energy they absorb is shuttled by resonance energy transfer to a specialized chlorophyll a at the reaction center of each photosystem. When either of the two chorophyll a molecules at the reaction center absorb energy, an electron is excited and transferred to an electron-acceptor molecule, leaving an electron hole in the donor chlorophyll. In a poorly-understood reaction, electrons from water molecules participate in an oxidiation reaction, where the hole from the donor chlorophyll is filled (recombined with another electron), and diatomic oxygen is produced. Resulting chemical energy originating from the initial excited electron is eventually captured in the form of ATP and NADPH, and is then ultimately used to convert carbon dioxide (CO2) to carbohydrates. This CO2 fixation process results in the conversion (or an integrated external quantum efficiency) of 3% to 6% of the total incident solar radiation, with a theoretical maximum efficiency of 11%. [1][edit]Special pairThe photosystem reaction centers consist of a "special pair" of chlorophyll a molecules that are characterised by their specific absorption maximum. The special pair in photosystem I are designated P700, and those from photosystem II are designated P680. The P is short for pigment, and the number is the specific absorption peak in nanometers for the chlorophyll molecules in each reaction center.Chlorophyll a is common to all eukaryotic photosynthetic organisms, and, due to its central role in the reaction center, is essential for photosynthesis. The accessory pigments such as chlorophyll b and carotenoids are not essential. Some algae, such as brown algae and diatoms, use chlorophyll c as a substitute for chlorophyll b. Historically, red algae have been assumed to have chlorophyll d, although it could not be isolated from all species. This puzzle has recently been resolved, since the chlorophyll d is actually from an epiphytic cyanobacterium (Acaryochloris marina) that lives on the red algae. These cyanobacteria have a ratio of chlorophyll d: chlorophyll a of approximately 30:1, and represent a rare example of a photosystem with chlorophyll d at the reaction center of the photosystem. All other known eukaryotes and cyanobacteria use chlorophyll a.Other chemical variations of chlorophyll are found in photosynthetic bacteria, other than cyanobacteria. Purple bacteria use bacteriochlorophyll, which absorbs infrared light between 800nm - 1000nm, and the green sulphur bacteria chlorobium chlorophyll.



Ugljeni hidrati = Cn(H2O)n

Ugljeni hidrati u prirodi:
Struktura: celuloza
Energija: skrob
Informacija: nukleinske
kiseline

Hidratisani ugljenik

D-glukoza
(2R,3S,4R,5R)-2,3,4,5,6-pentahidroksiheksanal

Slatkoća-subjektivno merilo ukusa
Lestvica slatkoće

laktoza 0.2
maltoza 0.4
D-glukoza 0.7
saharoza 1
D-fruktoza 1.7
Na-saharin 500
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Nomenklatura
Najjednostavniji ugljeni hidrati su šećeri ili saharidi. 
Monosaharid ili prosti šećer je neki aldehid i keton koji sadrži 
najmanje dve hidroksilne grupe (polihidroksialdehidi i 
polihidroksiketoni). Kompleksni šećeri (oligomeri) nastaju 
vezivanjem prostih šećera etarskim vezama.

Najjednostavniji 
šećeri C3(H2O)3: 

2,3-Dihidroksipropanal
(Gliceraldehid)

aldotrioza

1,3-Dihidroksiaceton
ketotrioza

Dužina lanca: Trioze, tetroze, pentoze, heksoze etc.

hiralan

*
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Značajni monosaharidi:

dekstroza, krvni šećer, 
grožđani šećer

Najslađi prirodni šečer; 
nalazi se uvoću i medu

ulazi u sastav 
ribonukleinska kiselina

4 Stereo-
centra

3 Stereo-
centra

*
*
*
*

*
*
*

*
*
*
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Fischer-ove projekcije:

CH3 CH2CH3

H

Br

Isti molekul može se prikazatu pomoću više Fischer-
ovih projekcionih formula

Br H
CCH3 CH2CH3

H

Br

Podsećanje na pravila:
nema promene stereohemije
a) rotacijom molekula za 180º,
b) kada tri supstituenta 

međusobno zamene mesta 
c) kada dva supstituenta u paru 

zamene mesta.

CH3

CH2CH3
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Br
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Skoro svi šećeri su hiralni i optički aktivni.
Najjednostavniji slučaj je sa jednim asimetričnim 
ugljenikovim atomom:

Skoro svi prirodni šećeri imaju imaju apsolutnu konfiguraciju na 
stereocentru najudaljenijem od karbonila kao D-gliceraldehid:
“D-šećeri”

D i    L je starija nomenklatura (relativna konfiguracija u odnosu na 
gliceraldehid). Dekstrotatorni enantiomer je D a levorotatorni je L. D 
odgovara R, a L odgovara S apsolutnoj konfiguraciji.

Hemijski fakultet



D-Treoza L-TreozaD-Eritroza L-Eritroza

Standardno prikazivanje 
Fischer-ovih struktura: 
Karbonilna grupa je 
navrhu, a OH grupa na 
najudaljenijem 
hiralnom ugljeniku kod 
D šećera se nalazi sa 
desne strane.

Hemijski fakultet



Familija prirodnih aldoza

Hemijski fakultet

alo-altro-gluko-mano-gulo-ido-galakto-talo



Familija prirodnih ketoza
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Fischer-ove projekcione formule naspram klinastih formula

Podsećanje: Fischer-ove 
projekcije su nerealni 
molekulski modeli: molekul 
je predstavljen u sve-
eklipsnoj konformaciji. 
Ugljenični lanac je 
zakrivljen.

D-Glukoza

Hemijski fakultet



Petočlani 
prsten

Šestočlani 
prsten

D-glukopiranoza
(stabilnija)

Hemijski fakultet
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Izomerija na anomernom ugljeniku
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Haworth-ove strukture
Grupe koje se nalaze desno u Fischer-ovoj projekcionoj 
formuli, u Haworth-ovoj formuli usmerene su na dole.

Anomerni ugljenik: kod α-anomera OH grupa je usmerena na 
dole, kod β-anomera OH grupa je usmerena na gore.

Hemijski fakultet



Ostali načini za prikazivanje cikličnih struktura:

Nisu atomi 
ugljenika!!!

Hemijski fakultet



Konformacije koverte i stolice:

Mutarotacija: Promena optičke rotacije do koje dolazi kada se 
šećer uravnotežuje sa svojim anomerom.

Anomerni
ugljenik

Anomerni
ugljenik

OH na dole: α-anomer; OH na gore: β-anomer; 
stabilniji jer su svi supstituenti u 

ekvatorijalnom položaju

α-D-glukopiranoza
(2S,3R,4S,5S,6R)-6-(hidroksimetil)-tetrahidro-2H-piran-2,3,4,5-tetraol
β-D-glukopiranoza
(2R,3R,4S,5S,6R)-6-(hidroksimetil)-tetrahidro-2H-piran-2,3,4,5-tetraol

Hemijski fakultet



Reakcije šećera
1. Oksidacija
a. CHO  COOH (aldoza  aldonska kiselina)

b. α-Hidroksi grupa ketoza 
α-dikarbonilna jedinjenja

Test za redukujuće šećere; svi monosaharidi su redukujući šećeri!Hemijski fakultet



Dobijanje preparativnih količina aldonskih kiselina: Br2, H2O

Dehidratacijom dolazi do laktonizacije (obično se dobijaju petočlani 
γ-laktoni).

Mehanizam oksidacije sa bromom:
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Epimerizacija glukoze u baznoj sredini



c. Oksidacijom oba kraja aldoza nastaje aldarna kiselina

RCH

O
H2O, HO-NO2
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:: : RCOH   +  HO-NO

O

Mehanizam:

Azotasta kiselina
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Oksidacijom nekih šećera dobijaju se mezo (ahiralne) aldarne 
kiseline. To se može iskoristiti za utvrđivanje stereohemije.

D-(+)-Aloza Aldarna kiselina (mezo)

CHO

OHH

OHH

OHH

OHH

CH2OH

COOH

OHH

OHH

OHH

OHH

COOH

HNO3 Ogledalska ravan

Jasna simetrija u 13C NMR-u:

6 pikova 3 pika
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d. Oksidativno raskidanje šećera sa HIO4

Pomoću ovog reagensa 
vicinalni dioli se 
raskidaju i nastaju dve 
karbonilne grupe

Hemijski fakultet



Podsećanje: oksidacija alkena sa OsO4 pri čemi nastaju 
vicinalni dioli (cepa se „pola“ dvostruke veze).

HIO4 r radi isto samo na prostoj vezi (koja sadrži OH–grupe)

Slično je i benzilna oksidacija alkilbenzena do benzen-
karboksilnih kiselina pomoću baznog KMnO4. O

Mn
O

O:: :O K
Hemijski fakultet



• raskidanje C-C veze:
OH O OH

KMnO4 radi odjednom i OsO4-tip i HIO4-tip oksidacije

Hemijski fakultet



Potpuna degradacija šećera na jedinjenja sa jednim 
ugljenikovim atomom.

Važno: Svaki ugljenični fragment zadržava isti broj atoma 
vodonika kao u polaznom šećeru.
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Oksidacija fruktoze sa perjodnom kiselinom:

Hemijski fakultet
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2. Redukcija u alditole

Sorbitol (“sugar alcohol”) se koristi kao veštački 
zaslađivač: energetska vrednost 2.6 cal/g za glucitol
naspram 4 cal/g za obični šećer. Sorbitol se nalazi i u 
voću.

Kao i prilikom oksidacije minosaharida do aldarnih kiselina, i 
prilikom redukcije mogu se dobiti simetrični proizvodi

Hemijski fakultet

http://en.wikipedia.org/wiki/Image:Autumn_Red_peaches.jpg
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3. Kondenzacija karbonilne grupe 
sa derivatima amina



3. Sinteza estara i etara: glikozidi

AcetalHemiacetal

Moguća je selektivna hidroliza acetala!!!
Hemijski fakultet



Zaštitom anomernog ugljenika nema mutarotacije, nema 
oksidacije i nema redukcije.

Nema reakcije na 
običnim etrima!!!

Specifična reaktivnost hemiacetalne i acetalne grupe u hemiji šećera: 
a) selektivna hidroliza acetala i b) selektivno dobijanje acetala-glikozida

Hemijski fakultet



Susedne hidroksilne grupe grade ciklične acetale

Podsećanje:

β-D-Altroza bisacetonid β-D-altroze
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H3C CH3
O

, H+

-CH2OH nije obuhvaćena: 
zbog feksibilnosti 
formiranje acetala je 
entropijski nepovoljno
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4. Kiliani-Fischer produživanje lanca

Lindlar type

Heinrich Kiliani
1855 - 1945

Emil Fischer
1852-1919

Hemijski fakultet
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D-Liksoza D-Taloza D-Galaktoza

+

1. HCN   
2.H2,Pd/BaSO4,
 H2O, H+
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HHO
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OHH
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2S, 3S, 4S, 5R 2R, 3S, 4S, 5R2S, 3S, 4R



5. Ruff-ova degradacija

Fe3+ Fe2+ Fe3+ Fe2+

Hemijski fakultet



Određivanje strukture šećera-
Fischer-ov postupak

1. Produženjem niza nastaju 2 diastereomera
2. Degradacija šećera: 2 diastereomera daju isti 

šečer)
3. Simetrizacija šećera preko aldarnih kiselina 

ili alditola
4. Prepoznavanje stereohemije

Hemijski fakultet
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Fischer-ov postupak za određivanje strukture 
(+)-glukoze

Poznate činjenice:
• Redukcija aldoza u alditole
• Oksidacija monosaharida do aldonskih i aldarnih kiselina
• Teorija o stereohemiji i optičkoj aktivnosti
• Metode za razdvajanje stereoizomera
• Mogla se meriti optička aktivnost
• (+)-Glukoza je jedna od 16 aldoheksoza

OHH

CH2OH

CHO
A. Od 16 mogućih konfiguracija = 8 enantiomernih parova
PROIZVOLJNO je zadržao osam konfiguracija u kojima C-
5 ima OH na desnoj strani
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B. Srodnost između (─)-arabinoze i (+)-glukoze

(─)-arabinoza je jedna od 4 D-aldopentoze, koja 
oksidacijom daje optički aktivnu aldarnu kiselinu
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CH2OH

COOH
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CH2OH

CHO
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C. Kiliani Fischer-ovom sintezom dobijaju se epimeri (+)-glukoza i 
(+)-manoza, koje se razlikuju po konfiguraciji na C-2.
Oksidacijom ovih šećera dobijaju se optički aktivne dikiseline
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Epimeri
glukoza i manoza

HHO

OHH

CH2OH
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OHH

OHH

CH2OH

CHO

optički aktivne dikiseline
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D. (+)-glukoza i još samo jedna od 16 aldoza daje istu 
dikarboksilnu kiselinu a to je (+)-guloza
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(+)-glukoza (+)-guloza 

(+)-manoza (+)-manoza 

rotacija za 180o



Logičko razmišljanje:

Oks
Red Oks

RedAhiral hiralno

Etc. Etc.

Oks
Red

Oks
RedIsto 

jedinjenje
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Isto!D-Arabinoza D-Liksoza

D-Glukarna kiselina D-Gularna kiselina

Enantiomeri
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OHH
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Korealcija D-ketoza preko alditola

Alditoli 
eritroze i 

treoze

Alditoli 
glukoze i 
manoze

Potencijalna 
simetrizacija 

pomaže u 
određivanju 

strukture

Hemijski fakultet
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Reakcije monosaharida

1. Acetilovanje 4. Redukcija

2. Alkilovanje [CH3I/Ag2O; (CH3)2SO4;] 5. Oksidacija do aldonskih kiselina

3. Formiranje glikozida 6. Oksidacija do aldarnih kiselina



Disaharidi
Saharoza: disaharid sastavljen od
glukoze i fruktoze

Etarski most između 
dva anomerna centra: 
Neredukujući šećer

“konzumni šećer”

Potrošnja 
u USA
68 kg po 
osobi!!!!

β-D-fruktofuranozil-α-D-glukopiranozidHemijski fakultet
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[α]D = +66.5

[α]D = -20

Hemijski fakultet



Laktoza (mlečni šećer)
Nalazi se u ljudskom mleku i mleku 
najvećeg broja životinja

4-O-(β-D-galaktopiranozil)-α-D-glukopiranoza

Hemijski fakultet
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Etarski most između anomernog C i C4

α

β

Redukujuće!!!

4-O-(α-D-glukopiranozil)-β-D-glukopiranoza

C4

Maltoza: sladni šećer

C1
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Mutarotacija maltoze
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4-O-(β-D-glukopiranozil)-β-D-glukopiranoza

DISAHARIDI
β-maltoza

β-celobioza

α-laktoza



Celuloza: poli β-glukopiranozid

Molekulska težina 500,000 (~3000 
monomernih jedinica)
1 jedinica = 178 molekulska težina. 
Materijla iskorišćen u izgradnji ćelijskog 
zida: kruta struktura usled velikog broja 
vodoničnih veza.

Hemijski fakultet



Nitroceluloza: Eksploziv
Glavna komponenta bezdimnog baruta    (guncotton); 
korišćen u fotografiji za filmove.

Christian F. Schönbein
1799-1868

Henri Braconnot: 
1832: HNO3 + 
štirak
Théophile-Jules 
Pelouze:
1838: HNO3 + 
papir

Hemijski fakultet

Presenter Notes
Presentation Notes
NitrocelluloseFrom Wikipedia, the free encyclopediaJump to: navigation, searchNitrocellulose (Cellulose nitrate, guncotton, flash paper) is a highly flammable compound formed by nitrating cellulose (e.g. through exposure to nitric acid or powerful nitrating agent). This compound, when used as a propellant or low order explosive, was known as guncotton.Contents[hide]1 Uses 1.1 Guncotton 1.2 Nitrate Film 1.3 Other uses 2 See also 3 External links [edit]UsesNitrocellulose is a major component of smokeless gunpowder (also see the section on guncotton below). Photographic film Nitrocellulose membrane or nitrocellulose paper is a sticky membrane used for Western blots and immobilizing DNA. It is also used for immobilization of proteins, due to its non-specific affinity for amino acids. Nitrocellulose is widely used as support in diagnostic tests where antigen-antibody binding occur, e.g. pregnancy tests, U-Albumin tests and CRP. When dissolved in ether or other organic solvents, the solution is called collodion, which has been used as a wound dressing and carrier of topical medications since the U.S. Civil War. To this day it is used in Compound W Wart Remover as a carrier of salicylic acid, the active ingredient. Collodion was also used as the carrier for silver salts in some very early photographic emulsions, particularly spread in thin layers on glass plates. Magician's "flash paper", sheets of paper or cloth made from nitrocellulose, which burn almost instantly, with a bright flash, and leave no ash. Nail polish Radon tests for alpha track etches [edit]GuncottonHenri Braconnot, a French chemist, discovered in 1832 that nitric acid, when combined with starch or wood fibers, would produce a lightweight combustible explosive material which he named Xyloïdine. A few years later in 1838 another French chemist Théophile-Jules Pelouze (teacher of Ascanio Sobrero and Alfred Nobel) treated paper and cardboard in the same way. He obtained a similar material he called Nitramidine . Both of these substances were highly unstable, and were not practical explosives.However, Christian Friedrich Schönbein, a German-Swiss chemist, discovered a more practical solution around 1846. He was working in the kitchen at his home in Basle when he spilled a bottle of concentrated nitric acid on the kitchen table. Immediately he reached for the nearest cloth, a cotton apron, and wiped it up. He hung the apron on the stove door to dry, and as soon as it dried there was a flash as the apron exploded. His preparation method was the first to be widely imitated - one part of fine cotton wool to be immersed in fifteen parts of an equal mix of sulfuric and nitric acids. After two minutes the cotton was removed and placed in cold water and washed to set the esterification level and remove all acid residue. It was then slowly dried at a temperature of less than 100°C.The process uses the nitric acid to convert the cellulose into cellulose nitrate and water:HNO3+ C6H10O5 ---> C6H8(NO2)2O5 + H2O.�The sulfuric acid is present to prevent the water produced in the reaction from diluting the concentrated nitric acid.The power of guncotton meant that it was adopted for blasting. As a projectile force, it has around six times the gas generation of an equal volume of black powder and produces less smoke and less heating. However the sensitivity of the material during production led to the British, Prussians and French discontinuing manufacture within a year.Jules Verne viewed the development of guncotton with optimism. He referred to the substance several times in his novels including From the Earth to the Moon where guncotton was used to launch a projectile into space.Further research indicated that the key was the very careful preparation of the cotton: unless it was very well cleaned and dried it was liable to explode spontaneously. The British, led by Frederick Augustus Abel, also developed a much lengthier manufacturing process, with the washing and drying times each extended to 48 hours and repeated eight times over. The acid mixture was also changed to two parts sulfuric acid to one part nitric acid.Guncotton remained useful only for limited applications. For firearms, a more stable and slower burning mixture would be needed. Guncotton-like preparations were eventually prepared for this role, known at the time as smokeless powder.Guncotton, dissolved at approximately 25% in acetone, forms a lacquer used in preliminary stages of wood finishing to develop a hard finish with a deep lustre. It is normally the first coat applied, sanded, and followed by other coatings that bond to it.[edit]Nitrate FilmNitrocellulose was used as the first flexible film base, beginning with Eastman Kodak products in August, 1889. Camphor is used as plasticizer for nitrocellulose film. It was used until 1933 for X-ray films (where its flammability hazard was most acute) and for motion picture film until 1951. It was replaced by safety film with an acetate base.The use of nitrocellulose film for motion pictures led to a widespread requirement for fireproof projection rooms with wall coverings made of asbestos. Famously, the US Navy shot a training film for projectionists which included footage of a controlled ignition of a reel of nitrate film which continued to burn even when fully submerged in water. Due to public safety precautions, the London Underground forbade transport of nitrate films on its system until well past the introduction of safety film. A cinema fire caused by ignition of nitrocellulose film stock (foreshadowed by an earlier small fire) was a central plot element in the Italian film Cinema Paradiso. Today nitrate film projection is usually highly regulated and requires extensive precautionary measures including extra projectionist health and safety training. Additionally, projectors certified to run nitrate films have many containment stategies in effect. Among them, this includes the chambering of both the feed and takeup reels in thick metal covers with small slits to allow the film to run through. Furthermore, the projector is modified to accommodate several fire extinguishers with nozzles all aimed directly at the film gate; the extinguishers automatically trigger if a piece of flammable fabric placed near the gate starts to burn. While this triggering would likely damage or destroy a significant portion of the projection components, it would prevent a devastating fire which almost certainly would cause far greater damage.It was discovered decades later that nitrocellulose gradually decomposes, releasing nitric acid which further catalyses the decomposition (usually into a still-flammable powder or goo). Low temperatures can delay these reactions indefinitely. It is estimated that the great majority of films produced during the early twentieth century were lost forever either through this accelerating, self-catalysed disintegration or studio warehouse fires. Salvaging old films is a major problem for film archivists (see film preservation).Nitrocellulose film base manufactured by Kodak can be identified by the presence of the word Nitrate dark letters between the perforations. Acetate film manufactured during the era when nitrate films were still in use was marked Safety or Safety Film between the perforations dark letters. Letters in white or light colors are print-through from the negative.Color negative film was never manufactured with a nitrate base, nor were 8mm or 16mm motion picture film stocks.[edit]Other usesDepending on the manufacturing process, nitrocellulose is esterified to varying degrees. Table tennis balls and some photographic films have a fairly low esterification level and burn comparatively slowly with some charred residue. 
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Skrob: Poliglukoza sa α–acetalnim vezama

Amiloza

Rezerva hrane u biljkama: kukuruz, 
krompir, pšenica,pirinač.
Hidrolizuje u glukozu (sladak ukus hleba u 
ustima). Dve glavne komponente:

Hemijski fakultet



Amilopektin (račvast uglavnom na C-6)
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Glikogen –izvor energije
Sličan amilopektinu, ali je razgranatiji i 
veći. Služi za deponovanje enrgije kod 
ljudi i životinja.

MW = 100
miliona
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Ugljeni hidrati ćelijskih membrana učestvuju u procesima 
ćelijskog prepoznavanja

Modifikovani šećeri sa azotom
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Hitin: 2-acetamido-2-dezoksi-D-glukoza
poli-β-glukozid, 1,4-glikozidne veze
Ulazi u sastav oklopa insekata i morskih životinja

hitin
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Šećeri značajni za rastvorljivost u vodi: Antraciklin 
za lečenje raka i kao antibiotik

Streptomicin veže se za ribozome, 
pogrešno čitanje genetskih informacijaHemijski fakultet

Antraciklin interkalacija u 
DNA: ubija ćelije tumora

Presenter Notes
Presentation Notes
Streptomycin:Streptomycin is effective against gram-negative bacteria, although it is also used in the treatment of tuberculosis. Streptomycin binds to the 30S ribosome and changes its shape so that it and inhibits protein synthesis by causing a misreading of messenger RNA information.
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2R,3R,4R 2R,3S,4R,5R

Vežbanja za kolokvijum
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Vežba 24-20
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Zadaci za ispit



Hemijski fakultet



Hemijski fakultet



Hemijski fakultet



Hemijski fakultet



Hemijski fakultet



Hemijski fakultet



Hemijski fakultet



Hemijski fakultet



Hemijski fakultet



Hemijski fakultet

Primeri zadataka sa ispita
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