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Resaarch of the mechanism o acetic acid fluorescence quenching
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Abgract : Andysesd the mechanisms o acetic acid emitting fluorescence and fluorescence quenching have been made in
theory. The results indicate thet acetic acid <l utions can emit vighble fluorescence when induced by 253. 7nm UV light , and fluo-
rescence quenching occurs adong with the dteration of lution concertration. It is thought that fluorescence dynamic quenching
process could take into account the intersygem trandtionof (N7t ") to (T T *) , and the quenching congart is cacuated in this
paper. Invedigation on the native fluorescence gpectrum and its characterigicswill cortribute to the gudy of other noleculesfluo-
recence ectra when acetic acid serves as lute, hydrolys's catdyd and food additive.
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Instr uction

Acetic acid has been extendvely gudied as an or-
ganic olvert , where it is mogly used as a hydrolyd's cat-
alys , fluorescence quenching , and food additive , and the
characters of other nolecules fluorescence have been well
dudied when acetic acid serves as an additive. It iswell
known that acetic acid plays an inportant role in oolpo-
soopic diagnodics in order to detect some cervica abror-
malities, making them white and nore roticeable by the
human eye. Zelenchuk sudied about fluorescence gectra
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o freshly excised cervicd tissue and the data in this gudy
from ron-neopladic cervica tissue reveal changes dter the
goplication of acetic acid'*! . Harris research denongrated
that in the case of acetic acid fixation germ visuaization
became easer and could make the difference in fluores
cence ooloration between gperm and cell cytoplasm'?!.

Acetic acid a9 has been well gudied when it serving as
food additive. Acetic acid is a potentia inhibitor of yeast
growth and survival®! . Its inhibition mechani sm was gen-
erally assumed to inwolve the passve diffuson of acetic
acid in its undisciated form across the plasma membrane
o the cdl. And the reason of caudng intracelular acidifi-
cation was that the undisciated acetic acid disociates
because of the higher intracellular pH“*®!. When serving
as fluorescence quenching, acetic acid quenching mechar
nism has been gudied. Grous’ sfound that formal dehyde
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oould emit a grongy fluo-rescence in investigating fl uoro-
metric determination of formal dehyde and fl uorescence was
quenched by acetic acid. Quintero et al . pointed out that
fluorescence dynamic quenching process could represent a
serious inconvenience in andytica fluorimetric techniques
taking into account acetic acid being comnonly used as a
bufer and additional fluorescence quenching by H™ ions
could be involved in acid aqueous mediums®!. But in all
o these qudies, acetic acid was cond dered as a ron-fluo-
recence emisson metter.

Degite an extensve research on acetic acid when
snving as olvent , we have never found any publication
describing acetic acid native fluorescence emisson. The
main reaodn is that acetic acid doesn’ t absorb vishle
light, that isto say, it is optic trangarent within this
wavelength, 9 it has no dfect on other nmo-lecules emit-
ting fluorescence. However , acetic acid can absorb ultrar
violet light ; few researchers gudy whether acetic acid can
emit fluorescence dter absor-bing these UV lights. Alnogt
in dl researcheswhen acetic acid severed as dlvent |, it is
widely moted that fluorescence quenching is caused by
acetic acid with dynamic and datic processes. Therefore,,
it isvery urgent to clarify the fluorescent character and the
mechaniams of acetic acid fluorescence quenching. Inthis
paoer , fluorescence Pectra of acetic acid are invedigated
and the dependence of fluorescence intendty and quenchr
ing phenomeron are presented.

1 Materialsand experimental results

The experimental gpparatus used to obtain the
fluorescence and absorption oectra from different acetic
acid aqueous olutions have been detailed in our earlier
paper’l. All the reagents are with high purity. In the
ectrofluorimetric measurements triply didilled water is
used to dilute the sanple to form different concentration
lutions. Inorder to test fluorescence ectra character of
acetic acid lutions with different concentrations, the
sample is diluted to form from severd thousandths till to
several millionths. Then tegt the fluorescence intendty a-
teration and the degree of fluorescence quenching efect
regectively.

Acoording to our early research , the fluorescence in-
tendgty changes as the sanple concentrations dter , fluo-
rescence quenching occurs in ©me olutions and the fluo-

rescence intendty is © sengtive to the acetic acid concen-
tration that fluorescent quenching occurs now and then.

2 Discussions

Acoording to the experimenta results given albove we
can oconclude that acetic acid is able to radiate fluores
cence when induced by 253. 7nm ultraviolet light. When
the exciting light trangrits through the acetic acid lu-
tion , the energy of exciting light nogly converts fluores
cence photon energy. Acetic acid nolecule enables its
primary fluorophore to absorb the energy of exciting light
and then trander it into fluorescence photon energy.
Based on the principle of fluorescence emisson, acetic
acid nolecule has fluorophore. In analyticad chemidry,
chronophore group is the underse turated part of a
nolecule , which can absorb UV-VISlight and bring elec-
tron trandtions. The chronophore in acetic acid nolecule
is C =0 which has severa types of eectron trangtion
suchas0 @ "TU T n 7T "andn 0 " (See Fg.1).

C (6(0) 0
VAOs delocalized MOs VAOs
To(pz) N
:"T(S')—‘-.\\\
(C2p) T
(C2s) 11

o(p:) t7

(02s) 1t

Fg.1 Deocdized MO energy leve diagramfor C=0
Anpng these energy level trangtions, the n Tt~ , which
isfrom nonbon- ding dectron namely n eectron to anti-
bonding orbital TT * , must absorb the lowest photon ener-
qy. Because electron trandtionsof0 0 * ,n 0 " andTt
7T " mugt aborb exciting light with wavelength less than
200nm , we can conclude that the sanple excited by 253.
7nm UV light results in n T~ eectronic trangtion in
chronophore C = O, that isto say, the n éectrons in
ground gate absorb the photons energy and junp to excit-
ed sate of U~ orhit. In order to return to the ground
date, the ungable eectrons in excited date, losng its
excess energy usudly in the form of heat , trangt to lower
rotational and vibrationa levelsdf excited date , and then
return to the ground date and radiate fluorescence.
Therdfore the wavelength of the emitted fluorescence is
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longer than the exciting light. FHom the diffe- rent lower
levelsof the excited date, the excited dectrons return to
the ground date and emit fluorescence photon with differ-
ent energy , thus the broadening fluorescence pectrum
peak around 395nm.

To undergand the dfect of the quencherson the flu-
orecence of the acetic acid, the data are andyzed con-
vertionally by the Sern-Volmer equation and dynamic
quenching process®!

lo/ 1g = 1+ ke/[ Q] (€]
Where Igand |4 are the unquenched and quenched fluo-
rescence emi sdon intengties repectively ; ks, isthe Sern
Volmer congarts.

Thefird excited snget date of carbonyl cormmpound
is(nTt 7) and in this case the quantum yidld of S; - Ty
intersysem trangtion can be increased. Because n _TU
trandtion is partidly forbidden , the antitrangtion process
ofTt * —nis d® partidly forbidden. As the result , the
life in the firg excited Snget gate(nTt ) islonger than
that in triplet gateT Tt *) and the probahility of intersys
tem trandtion of dnget-triplet is increased. Therdore,
the firg excited snget sates of acetic acid are very easy
to trandorm to triplet and thus fluorescent quenching is
easy to occur. According to the hypothess of condant
dates, the concentration of excited-state nolecule'M
keep unvaried dter being illuminated by excited light ,
and fluorescent quenching process caused by dnget-
triplet trangtion are presented as follows:

M+ly -'M° (aborptionprocess)  (2)
M® oM+ Iy (fluorescence process)  (3)
M® ®M " (intersystem transition) (4)

The concentration*M * with o fluorescent quenching is
deroted as[*M “]°when snget-triplet transtion doesn’ t
occur

la

ki + Kic + ki ke + Zki

— la
ki + Kic
(5)
Where 1,is aborption goeed or nolecule activation creat-
edgeed , ks isfluorescent peed condant , kicand kig are
the condant of inner trandorm and intersysem trangtion
geed. In the case of fluorescent quenching the snget-

[1M *]O -

triplet trans'tion[lkl{jcjs meximel_angd ['M "] is:

ki + kic + Kig ©
k[*™M "1° k['™M "]
#° = | and ¢ == " represert theflwores
a a

cent quantum yied with and without exigence o fluores
cent quenching repectively. Based on the albove rda
tions, they are described as the following equation :

0 _ _ ke
4} - kf + k|c (7)
ok
% = ki + kic + kic 8
The ratio of 4% 4 is described as :
F 4 k+ ket kig Kisc
F™ 0™ ktke Ttk O
It can be obtained from Eq. (6) that the quenching con-
dant kg, is: ki
kS/ S k + k|c (10)

Based on relation (9) , we can calculate the quenching
congants in different concentration series ol utions, which
are and liged intable 1, and it isfound that ks, decreas:
eswith the decrease of the acetic acid slution concentrar

tion.
Tablel kg, of different concentration series

different concentration seies 1072 10°% 1074 10°° 10°°©

ks 1.83 1.46 1.08 1.04 0.76

Based on the reaults shown in the reference [7] , in
dme acetic acid lutions when fluorescence quenching
occurs theratiodf Fo/ F=2.81, (Fy/ F- 1) isequiva
lent to the quenching congants of ks, the concentration
sriesof 10”2, As to the other concentration series the
ratio of (Fo/ F- 1) isds dmilar to the quenching con-
dants kg,. S we can oconclude that the theoretica arithr
metic of kg, coincides with the experimental results.

3 Conclusions

Fom experiment results and above discusion, we
can draw the conclugons:

Acetic acid lutions can absorb 253. 7nm UV light
and emt fluorescence with the peak wavelength at
395nm. Huorescence intendties change with the solution
oconcentrations, and fluorescent quenching occurs
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in oome acetic acid lutions. The quenching mechanism
isowing to dnget-triplet trangtion and ks, of di-fferent
ooncentration series is calculated regectivdy. Even in
very diluent olutions, acetic acid can emit grong fluores
cence. The rean is that acetic acid nole-cules form a
kind of planar and rigd gructure joined by hydrogen bond
and this gructure enhances fluorescent emisson.
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