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ANTIOXIDANT ACTIVITY of RUMEX PATIENTIA L. LEAVES and
ANALYSIS of ITS POLYPHENOL CONTENTS by LC -MS/MS

Derya ALTINTAS *, Yesim YESILOGLU?,

! Trakya University, Arda Vocational @lege, Edirne, Turkey,
deryaaltintas@trakya.edu.tr

% Trakya University, Faculty of Pharmacy, Edirne, Turkey,
yesimyesiloglu@trakya.edu.tr

Abstract

Rumex patientic . i s generally known under the name miy@hdidleafdsado i n T
a significant source of natural antioxidant of ascorbic fid2]. Furthermore, the leaves of tReimexhave an analgesic,
anticancer, antihypertensive, antipyretic and-arftammatory effect43]. The antioxidant and phytochemligaoperties of

Rumex patientid. were examined in this study. The antioxidant and radical scavenging activities of water extract of dried
leaves (WEDL), methanol extract of dried leaves (MEDL), water extract of fresh leaves (WEFL) and methanol extract of
fresh leaves (MEFL) were determined using varimusitro methods including ferric thiocyanate (FTC) method, chelating
capability on F&, ferric ions reducing capacity (FRAPY n d -aZinobid(3-ethylbenzothiazoling-sulfonic acid)
(ABTS.+) scavenging assay. LKBS/MS was used to analyse extracts compounds. Total phenolic and flavonoid contents
were determined as mg of gallic acid equivalent per Rafexpatientia L. extract The results were evaluated in
comparison wi t h a ridcdpleerol; Husylateds hydsoxyanisole gdBHA), Uascorbic acid and butylated
hydroxytoluene (BHT) and data from the similar plant samples in literature. By means of this study, it watedaheltion
account of its rich rutin content, the leaves of this plant could beinsétio pharmacology studies. In conclusion, this study
confirms thaiRumex patienti&. leaves could be used in medicine as a natural antioxidant instead of synttieficlants.

Key Words:Antioxidant; Rumex patientia; L®1S/MS; Radical scavenging; Rutin.

1. Introduction

Free radicals have one uncoupled electron in their outermost orbital and this electron can be more than one
[4]. Oxygen producing radicals composeagtve oxygen species (ROS) such as superoxide and hydroxyl
radical. Singlet oxygen and hydrogen peroxide are-frem radicals. As a result of the increase in ROS,
oxidative stress occurs and this causes the cell damaging in biological systems. RGE tamieny diseases
such as cancer, diabetes, hypertension, cardiovascular digéase®lants and their products have rich
polyphenolic compound and antioxidant poterfl[7]. Therefore, they play a significant role in the ¢8]L

There are appramately 200 species of genBumexall over the world. The leaves of tRemexare used in
traditional medicing3].

In this study, radical scavenging and antioxidant propertieRushex patientid.. were determined with
various analytical methods. Furth@re, one other important feature of this study is the quantites of phenolic
compounds such as quercetin, syringic acid, gallic acid, rutin, protocatechuic acid, abscisic acid, jasmonic acid,
2,5-dihydroxybenzoic acid, caffeic acid, salicylic acid, tré@sulic acid and goumaric acid in WEDL and
WEFL using LGMS/MS.

2. Materials and Methods

2.1. Sample preparation

For water extraction, 25 g of dried and fré&mexpatientialeaves were extracted with boiling water (0)5
for 30 minutes. These extracts weiteefed through filter paper and they were frozen for later use and then were
lyophilized by lyophilizator.For methanol extraction, 25 g of fresh and driRgnexpatientia leaves were
extracted with methanol (0.5 L) by magnetic stirrer for 3 hours. Téesacts were filtered through filter paper
and these filtrates were collected in an erlenmayer. The methanol was evaporated in a rotary evapof@or at 40
Concentration range was selected a2 0 Og/ mL .
2.2. Total phenols compound

Total phenols compound Rumexpatientiaextracts were established by Fe@iocalteu method]. 1 mL

of Rumexpatientiaextracts were placed in test tubes. The final volumes were prepared with 0.46 L of distilled
water. Theeminutes after adding Foli€iocalteu solution (10 0 O L,gQ; soltimn (2%, 3 mL) was added
into the test tubes. Test tubes were vortexed for 1 minute and were kept@f@52 hours with occasional
shaking. Absorbances Biimexpatientiaextracts were measured at 765 nm.
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2.3. Total flavonoid compound

Total flavonoid compounds iRumexpatientiaextracts were determined using previous report cilo‘glu
et al [10]. NaNG; solution (1 mL, 5%) was mixed witRumexpatientiaextracts (10 mL) and 6 minutes later, 1
mL of Al;(NOs),.9H,0 (10%) solution was ansferred to the reaction mixture. Afterwards, 10 ml of NaOH
solution (4.3%) which were kept at 28 for 6 minutes was added to the test tubes. The final volume was
supplemented to distilled water (25 mL). 10 minutes later, absorbance values of thesesmiere measured at
510 nm
2.4. LC-MS/MS analysis of phenolic contents

Polyphenolic compounds iRumexpatientiaextracts were determined by using-M5/MS in accordance
with the methods of Bursal et.&l1]. Acetonitrile and formic acid were used as themponents of the mobile

phase. Also, the flow rate of mobile phase was deter
solvent A [formic acid (0.1%) in acetonitrile (0.1%)] and B [formic acid (0.1%) in distilled water]. Additionally,
injectonvob me was 10 OL. Chromatographic®®column temperatur

2.5. FRAP assay

Fe' (ferric ion) reducing activities oRumexpatientia extracts were determined using previous report of
Ayoub et al [12]. Various concentrations Gdumexpatientiaextracts in distilled water (1 mL) were transferred
to [K3Fe(CN)] solution (2.5 mL of 1% solution) and phosphate buffer solution (2.5 mL of 0.2 M solution, pH
6.6). These mixtures were incubated for 20 minutes in a water batff@t Bfer that, TCA solutia (2.5 mL of
10% solution) was added to this reaction mixture which was centrifuged at 2000 rpm for 10 minutes.
Supernatant (2.5 mL) was mixed with FeGblution (0.5 mL of 0.1% solution) and distilled water (2.5 mL).
Absorbances oRumexpatientiaextrads were recorded at 700 nm.
2.6. Fe*? chelating ability

Ferrous chelating activities ofRumex patientia extracts were determined following the method of
Dastmalchi et al[13]. 0.4 mL ofRumexpatientiae x t r act s were mi xed with 200 OL
and 50 Odsolutioh (2FME The final volumes were supplemented to ethanol (4 mL). Then, these
mixtures were vortexed for 1 minute and incubated af@510 minutes later, absorbances of samples were
measured at 562 nm.
2.7. FTC methoeotal antioxidan capacity

The inhibition effects oRumexpatientiaextracts on linoleic acid peroxidation were determined using the
ferric thiocyanate method of Jiang et [d4]. Sample solution (2.5 mL) was mixed with linoleic acid emulsion
(2.5 mL). These mixtures we vortexed for 1 minute and then incubated in darkness &€ .3Following the
incubati on, these mixtures (0.1 mL) were diluted wi
ammonium thiocyanate solution (30%) was transferred into the test tubdaus later, FeGlsolution (0.1
mL, 30%) was added to this mixture. After 5 minutes, absorbances of extracts and standards were measured at
500 nm. The process was repeated every 12 hours until a maximum absorbance value was recorded.
2.8. ABTS scavengingbility

ABTS™ scavenging effects oRumex patientia extracts were determined following
previous report of AbddHady et al [15]. with a minor modification.Rumex patientia
extracts (3 mL) were combined with ABTSolution (1 mL, 7 mM). Afterwards, thsolution
was incubated at 2% for 30 minutes. Following the incubation, absorbances of samples

were recorded at 734 nm.
3. Results and discussion

3.1. Total phenols and flavonoid compounds

The tot al phenolic cont en tRumekpatieBaextracf) & highér thdh ttt. 6 5 mg
of MEFL (26. 94 Rimegpati@ntiaextract). Ghe Eotalgflavonoid contents of MEFL and MEDL
were established as 31.55 RimdxpaBedtiaextract In adbitiod, lavddoid0 . 7 4 mg
compoundo f WEFL (49. 15 RUme@paterliaemg r@AE/ gvas hi gher than t he
0.14 mg GAE/Rumexpatientiaextract
3.2. LEGMS/MS analysis of phenolic contents

Phenolic contents in WEFL and WEDL were found to be gallic acid (73.10 and 68/dQ protocatechuic

acid (203.21 and 180.54 ng/qg), Alhydroxybenzoic acid (81.48 and 79.34 ng/g), caffeic acid (6831.43 and
6868.89 ng/g), salicylic acid (17.21 and 17.27ng/g), syringic acid (166.20 and 143.96 ng/¢fertrbmscid
(5403.27 and 5%7.49 ng/g), rutin (11981.19 and 12087.08 ng/gyopmaric acid (767.92 and 812.37 ng/qg),
quercetin (24.21 and 21.22 ng/g), abscisic acid (601.97 and 534.39 ng/g), jasmonic acid (152.65 and 153.81
ng/g), respectively. These results revealed that the ptanolic compound, was rutin in both extradsitin
has pharmacological functions including anflammatory, antibacterial, antiallergic, antiviral and antiprotozoal
activities[3].
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3.3. FRAP assay

The reducing powers of WEFL.QO7pP75MEFD. Q0Q@4097 WEDQ. 0
(0.093 N 0.012) were concentration dependent and wer
BHT (0.143tWHcophé&éep| (0.154 N 0.028) and aSheserbic ac
resultsrevealed that MEFL and MEDL had a considerabl& Falucing potential

553
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Absorbance (700 nm)
-
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Fig. 1. (a) F& reducing powers of sampleg) Ferrous chelating activities of samples

3.4. Chelating activiy

All the samples had high levels of metal chelating effects. BHA, EDTA, ascorbic acid, BHT, WEFL,
WEDL, MEFL and MEDL were established as 57.30 N 0.16
0.11, 54.00 N 0.02, 49. 0@/ .fTbes results revéazd tBAIMeR patlentid 7 at 2
extracts had a metal chelation effect but were lower than BHA ang EDTA
35.C¢/ YSGK2R AN G20 ¢ FYGAZ2EARIFYG OF LI OAGE

The total antioxidant activities of standards aRdmex patientia extracts followed the orde MEDL
(83.81%) . WEDL (83.30%) . MEFLod@Adh&r0odd) (7 WEGFAL%)( 79 .
(74.30%) . BHT (73.66%) TheBeHosult§itdieated OR@nex patient@@ractsOg / mL .
had a significant antioxidant activity
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Fig. 2. (a)Lipid peroxide levels oamples at 250 g / ;rt) ABTS" scavenging activities afamples

3.6. ABTS scavenging ability

ABTS" scavenging effects of samples followed the ordet dJc opher ol ( 68 %) . BHT (6
(64. 90 %) . ascorbic acid (63.20%) = WEDL (63.20%)
(46.00%) aAlthodgh WEDY seerhed to have a stronger scavenging potency, it was established that
this potency waslwe r t h a-tocophtr@t of U

4. Conclusion

The antioxidant activities of fresh and dried samplefRofex patientid.. leaves were determined by
preparing methanol and water extracts. It was established in vamioaso experiments that these extracts
exhibited effective antioxidant capacitiednd these experimental results were compared with the results of
antioxidant substances which were used as stané&arthermore, through the analysis of IMS/MS, the
quantities of quercetin, syringic acid, galhcid, rutin, protocatechuic acid, abscisic acid, jasmonic acid, 2,5
dihydroxybenzoic acid, caffeic acid, salicylic acid, tré@milic acid and gcoumaric acid which both WEDL and
WEFL contained were determined. It was established that rutin was time pin@nolic compound in both
extracts By means of this study, it was concluded that on account of its rich rutin content, the leaves of this plant
could be usedh vitro pharmacology studies. In conclusion, this study confirmsRuethex patientid.. leaves
could be used in medicine as a natural antioxidant instead of synthetic antioxidants.
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Abstract: Silicon shows a very different trend while melting. Melting has remained a challeagdegt from a long
time. Especially, predicting the meltingmperature of any solid substance still exists as a problem in many cases. Recently,
variousstudies and newwules and set of parametdrave simplified things, but its mechanism is yet tostuelied properly
and theredoes not exist any generalized concept regarding This workis an attempt to studyhé¢ mechanism of free
energy diffeence between solliquid. In order to understand thieee energy differenceit is important to know the
interaction potential governing the silicon system. Stilling&ber potential is a good model for Si atoms which takes into
account two and three pigle interactions. Heating and quenching processes ieimmited on a system of Si atorRsee
energygap connectingphases is estimataslith the help reversible thermodynamic rauBupercritical path is constructed
with the help of more than one resirle thermodynamic patfThe best of my knowledge, this is first attempt to implement
pseudesupercritical reversible thermodynamic path for a system whose solid volume is higher than liquid volume at phase
transition point.

Keywords: Molecular Dynamics LAMMPS, Hysteresis Loop, Pseudsupetcritical Path, Thermodynamic Integration

1. Introduction

Phase transition is reported for many pure materials including silica and silicon. Transition point is
obtained either pressure swinging or temperature swinginligotieTransition temperature can also be evaluated
using specific heat capacity information. Another robust technique for determination of transition point is
calculation of entropy. Conventional methods like density hysteresis plot, Lindemann paraore@aussian
parameter, radial distribution function, structure factor, orientation order parameter etc are employed to predict
the transition point of a material.

Most of the abovenentioned methods are not accurate to predict the melting transitionfithatesl
melting temperature is often higher compare to true melting temperature. Melting transition can be predicted
more precisely using the knowledge of free energy. Transition temperature of L-donasfLJ) and sodium
Chloride(NacCl) is reported fromde energy information[2]. Free energy is evaluated employing thermodynamic
integration. The thermodynamic route connecting shdidid is constructed employing reversible
thermodynamic route[1,2]. Phase transformation from solid to liquid under sligBg4dgylindrical confinement
is studied using free energy analyses[5].

In this work, | evaluate free energy gap connecting dajisid transitions.The best of my knowledge, this
is first attempt to implement pseudapercritical reversible thermodynampath for a system whose solid
volume is higher than liquid volume at phase transition point. Moreover, due to very small density difference
between two phases make the simulations more complidgteesent briefly the techniquéa) The liquid state
is transformed into a poorly interacting liquid with the help of slowly decreasing the interatomic attractions. (b)
Gaussian wells are located to the corresponding particles; simultaneously the volume is enlarged to obtain a
poorly interacting oriented statéc) Gaussian wells are removed gradually and simultaneously interatomic
attractions are slowly brought back to its whole strength to obtain a crystalline state.

2. Methodology
In this work, | evaluate the free energy connecting dajicid state transitionThe inclusive technique is

described elsewhdtq. The estimation of phase transition point from free energy analysis is combination of four
stages. First step is evaluation of an approximate transition point from quenching and heating method. Free
energy computation is performed with the help of psewsdpercritical transformation path. Each step is
exclusively elaborated belownteraction potential of silicdf] is as follows:

E= Uinrer':"""'r:] = EEEJ"}E ‘P:{"“'._i' 2,+ Ei E_i'ﬁl;';ic =j ‘F'z{"?j*"“-.iw Eiji' 1)
i WP 5y T4 i
'?':{Ti_i'} = -'qi_i'fij' [Bij' (i’_:n] - (r_:,] ]g_rp (ﬁ] )
; z ¥ijgij Fik ik
@3 (%) 7. i) = Ay eijic[cosBiyn — cosboij ] exp (m-—Jcl-;ng exp {r[il:r—cii:ﬁ'i:) 3)

Thej , represents two particles interaction term. JTh@resents three particles attraction expression. The
summation in the expressioreaoverall neighbors J and K of atom | within a truncated length @he A, B, p,
and g parameters employed for tparticles attractions. The@andc o gpdrameters are used only for three
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particles attractions. The 0 anda parameters employed for both casess employed for thregarticles
attraction. However, this is classified for pairs of atoms. The others extra parameters are diesgii$ion

Tablel: Values of parameters used in SW potential(in metals unit)

A B 5
V) 6)
7.04 0.60 2 2
95562 22245 80 10 .20 .1672 .0951

2.1 Estimation of an estimated transition temperature

To detect an appramate transition temperature, gradually fegtand quencimg simulations are
performed for solid and liquid s&d, respective[$], by empbying NPT simulation atP = 1.0 bar.Afterwards
the estimated transitiotemperaturds chosen within the metastabregion at where a suddehangein the
density is noticeld].

2.2 Computationof solidliquid free energy gap at an estimated transition point

The Helmholtz free energy gap connecting the solid and ligtats at arestimatedransition pant is
estimate by forming a reversible way connecting the solid and ligtates with the help othergversible
stagefb]. The free energy throughout the connecting route is evaluated using a known integration scheme

A4 = f{:_:}MLTA di 4)

while DA is the gap in Helmholtz free enerd¢.i r k wo o d 6 s ¢ o ispded by the gyrabdla me t e r
Geneally, / changes in betweentd 1. The value of/ = 0 system acasan idealstat¢18]. The angled bracket
is indicaion of ensemble average for a specific parametdi8]. The three stages pseuslopercritical
conversiormethodis representeth Fig. 1.

[[M]] o
@) o IAG, (o
[ [[[l]] [[[ ]]][[(.]]] > "

[[[']]] [[(01]] ® (9

AG} | AG,
[[0]]] AGC @ [.'[o).

(1o —> ").[ ®
[[[.]]][[(-1]] () @ ©®

Figure : 1 presentshe three stages pseugapercriticalconversion route. (a) The liquidate is transformed
into apoorly interacting liquid by slowly increasinghe coupling parametdf.8]. (b) Gaussiamwells arelocated
to the corresponding particles; simultaneoughg volume isnlargedto obtain a poorly interacting oiented
state (c) Gaussian wells areemoved graduallyvhile coupling parameter islowly increasing to bring back its
full strengthto obtaina crygalline state

1.Stagea

Initially, strondy attractedliquid stateis transformedinto a poorly interacting liquidusing a coupling
parameter , which controls inteatomic potentidlL8] in the mentioned way:

U, (A)=MN-2a0- ??:]]U[nrer{rm:] )

where Uiwe(r") is the inteatomic interactiorenergy due to location of al particle$s2]. The 4 is a
scaling parameter. The value varies 0A<< 1. The first derivative of intermoleculanteraction relation
produces:

o=~ — Ui &) ®)

2.Stageb
During second stge, volume of liquid stateis enlarged to thevolume of solid state unlike other
conventional substanceBnlamge volume is clearly visible in Fig. Hence, length of the simulation boix,( L,
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and L) for aparticular system dimensiaonust bepredetermineat theestimatedransition point, either from the
MHR results or hysteresis diagramiquid box dimensions 2 1 . 2 H;1L #&® solid (phase dimension is
21. 81H,L2iT(he change in si mul at ipoesssrés rdmaimnalteradantbastari on con
of thermodynamic path and at the completidistagec, which is presented in §i7. The interatomic interaction
on the basis of in this stage is represented following way:

Uy (A) = nUpper [r" Q0] + AUggyes [ (), 550 (4] @)

where r(/) and rue M (/) are therepresentatiorof the positions of atoms and Gaussianwells
respectiveljl8]. Ugauss presentsinteratomic potential because dfie attractionin between thewells and
corresponding particles(Eq.9). The values oH{par amet
denotes box dimension at any value of coupling pararhetéquation 8 represents change in box dimension for
coupling parameter values.

H(1) = (1—- A)H;+ 1H, C)

Uganss [r¥ (1, mlig; Q0] = BN, 300 0y ep [~ bynd ()] 9)

— o= LB VHRIH() = (L - DH + A4, (10)

Derived form of potential expression with respedt ie

3;:- = _E.r_}'_z V{}l:] Hz__l-l ujﬂﬂxz {?]'*F.Prix + HPEEW_I}.} + Uscu.s.s ["'"Nulﬂ:};ii ':.1:]] (ll)
3.Stagec

Stagec is ultimate step of the pseudupercritical conversion methi@]. In this stage fully interacting
solid configurationally phasis obtained The interaction potential is presented of this final step in terfn of

U = [p+ 4 = AU, GV + (1 = DU P AL Y, ()] (12)
And the derivativéderm can be rewritten
e — (1 — ) Ugarar ) + Upgass [ 0D, il )] 13

3. Simulaton Details

3.1 Atomic Potential Used
Stillinger-Weber Potential is a good model for Si. It considers bothparticle and thre@article interactions.
The values of following parameters in metal units have been used. The potential of the silicon is pndwaded i
1, 2 and 3. Parameters values are listed in Table. 1.

3.2 Simulation Details and Potential Model

The NPT MD simulations are conducted with the help of LAMNIPSIntegration ime step Dt) is 5s
for all type of simulationsThe temperaturés monitoredu s i n g idoowo theentbstatThe pressure is
monitoredusingN o si Hdéver barostat The timerelaxationis of 100ps The pressure relaxation is 500ps.
Number of particles areimulatedaround512. Cooling processs carried outgradually after eacB000,000 MD
time steps Change of temperature T is 258r each NPT simulation. Temperature is dropped fBJ0K to
500K with a decrement of 25K. Heating is also conducted same way as the quenching. Teepangtl of
heating is from 500Kto 3000K The Gibbs energy gap for connectingstates isestimatedat transition
temperature using pseudapercritical path.For the reversible path evaluation (fitre three ®ps of pseudo
supercritical pattgs shown in figure 1, simulations are carried WNYT ensenble. The value of Gaussian
parameters argelectedn accordance with Grochdl.

Simulations ofStagea of the reversible thermodynamipath areinitialized from a random initiato-
ordinates of the particle3.otal runtime for eachcoupling parametevalueis 20 n§4]. During thestageb of
three stages, final eordinates of steft are the starting point. Buto achievethe Gaussian potential wells
another512 atomsare situated on its corresponding lattice faii.

4. Results and Discussions
In this portion | try to describe output results of various parameters like density, potential energy and free energy
with the change in temperature and coupling paranigter(
4.1 Density

In this part we describe the nature of density of the Si system as we pédating and quenching.
Quenching and heating path are not reversible, for this reason hysteresis loop is formed. That indicates first order
phase transition. Density of silicon for different temperature is shown in figure 2. The plot clearly forms a
hysteesis. This is an indication of first order phase change. Density plot shows anomaly behavior towards the
phase transition. Metastable region is observed in middle portion of the hysteresis curve. True melting
temperature lies in this loop.
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4.2 Free energy

Helmholtz free energy difference between ligaitd solid phase is determined using psesuguercritical
path by constructing reversible thermodynamic galhd hermodynamics integration is performed using Gauss
quadrature integration scheme. At the ihatng of the reversible path the interaction potential is changing
according to Eqg. 5. Integration is carried out using 10, 15 and 20 points. No significance difference is observed
due to different data points. Derivative of interaction potential eneitjyrespect td presents in Fig. 6 below.
For thel values they coincide as shown in figure 6. Figure 8 and 9 represent febsiagestage respectively.
Figures for all the stages are smooth and reversible, so we can easily integrate it. Therdsedif@rence
connecting solidiquid is around59024.245210eV.Results are reported in Table 4 below.

2.5 T
—H—Quenching ]
2.45 —@— Heating
m L
k] [
En 2.4 3
’é‘_ L
2> L
5 2.35 - -
c
[
[=]
23 B

[l 1. . 1 P B
2500 3000

PYT] 1 AR Bt EEPRPE O
500 1000 1500 2000
Temperature(K)

Figure 2: figure represents density véemperatureplot. | skipped some intermediate points for better clarity. Fiflgdare
black in colorpresents for quenching the systewhereadilled circle for heating the system. Quenching and heating curves
donot follow the same path which indicates first order transitigertical dotted line indicates an estimated estimate
transition point(Ty( 1450K). Horizontal black line and red line indicate corresponding liquid density(2.477) and solid
density(2.850) respectively to determine liquid phase and solid phase box dimension.

Figure: 6 {8/ 81} ,-+; @s a variable of for three/ types values(10,15 arD) of Stagea for pseudo supercritical
path . Thermodynamic path is smooth and reversible, hence integrable. Error is so small it submerges with symbol. There is
no significant difference among them for stagef pseudesupercriticaltransformationpath

3.0

™

i 24

g —a— Stage-a
g —e— Stage-b
® 1.8 —a— Stage-c
o

1.2

0.0 0.2 0.4 0.6 0.8 1.0

Figure : 7 Pressure at thetart of stagea and at the end of stageis constantThis is essential artthe sufficient critei for
construction of théhermodynamic reversible paths.
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Figure : 8 {8U/d4},;r;as a variable of for ten| of Stageb values. Thermodynamic path is smooth and
reversible, hence integrable. Error is so small it submerges with symbol.
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Figure : 9 (8U/A4},,-+1 @s avariable of / for three/ values for stage. Thermodynamic path is smooth and
reversible, hence integrable
Table: 4. Separation of the subscriptions to the gap in Gibbs free energy connecting the twb=siat88 K .The
pressure is maintained &= 1 barfor the siliconGtillinger-Weber Potentigl

Free Energy Terms(eV)
AEE | qeex
= 1 307°10

A7° — WY 60073
.'E'.g L
PTAV” 741.7546

Ei—: _ G%: -
B 59024.245410

5. conclusion

Various methods have been emplocyethd we have beersuccessful in observinghe phase transition of
silicon, depending on variougparameters.

Also, keeping in mindhe traditionalmeaning of solid to liquid phase transitiohetjump inpotential
energy is also used to indicate thenelting stage of any substance. This junip seen at 176@800 K for
decreasing temperaturand 24062500 K for increasing temperature. Anomaly behavior is observed in density
for silicon systemwhich make more complicated to implement psesdpercritical thermodynamic path.

Estimation of the Gibbs free energy is performed with the help of pssuskrcritical reversible
thermodynamic cycle. The construction of supercritical path is combinatithre® stages. For each step of
thermodynamics integration is applied using 10, 15 and 20 points. The thermodynamics integration is
insignificance with respect to number of data points. Accuracy of determined melting temperature from free
energy analysis better comparing any other methods. This is a very clear indicatfdrow the brealdown of
lattice occurs on heatingsaibstance.
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PHOTOPHYSICAL PROPERTIES

Seda CETINDERE!

'Gebze Technical University Department of Chemistry Gelaeaeli, TURKEY
sdemirer@qgtu.edu.tr

Abstract

Andersontype POMs are among the most known oxo compounds. Functionalization of POMs with organicsgobuas
BODIPY, provides a strategy to achieve Péidsed hylid materials.They combine the advantages of organic molecules
such as good solubility and easwctionalizationtogether with chemical stability and high redox activity of inorganic POM
clustersThis study aims to functionalization of Anderson type P®ith phenol containing BODIPY dye and investigation
of its photophysical properties to see its usability as a photosensite@ar energy conversion processes

Key WordsBODIPY; POM, Anderson, phenol, photophysical properties.

1. Introduction

Polyaxometalates (POMs) are inorganic meiab cluster anions of the general formula, ™ consisting
of two or more highvalent transition metaléM) such asw, V, Mo, Nb, Tawhi ch are |l inked vVvia
oxo-ligands. The early transition metals aredrporated into the cluster as oxoanions in a high oxidation state
(d°, d) and are called addenda atoms. Together with terminal dxag a n d s a n doxdlipaeds théyar i ng ¢
form coordination polyhedra of the type [M[Oly = 4-7). The formation ofPOMs follows a unique self
assembly process of these preformed building blocks which can be linked by sharing corners, edges and more
rarely facesThe first POM reported was a phosphomolybdate, namely [fM@*, which was obtained by
Berzelius in 1826 from amonium molybdate (Nk,MoO, with an excess of phosphoric adit]. Today an
unrivalled structural diversity of POM clusters like Anderson, Keggin, Dawson, Lindqvist etc. is known (Fig. 1).

Anderson Keggin Dawson Lindqvist

Fig. 1. Different structure types of POMs

The structuralversatility of POMs is the reason for their rich chemistry and the ability to form systems
ranging in size from the nanto the micrometer scale [2]. They exhibit an almost unmatched range of physical
and chemical properties, e.g., superacidity [3], phot electrochromism [4], magnetism [5] and ionic
conductivity [67]. For this reason, POMs have attracted growing interest among the scientific worlds. During
the last few decades, they also became relevant to analytical chemistry, [8] catalysis aimek f¢etild and are
of great interest to materials science as novel materials.

Reactionsof POMs with organic moieties like loron dipyrromethenédBODIPY) dyesprovides a smart
strategy to achieve POMdased inorganiorganic hybrid materialsThey combine aehntages of organic
molecules such as good processability and-didjeistable structures together with chemical stability and high
redox activity of inorganic POM clustef$2]. BODIPYs are fluorescent organic dyes which have interesting
spectral propert® such as high quantum yields (@.®), large extinction coefficients (60080000 M'cm™)
and narrow emission band®n the other hand,baorption and emission properties of thekes can be
adjustable by substitution of different groups into the BODtBre [L3].

In this study, the novel compound (BPOM) synthesized by the reaction of Anderson type POM)(B@M
phenol containing BODIPY (PCB) (Fig. 2) and then characterized by usirR FMALDI-MS, *H NMR
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spectroscopy techniques and elemental aralyiotophysical properties of BPOM were investigated by UV
visible and fluorescence spectroscopy.

2. Experimental
POM, [14] and PCB [15] were synthesized according to the literature procedures.
2.1.Synthesis of BPOM

Argon gas was applied to the 100 mLa#en flask and dry MeCN (50 mL) was put and bubbled in the flask.
POM. (80 mg, 0.039 mmol, 1 equiv.) was put in the reaction flask and dissolved in DMF. PCB (40 mg, 0.12
mmol, 4 equiv.) was added into the reaction flask. The reaction mixture was stided reflux for 48h. The
reaction mixture was controlled with IR (Fig. 3) and when @&l peak was disappeared, the reaction was
finished. The mixture was precipitated in diethyl ether. Collected products in diethyl ether were centrifuged and
then brownsh, orangecolored solid fractions were collected and dried in air. BPOM (77 mg, 0.029 mmol) was
obtained with 64% yieldElemental analysis in wt% for (CgHzeN)3(MNMogO1g((OCH,)3CooH,1N2O,F,B)5)
(calcd.): C 44.3 (44.54), H 6.8 (6.18), N 4.85 @.77). MALDI MS (m/z) for CogH16:B2FsMNM0ogNgOos :
264243 (Calc.),264360 ([M+H] “ Found) (Fig. 4)'H NMR (500 MHz, MeCNd;) : U 65% (a,)br, £2H,
-OCH,, in POM cluste), 7.96 (d, 4H, H.), 7.19 (d, 4H, H), 6.09 (s, 4H, H,), 5.37 (br, 2H-NH-), 5.20 (d,
4H, -O-CH,-), 3.09(br, 24H, -CH,- (TBA)), 2.69 (br, 4H,-CH,-), 2.47 (s,6H, CHy), 2.23(s, 18H, -CHs), 159
(br, 24H, -CH,- (TBA)), 1.43 (br, 24H, -CH,- (TBA)), 0.96 (br, 36H, -CH; (TBA)) (Fig. 5).
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Fig. 2. Synthetic pathway of BPOM
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Fig. 4. MALDI MS spectra of BPOM

581

Fig. 5.*H NMR spectra of BPOM
2.2.Photophysical properties of BPOM

Photophysical properties of BPOM were investigated by usingvidile absorption and fluorescence
spectroscopy techniques (Fig. 6). The absorption and fluoresqaoperties of BPOM have been studied in
MeCN, because BPOM has good solubility in MeCN rather than other organic solvents. According to the Fig.
6a, the absorption maxima of BPOM was observed at 501 nm like its precursor BODIPY. According to the Fig.
6b, the emission maxima of BPOM was observed at 506winich is attributed to the BODIPY moieties,
because free POddo not give any fluorescence signal.
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Fig. 6. (@) Normalized absorptip(b) normalized emission spectra of compounds PCB &@NB. (Excitation wavelength: 475nm).

3. Results and Future Work

A novel compound (BPOM) was synthesized by functionalization of Anderson type POM with phenol
containing BODIPY dye and fully characterizeBhotophysical properties of ithnovel compound wer
investigatedoy using U\tvisible absorption and fluorescence spectroscopiesording to these investigations,

BPOM dyad retains the unique photophysical properties of BODIPY showing its promise as a photosensitizer in
solar energy conversion processesture studies will includénvestigation of electrochemical properties of
BPOM to see its redox properties and photocatalytic experiments will be done to see its performance as a
photosensitizer in solar energy conversion.
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The Biosphere &If-Organization Attractors drive perfect order
homeostasis reactions to link bioenergetic
with functionally activate oxygen and @rbon dioxide molecules.

Aris Kaksis,
dep. Human Physiology and BiochemistRj ga St r adi n &¢nail aris.kalesis@rsutiyy a n d

Abstract.

The quantitative studies for oxygen and carbon dioxide fundtiantivity reveal multiply generated e8-
Organization Attractors which create and maintain order the homeostasis: water concenttdioF55.3 ™V, ier,
pH=7.36, enzyme Carbonic Anhydrase reactidy,oxygen level 20.95 %, [1] , osmolar concentrain 0.305 M, ionic
strength 0.25 M, temperature 310.15 K degree etc. that make oxygen fire sa®agg functional active for Life
Biochemistry.

Air oxygen level 20.95 %, [1] dissolute in organism formingrterial concentratiofO.,q.d safe for Bioenergetic
as ®If-Organization Attractof3] sustaining isooxia.

Thermodynamic indicate Biosphere indispensability to reath@ganizationAttractor valuesDestiny is trend to
minimum of free energy change in homeostasis. Attractors made functionally active moletfi@sg&nize theperfect
reactions order in homeostasi®,3,4] Deviation from Attractor values disorder the homeostasis. Chaos stop the
homedstasis which disappears as extinct from Biosphere.

KeyWords: Biosphere, Thermodynamics, S@lfganization, Attractors, Bioenergetics.

1. Introduction.

llya Prigogine in 1954lemonstrate the isolate mixture of compounds in reactions trend reacin€rgge e
change minimum at equilibrium sta] Prigogine in 1977 declares: equilibrium state is Attractor for- non
equilibrium state in reactions mixture of compoun@s4] Prigogine explains perfect order formation as Self
Organization Attractors for Unérse and Sciences.

About Universe creation in perfect orddtaria Kuman AThe nonlinear no equilibrium theory of
Prigogine is also called The Chaos Theory because it claims that our Universe was created in perfect order out of
the chao®. [5] Chaos is jst apparent disorder. The Biosphere belongs to our human civilization and is the part
of perfect Universe.

Attractors create perfect order with functionally active molecules-Ggénization with Attractors in
dissipative structures makes the homeostasier. Biochemistry Thermodynamic studies indicate Attractor
vales of two types: the primary Attractor values are common for Life Biospherexygen level 20.95 %,,

Carbonic Anhydrase CA reactivity), the secondary Attractor values are for individgahisms (generate
concentration gradients, isooxidiomeostasis Norma) and multipurpose Attractor values (pH=7.36, water and
its concentration).

Generally, water is common multipurpose Attractor for Life Biosphere.-étpilibrium homeostasis
work in water medium and water is as substrate, is as product and is common for homeostasis medium so for
environment.

1.1.1. Four Attractors and decreased Oxygen power for functional activity isaoxia

Water triplet state of oxygen, its concentratiop(P]=55.3 moly - or, air oxygen level 20.95 % for five
hundred million Years, pH=7.36 for the concentrafielgO ]=10"°M.

Water solution oxygen keeppdplet state.Oxygen no reaction with water, prevent singlet formation

Air oxygen 20.95 % concentration astractor forms functional active solutions artelﬁ@IZaun=6*10'5 M
and venou$O,4q,4=0 . 4 2 8\l.chn@entration§6], what is isooxia (homeostasis Norma).

OZgaszIR"'H 20+DG<AMS—_>OZaquaBIood+Q-
Rotating Electrode Method detect oxygen soluhifi#]

[01) aqua 3 5
]:KOZ/[HZO]:1.22*10 /55.3=2.20510" and

KSp: [Ozgas].[HZO

Reactant O20stH,O A+B 50 % C products O2aqua-Blood.
Figure 1.Exothermic and endoergidesso x ygen sol ubi l ity havi nGessFr56%,, ,bdutminingzed Fceh ange pos
energy changeiGmin=01Ge~26.58"/mo reaching solubility product equilibriumixture: Ks=2.205*10°,
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Free energy change minimum in expressson
Gs=-R A T KL,)r-8.3144*298.15*InR.205*10°)=26.58"" .
Water solutioroxygen free energy conte?6.58,, increases.

Tabl e 1. Sebs @ NgEiSaAn d L p@ies of formation from elements, at ionic strength 0.25 M,
at 298.15 K degrefl] Biochemistry thermodynamic 200@] in bold are data for pH=7.36.

Subgance P HHéska/mol (pSHéSSJ/moI/K CpGHésskJ/mol

O2aqua -11.70 -94.2 16.40
O2aqua -11.715 110.876 16.4
Oans 0 205.152 -61.166
H3O" -285.81 -3.854 -213.275
OH" -230,015 -10,9 -157,2
H,0 -285.85 69.9565 -237.191
H,0 -286.65 -453.188 -151.549
CO2aqua -413,798 117,5704 -385,98
CO2qas -393,509 213,74 -394,359
HCOg3 -692,495 -494,768 -544,969
HCOg -689,93 98,324 -586,94

Hess law calculations for: Enthalpgxothermic: DHpes=DH Acaquasioor DH Bogasair=-11.7 “Inei; for
ENtropyDSieseDS AvaqeiooDS Avgasair=-299 Jmou; and for Free energy
DGhesDHiesd T*DSyes-11.7-298.15%0.29935277.55 . endoergic
Blood plasma oxygen is strong oxidant according half reaction standard pdietic383 Volts [2]
qualqua"""H?,O+ + 4% GHZO
oxidized form  free electrons reduced form.

1) ThreeAttractors : air oxygenO, 20.95% , water concentratiorl{O]=°"°?%,4=55.3 M and pH=7.36
minimize Free energy content one mol of Oy as arterial blood concentrationgqug:6*105 M and
pH=7.36 for the concentration §8*]=10"*°M.

Eo,=E 0,+0.0591/4 (9, A [®11[H;0]°) =1,38+0,014775*0g(6*10*107*¢"55,%)=0.73 Volts .
Oxidative stress poduRadphtboEl,=0d&1[B82e0a652¢/6lts Rotemtial minimpies
Free energy content for oxygen abot2541.6" o

P Gaqua pH=0P Brzaqua prfF*N=-0,652*96485*4/1000251.6"" .
Strong oxidant @2=237.191“/m0. becomeskaire safe for Biochemistnjth free energ\Gozque 12,17
/mol-

1.1.2. Synthesisf Carbonic Anhydrase CA indispensable Attractor.
Carboric Anhydrase driven irreversible reaction@® ,,quaWith two water molecules:
COsaquat 2H,0+DG+Q=v12>H,0"+HCO; with velocity constankicosaqus 1 . 5 M'180%9]
NeutralizationHz0"+HC 05 <=*2>CO,qu4-2H,0 velocity constant isk,=5.1688510"°M' § *
Equilibrium constant have to calculate in the velocitymstants ratio expression:

_ _ [HCO; Jaqua: H30+ _ A ~T _ *
KecpA—klcozaqua(kz—[ [Cozl]azua{HZO]]z—Ka/[H20]2—1070512/55.32—2.906 10,

Bicarbonate buffer system acid protolysis constantgk0512 is friendly to pH=7.36:
Original pK, cozaqua7.0612 obtained and calculate f@UFFER solution [1] Carbonic Anhydrase
synthesis solve for bioenergetic perfect order homeostasis a®igelfization Attractor. [3,4]
Neutraliation reaction Hess Free energyD&es=2DG Ao +DG Aor-DG Aso-DG Acos=-102" 0.
Free energy change mi niquRn&Te@/l@a'CA)a:%ﬁVl,gﬂ.n is negative: o

=102 ¥/mol

AGmin= =60 /o1

Reactant H3O"+HCOs A+B  [50 % C+2D products COzuqut2H;0.
Figure 2. Exothermic and exoer gGgmari.cnedativaloidzabutimnimized@0 s s, rekchimge ener gy
equilibrium mixture: 1/K eqca =Ke=34459000000 at presenceCdirbonic Anhydrase

1.1.3. Multipurpose SelDrganizationAttractor pH=7.36 createpositive , negativeharged groups:
R-COO’, R-NH3", HPO,*, R-PO,*, HCO;' as free and linked iR molecules: amino acids, proteins,
nucleic acids, carbohydrates, coenzymes.
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Buffer systems in the Life organism trend to Seffjanization AttractopH value7.36 Each of dominate
buffer system haw 7.36 friendly maximum (Figure 3. and 4.) of the buffer capacity: dihydrogen phosphate
PKa r2r04=7.199[1] and Carbonic Anhydrase create protolysis calculate congté&tioozau=7.0512 [1]

Proteins as long chain polypeptides and free amino acidgawuithype acid groups constitute 47 values for
classic acid protolysis constants. In three fonmS.coon, PKanms+, PKargroup fOr deprotonate carboxylate
negative aniofR-COQ' ,for protonate positive charged ammonium cafehH;",
neutral phenolic acid TyOH and CysSH neutral sulfhydryl groups[6]

1.1.4. Shuttle hemoglobistabilizedmultipurpose SelOrganization Attractor pH=7.36

Hemoglobin in tissue desorbs oxyg&R,q.afor exchange to HO; and H but in lungs releases H&
and H due to adsorption of oxyge®,,qa [6] Exchange equilibrium depends on oxygen concentration in
arteriaM afldl Ov e n oM acBordih@ &ctud Bemoglobin sensitive equilibriven oxygen
concentration in bload6]

OZaquél-(H+Hi363,58)-IbT...salt bridges...(HO3)+H,0<=>Hbg(0,)+H;0"+HCO5:
arterial Ooaqud = 6 M., Graction [(H)Hbs;...salt bridges...(HO5)]=0.04 , fraction [ibg(O,)]=0.96, [6]
venous Doaqud =0 . 4V, tadtion [(H)Hb;...salt bridges...(HO5)]=0.37, fraction Hbr(0,)]=0.63.[6]

In one blood circulation organism consume 60963=0.33 fraction of oxygen fromtarial saturated
fraction 0.96=Hbg(O,)]. [6] Stabilized Norma concentratiofidCO;]=0.0154 M, [(D2,q,d=0.0076 Msustain
SelfOrganization Attractor pH=7.36. Henderson Haselbalh expression for Brensted protolysis calculates
Attractor value 7.36: pH=pklog log([HCO;1/[COzqud)=7.0512+l0g(0.0154 M/0.0076 M)=7.36.

-
| e e
s=s e

|

i

!

- |
/T rcoo 7 R-NH;* .
50 L= | 3 [ra- I
: | {
v s !
40 mM I I
, eamolyy Attractor pH=7.36 pH
o1 =
[ ] 4
—%| | /
/I A /
\ H:POs 4 HPO /
\ /
\ /
\ /
\ /
\ \ /
\ Y o
.
e -
1 2 3 & s & 7 3 s 1w m 1
 eamoly Attractor pH=7.36 pH
02
‘ | | /
*. COzaqm HCO; f-“
\ "
'Y /
7 7 Yy /
\ '
/ \ /
\ /
\ / \ /
\ ™, -
' Wy . ]
_— —
1 2 3 a s s 7 ® 9 1 m 12 m
Total Buffer capacity am=40-+80+12=132 «-mmol/ ; Attractor pH=7.36 pH

Figure 3. Cytosol muscle cells. Buffer capacities versus pH values from 1 to 13. Actual buffer capacity at AttractorfpHtwib36
dominate phosphate, bicarbonate and total protein imaffier.

Figure 4. Extra Cellular space Blood plasma. Buffer capacities versus pH values from 1 to 13. Actual buffer capacitipapPita 36
for two dominate phosphate, bicarbonate and total protein made. buffer
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