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Abstract

Il n petroleum and chemical engineering, mi X!
commonly encountered in various applicatio

and refining. Surfact aptpd | d o i avnhske Iry aws d d

stabilize dispersion systems, including fo
t he i mpact of surfact anrtdsgeds swbobabj | iazser s
destabilization is often regquinraend si Mmusitb s e
moreggneFurthermore, the use of surfactants
purity control and wastewater disposal, re
i ssueCsonsequently, the search fofraemdVvegl s

with mini mal sidesebhdcng bassheéenia pehgo
engineering.

The presexees pofnsa ve@O surfactant i s consider
petroilrediurstry, as this mat er i adctciavne sawidt c
interfacti ve forms whes Nexipomsleid. t Gompxare d at
stimekiponsi ve sup/fNaest & hehsasst uammushiggndd i cant a
t héyroddiotnot acaswymuleat, e aind t he e xbteernal s
i ntrdoduwccendvBeec ause of t hese Sotr eesrpionrs i ad v a
surtfaanct s aradf ocxiwmaewnt f yel ds, including enhan
oil fieldHaecwewmest>rghporrCO veness of t his ma

guestions for the research ecoesmpomnsiyve Wahast



How can we raEeslpotnsivesne€® in different e
possi bi | izsryestphoantsiivtesne&3 coul d be diosabl ed
answer these questions, it i's essenti al t C
i nteract iaCRs espowas e vaen ¢ ua tf haecrF acnht & mii csa Ipsu.r p o ¢
mol ecul ar dynamics simulations are consider
we empl oyed mol ecul ar dy nami o5 e sspiommusliavtei o1
me c hsasat an atomistic | evel. Additionally, \
tools of MD simulations to address differ
comprehensively.

The results of thisrddapepensi hawves s hiwgin it fhiad a

the molecul ar lastue rf aacctt iaonnt's amedt wetesn sur roun
switching bet ween active and i nacti ve
deprotonation/ protespbnenveof sutrhfeatchCeédnt |, w

di stribution of atoofi cmedhad glewasandi sbeveoeé:
deprotonation/ poaodaomnuart | @tn ¢ir fofcessnst é mcat i
with deprotonati oanoinvaiteg monteaff iadel WWaalt
interactions with oil mol ecul es, as indica
Additionally, it was found that the molecul
surfactants for prud sapg erds iwiet hsutrifeac€@nt can
responsi veobsegcheaedmypmcal |y, the pa@®@onati on
responsive cationic surfactant and stabil:i

anionic surfactant can reveressthbseeéheotn]



destabilize the system. Further more, ot her
ami-dent eractions reapongmpaegneslmed@® t o unde
conformations of s ur foabent ratneasrd ca dreosuifel | yti ,met h e
systtcem either screen or amplify the effec
potentially changi ng #rhees pdoonnsiinvaen t mefcahcat noirssm
To conclude, this dissertation deepens our understandingowfintemmolecular
interactiongnfluencethe responsive mechanisiof a CQ-responsive surfactaatthe

nanoscaleThe achievements wilbrovide helpful guidance ohow to optimize and

control these interactions under suitable conditions to maximize the performance of
COp-responsive surfactantgcilitating a mature application of this novel surfactant in

various fields of chemical and petroleum engineering

Keywords: Surfactant, molecular dynamics simulatioi;water interface, chemical

enhanced oitecovery
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A time will come to ride the wind and cleave the waves,
€
I'll set my cloud - white sail and cross the sea which raves.

The Road is Hard by Li Bai

7o ordain conscience for Heaven and Earth.
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W' B
To establish peace for all future generations.
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CHAPTEIRNtroducti on

1. Research background and motivation

I n the fields of petrodmepm anat ichiremofcas urefr
i ndi spensabl ¢Bdgeur fudbd tqunttousan effectively
tension betweephabestcatmmidu agugodOuet @ m

the presence of <crudes wr flacatnhadntwatpelrayi na foor
various processes diB]h casudcer uod € 9otjdl Sahesdptorrat cat
wastewateflHpwavmentthe role of surfactant
edged sword, asystemt alsi loifzZiemg necessary 1in
which typically requi.t s asisamif faice amt!| y smdri
actiiumesul ting emul si on wi || be extremely
signi fcioenpnhtilcmt es the recycling of valuabl e
off i nal [plr2qg dludqt

To address thesoé icheméesaltaedf pe@lddommlgeum en
focused on developing surfactants that off
moment um trandgfler dyriolcee searksss EN gi bhatystem
easily destabil i zlend rienc esnutb syeeqausesn/t e @ t saggieise § |
responsi vevgan hnhadt amics elasi ng attention due
switch bet vaecen vien taedrdf aictet @ ef asd eot eesx tiemr nraeé s p
stimul i [dithGf rTihgigsercshar acteristic allows for

to achieve botHeembbsifratatoon and



Among var iroeaussposnsiimuehCOU Esponanivet smnud < acu tant
as particularly exceptorhnaltyueeaveidfs il owm
removal, and the | ack[ d7.,.TAtuwsmerl eat p @@Qs isv & e
surfactants alignsamwhmdt rt éhlei tgyl.o bTah i sg oaap p roof
Carbon Capture, utilization, and Storage
mitigation oBSochmpptiecabhbamggeonsiCOe surfact
been testefioam bbobdC®@g and chda@did¢al fl oodi
EssenaC@l éyponsive surfactant we@®mspbestcoasi
surfacaswnt chasg pr oapeHs sr aoncgceu rgso ameilrtomeiide baci d
Al ocfpain al kywasacree @aoni tde ch ea saCtOr ee sfpiornssti veex a |
surfactant by Jeég&¢DlpeytdiadwcmmleryezgdtOZsh pur b
water forms a carbonic acid $odtuaabszen, whi c
rel efarsoend t he carbonhtt aogdmaaactec pasno tdo nnaet egr o |
transformiwdaitrhe all koydgi naicoes itarmfaald @ voe m

acet amindibn c.arBouobrbd tiamg ,Nor argon, combined \
the reactionfbymeéhevismdgd uCOoinnactigeaeammit dinl
compounds.

Ot her catriespioansC®e surfactants, Il ncorpor at
such as amine, imidazole, and gya@Bi7di ne, h:
They operate on a princiTghlee heiadi Iga@® utps toH a't
resposnusrifvaect ant s ¢ an sbseu rdfeascitgannetdd a\soii gosif tf dei rf fte

sol uklishiet hpradt coofatamd , sadatae etgi, t chiinegsp and a



reversibly stabiwlaitze a&imdddemulsssitffrfuecotiadrrte s

camune the [£oppesrmptoinss vef surfactants to su

envirofrmentesampl e, arylacetamidine exhibit
rate compared to other surfactants, wher e
compounds are more basic, resulting in a h

concentrations.

On the other h anf@ @-s wihtec htaabille gsruorufpasct ant s

solubility, par ti[t2i9q9 ht nkynso wanme dit| heacto t tolxa cli ¢ 1yg
hydrophobi @ taiflfectant ts piar tagueouscoend i@
phap@&@®2The lacmgeéron chainasthkeamoamrt eacl Ulyi
t he ol ed@r epshpaosnesrifvaect ants with [ onger hydro
greater sensitiviapyotonatrnmgdgert gtea chedd wrpihrogd i
of t hreesCplonsi ve sur f acteasmdtioss earteh esihro rstu r ftahcee
and fail atworwaeenai nntaérf ace.

The effort to tumeesphensirwegpesti eactodntGO b
structures represents a vVviable method to

condi Howeser , this approach overlooks the

of douref aWh iadneosl ecul ar structur etiemrmdd ovu Wtuead | 'y
behavi oas ywittelmi, nt he phawaetscore i acitamtofsyasn eoi |
on the collective interactions of al | mo |
mol ecul ar interactions that ul ti mately de

mor phol ogyl edulsaurprsatmouct ures, and the macr
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rties of the system. Unf oxrtessmpaotnesliyw,e t |
ctants at the nanoscal e thhdeu & | 06t rec
| eum and chemical engineering

fore, to effectively control the macr
ms containing such surf agrteasnptosnsa e t
rmance for stable control of emul si fi
ughliyc ontf wdsmpattditeom ptr ro & repsifsedsseh avi or and

ol ogiocfalt hceh apruglebsy atoawdt er ibretfeorffaaad

I ntortoaluydtiagm.C@ s ul t icnagn fsihneddi nilgisg ht o]
actionseswondsine COurfactants and bet we
chemicals in bothAheheawwletwilc tehred paog ea
t of these interactionsn caddtihhkeg oauw,ddal |
st an alternative metfhloudiodnst ai mm @ gt ICO |
nsive surfactants by moelgeudualtarmac tt ihen &
n the system, rat hreu c statiraenC @aslptoenrsii vge t
ctants

o limitations in traditeiabalveddét emdt inc
gh experimé&mté thoechabpli dndgievge.l opment
ds, computer simul ations can nNow COl

ding detailed insights into the wundei

address the gaps |l eft bylyexapm rcismdgrvtdg | smenuH

heerecently become a powerful and standar



i nt er acthieoymsafreeaac c e s si bcloen saumd nlge svd tthi mene i
availability of computational resources.
Over the past few years, several MD studi ec:c

of varidroeusspo@i ve IS Hoawewvamt sthese studies

sever al deficiencies. One asyghiemm wasretd i a1s U
simul ations. For instance, Liu et al. mi x e
water in a cuadamggbexyatoosni pmuloaeses of hexad:
agueous phase, demonstrating that the disp
activeeLPOonsi vep3.6udhancg aett al . highlighted
interactiadepbet weanhed | auriom asdiadbidndeist
[ 3.7] They adrpd plyeetd model in their simulation
the radius of the oil dropl ets covered by

This constraint onlilspfalmiewoeimot st be dr mpl a
refl ects i ntwataert i iomtssmgfsad man wlsdn n an emul s |
In the case of emul sionsmpiWwaherspontanaces st
assumed aznedr ot he i nterface should be model eoc
to as an interface modeladbopbsadtdmodbéemodekl! ,
constructed a sandwich model -domdemyaliNyze th
di met hyl acetamidi ne ( DMAA) -daonddeNt, Vi It Bl bi ca
di methyl acetami)di mpam giDMdfiAhtgy ECDncl uded t
interfacia2raspoustyeobucCfactants originat

interactions between char ged[ 4]rTfhaed tra nstt undoy



provi des a fundaowre mtealrCCexpn samfade peome f CO

responsive surfactBHowevat, aenwoddie\W fiarctclue fad cd

refl ects mol ecul ar i nteractions in an emul
CQresponsive surfactants i s that@aptot@admnti on
transfer Ppsypseem i sseypically constructed
CQresponsive surfactants into either the pr

previous MD simul ati camsemsgasu fornopnygy siapdlur e

interactions within the system after the

N

purgkorg fNul |y pr ot onMe glde dtyi mpgrtghengp rCt on t
in missing crucialespbdons maenesns abwhit clCOi s t
rel at edontseedjiueesntl y, the effect of breaking
Sshould be ndimpciesa dMd asi mul ati ons.

Last butampoptl ilceaatsiton environment of surfact
engineering is highly compl ex. For exampl
surfactants are frequently wuseacatpo !l t adyce
number to i mprové¢ IB8@L dwmersyucenf fpircoiceenscsye s , t !
variety of difdmelrent phasmecapel al norganic
and oft esn tauc tsuarsf aent ants, further reducing
known to influence the aoriiatngre memt e roff a cseu.r |
agueous phase, water molecules can form hyc
ions present can interact strongly with s

interfacewatAdar tihtel easfdaccfen,g ea mat er i al s can



surfactants, potenti aldsyurdlatcd rfmrieg It tahy et rhneo r |
compl exi twatsdurtfhhre t@inlt system composition,
whet her the mol ecul asr eisrptoenrsa o/tei osnusr f laett e d |
chemicals canrespgaoahsat esdfmetciCadns yssnt em. Addi t
i's essential to seek the most appropriate
simulation results, to characterize these
Il n summiBhegussiesshinsol ecul ar dynamics simulatio
i nteracti oprse shpdnvseiemne COur f act aatoswaatnedr ot hei
interface af@@rcdes mads iad emedbthgehosm t his t h
hawsvel exéledeN,yli met hy |l a@&MAAmMmiachidna t s acti vat

NédodeNc,ydlli met hyl ac ébxMAWNHasni am moedebpdlnCsi ve

surfactant due to iIits extensive investigat:.
We investigated the | mpaaptrodfonmdliranws!faenr ipl
addressing the gap in previous molecul ar d
the chemical reactions of these substance:

di fferent ch&fQgespoagulvaso@mecthamesmxpl or ed
why certain substance L Qearns pwenaskifevné hoers seywsetne m
Further more, we empl oyed various advanced
dynamics simulation results to address dif
instance, we used free ener Gy bpéreer katirglry
andatveeraeglauced density mat rd xv aledtriga ch cttd oinrsv.

These analytical met hods provide researchert



in standard mol ecul ar simulations, thereby
simul ations i n uncovering mi croscopic m €
phenomena, anfdo rgrwil daitn g nt haen d regul ating p

cont aOQiriensgponsi ve surfactants.

I n petroleum engineering, the outcome of
drilling muds to achieve a controll able fo
reduce filtratvioomdiewe®ses Wwbrmédtooronsudbsmagent

produThe ofni ndi nglse mom $Ghhaadptteechre nBi cal engi neer
to em@hreysponsi velusumigaemahtss on pol ymeri zat
i ncr eastewatheer ovdl umetric ratio and reduce

wi tCHO-r esponsi vet osuarnflhhanaent s heilrh es woi uttcchoi nmeg

yi el ded f rcoam @ahlaspgoieesee rd oisr aemn ptameg e fwfagct i v el
separate and recycle common surfactants em
and SDS, r e+wea éseurmfga dtheerstpo@® i v e acchdreard theggr a
desirabl e pr-bpwrineéesirdrmkata utl tTehasaomnet ctomee .i n
Chapter 5 implies that it is critCCal to s
respossrfactant t o avolChr gogopewredbitwed u a e ftfoe ¢
undesirabl e mollenc wletnre riaritt &¢eroanet iodnst.hi s t hes
alternativadijap$hfemmgnriu ltacpiroonpse rd nabhsla toefr t h e

surfactant mi €£CQueeponsiaensngfactant by ut

i nteracti ong elsptomeservea sGO®@f actant and ot her



1.2 Objectives

Thi s di ssetrad at hnoi s ¢aii gréstf &€ c t of mol ecul ar [
i nt e bfedh@ v i o#r easnpdo NGO v 0 fmeawma®durlsinact ant syst
containixrges@maonGO v e urcfaattcitogamimhg hecul ar dy nami
Ssimul atitbberamcdal yzing methods based on mol

The primary objectives include:

T Systematically review tbhbeusmbhgcmohecdlyanar

i nt ersatt s onifracawaridaglr f act ant system

Recent MD studies on surfactvaatsearr 8adt abher
systems need to be reviewed toheseestiybsyams
t hat ct@hCQarfefsepcotnsi ve mechani sm

T Ildentify the | ocations whasryesttehme apnrdot on t

Il nvestigat esathief fomorderdiud watri ampeoaes s ons t

Due to the variotmsesfpomms vien swhifaalys@@ms e xi
(mMonomers in amilcle!l ppasaead e, ,eranchtatrf ace)
cruci al to determine the | ocatioeaara&here t
most | ikely to occur. | dentasfwyitcpi ngesatko
optimize the switching conditions, ultimat e
The free energy perturbation method is ad
akki eve this goal

T I nvesitdvwamol ecul ar interactions can be de

t hexrCeGsponsiaggnéesem. of

I n most applications, surfactants are oftel

system performance. It is cruci al to under



i nteractions canzrafsfpeomnts i asred aseycshteaenm tshis dode p €

understanding of these interactions can gL
chemicals thabtr dasnnpgersaicve wsurhf a@Q ant+s i n wa
responsiveness, |l eading to more complete c
T I'nveshdwaundesirabl e mol ecul ar interactio

t hexrCeGsponsiaggnéesm. of

Desi cakimecaal snhaprcespgdres i@Oyseesn bdfy highlig
the differences in molecaulkapdomweeeceactitdhmres e
are alsocherdecial sbwhowsERIr espopast vensurfact
i mpaiCrQrtelsgpondiovenxe shntail mCIOi ,aCQeedeohnsgvVve

surfactanThenefbdbereetive.i s crucial to under :
of how these mol ectelkponsnieraazvot fdaid tnd m©& u c i
such chemicals or undesimrMdrl eeo vienrt,e rtalcd | awnea
reduced densieaygrcgpgmadicdtreid MD ad iymiud it i gmts ¢ loe

ef f encam oovfail etnégr acti ons.

1.3 Thesi s outlines

This thesis sighapimposeétdb&hatpe er 1 present
introduction to the backgrounhde,siosbhj ecti ves
Chapter 2 presents applitoedtaitnmon] geycruabmircesw o f
Simul fad ¢ wsiendv eosnt | g-& & tsaugr faanc toarnhti ss yrsetvene.w o f f

the baeil etchaenrag yzi ng t ool s for specific mol
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e morphol ogi cal c hangeostwa toe rt hien tseurrffaaccet aa
ase behavior of the system are investiagal
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sponsiasgsaeem. oThe average reduced densit
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apébswummari zes t he conclusions of t his

commendations for future work.
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2. l-w@it-eur f actant systems in chemical an
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these systems and the corresponding method:
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momentum trans@ed npraavadsaglesact ant system,
chemi cabnj atcak eadc hi eve di[flfiBarCoutr fabtaoatsveas

i nj efcotredhper ature paObE&Wdtteotl albéreamomd yener s at
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ni c componentsgamnallhehavVvei si gmiafsiecant
or mance df2ltR&heurnfmaetrarct i ons bet ween
ger undesir allee deht asneg $ nechear v intgh eir sésthuzatse
S i mportant to fully wunderstand how t
ems and the mi croscopic mechani sms tr
rt unraatdei ley,merrail ment al i nnseutf itaodcs reeavt esa | suc
racti.onlShesxepldicaltlhhegmgesa | h avwagiped e 0$ etuom

ore new techniquetsefactiadesnti fying mol

his regard,( VDIl mecludtaromdy nlaanve sbeen r ap
nt years and have become a standard t
erties aaampbleeaiywd tofedsBh § D r mo st engi nee
esmiesr, osac opi cwanmpercchpadnsaesdnda ocnorr espondin
oscopic phenomenon. cHowedierectMDY dsinmuwel
cul ar, i at empeodttthit sgad epanci es caused by

Thehyave proven effepei veromhamedembgahit sgande

expl

succ

oringl emcellecphafd@®blpbawiionmul ati ons have

essfudnaltynzeee thot phol ogy and -pokyméri on o

compl etxhél uemos oM t heanmdategoens cp hmend e el e s

ol ei

c, pahnads e h-assusfadtankt ded2bdlomel hiegdptr oces

on mechampi ®msecdctehsastary t heoretical guidance



of sur fhaadD asntt shirdastseurr f act ame e & yeldduecbned at e d
and summari zed.

Recent reseagxml srtaditelse hmsvyee of MD si mul at i

factors and mol ecul ar interactionBhef surf
first I's a summary of the wunique mol ecul a
di scovered by the MD simulations, which <car
observed onThel aegendsaapect i s a summary

employed in MD simulations tld yiselek ptelcdierd
a systematiciroewi @ew MD &p pmluil @ati ons on the 1
i n awmateeul f actant system could build a soli

responsive surfactants in such systems.

22Mol ecul ar dynamics (MD) simulation fur

Il n a general definition, the -yylDospatul aheon
i niMDi ssi mul ati on and cl assical -aMb msiMBDuloati o
mol ecul ar me ¢ haaln i icdD tMdDO mual $akteinbens t i at t he
Oppenhei mer appawmdimaeaton thle vmhae[d8B] and el
The dynamics of the nucl ei caont abe tel eaxtt &€ dn
sur fawlki ch all ows both t hthde/fnfaend tc ®ff anopd mica
i n theThseyrset eamn e i ndeedclse miuadli omea avthieore ¢ lhea
rol e, such as c¢chemi saordp tdii ovna,| eghaé n d roant isoeng ucefs
there abeiMbtsestoudi es focused on the adsorpt

mi ner al surfaces wi t hout consi[d®%,a38]Jon 0



Unfortunately, the compal iinMD tciions-taant- eori It he
surfactant system has far exceeded the com

Thel asEbDcal mul ati on, meanshteiggoaathe v mhahidect

negl ected, and the system obeys the | aws
Newt oni an equabfionsheamfs g mnumenr i cal |y sol ve
predetermined initial state andCbabpecakbkd

MD si mul ations provide a description of th
in a system. This | evel of det ammwaties adeq
surfactant systems.

A workfitlpywMbDéadbsiamul ati &mgiussesRown 1 n

Mo d e | Geomet
Constr L 0Oipt i mi zY

ABuild the mol aASearch for t MViruwd luirze t heg
structure stable confi ysmelmecul ar t g
ASelect the E field

AGenerate t4 ARemove bagd the trajeg
initial c guration

Fi gatle wor kf ltyw MD@aks i anul at i on

221 Model Construction

As di scuscsleads salbcoae , MD si mul ati ons do not ac
Conseqguetnitel ysubstitut e nstorlauroil oenc ufl carr daensdc riinb
i nteracti ohbsea &l lthee fumsreceo ff i el d.

The force field builds a set of parameters
and forces exerted on atoms during the sim

system consists of t hbeo nWedddide r theirmerd end nd  t |



describes thetenacamohscbleaween nearby at
whil e -hdherdednterm describes the intermol ect

i nterhet weaame ar by atoms within a molecul e.

t peot ent i al ener gy Fafgua.esy2st2zZem i s shown in
st ot [ - IEEY
—@I % O

Fig@rZhe pot enctoinaplo seiinteirdgly sismul ati on

| t i s notveawoirotuhsy ttyhpaetltsa wd Heearc eddvelladmed s
force fields adopted different functions t
and thus exhibited their wuni qgueA apdvoapnetrages
selection of the force field determines th
t meccuracy of.FohetbBemmaporiony of studies in
force fields that are applied Iin¢gRB9de the
Optimized Potentials fp40,L4 Qué mi sSStirmul at | Ha

Macr omol ecul ar Me c[hdaad]i CHA RMIVHARMMg r a | For c



(CGen[F&£3] Congpdmsed Opti mi zed Mol ecul ar Pot
Simul ation St u[d4,£]sCo(nGOMRANSEIVBI|I e@¥BEF)or ce
Pol ymer Consistent|[ 4BdrGoceonFngked MBCEEWUI ar
( GROMQ&W9] | NTERFACE, [a5n0d, SAWHAIMRHA onhael | y, du
i mportance of, wait®efrernodtecwaesr model s are
together with Cobhne e hkea tsteg ,efcttalochs of a wat er
align with theappliimadyi f odFasgithibedir@ens al s
resear ch nmoodiufsyeidngonexi sting force fields a
accurately doeagdriichesspecific

The GAFF force field can be wused to model
polymers. Yuan et al. employed the GAFF fo
t hrdeenensi onal pol ymé&hdet-ves@amblrngthbhekavi
the pol ytnmeeanocoarf i nfemE]nFtore fMDe csti mul ati ons
t he GROMOS force fieldsimpthegastnphptadopye
atoms and i mproves the computing efficienc

preseamt-watHeuwr factanboshsOMS and CHARMM f or

suitable. These force fields are widely apfg
as surfactants and solvent s. | NTERFACE and
mo d e |l the solid surfackHowéveni nedwé st o nt hdne

modelmi mgr al s,t rtemeerned oiuswarfkoecnts edf on devel o

uni que parameters to describe different mi.



2. 2D Al gorithms

The essence of MD sNemtl arniiaom & ¢u atoi dshos veoef t
sysf{fé&m]To properly achieve this goal and si
the expected environment, a serimseadftadecht

be empl oyed.

Conductennegr gtyhemitnd mn grmdve@ nunphysical cont ac
and avoid potenti al coll apse of the follow
initial configuration $shmal asi aeedCamman ah
adopted for this purpose include the steep

al gorithmNewtnodniqaunaTshieget eebmst descent al gc
when the system deviates significantly fro
ner a | ocalThenioompmgate gradient al gorith
conjunction with the st etehpee s Vv e dagdsdorepegis met h
the | imitations of t hEhestappleis detdeessic e ot i
Newt oni an al gowiomsmmi asgmohant itime ohkeer t wo

guaNseiwt oni an al gorithm needanititos cian vceurl saitoen .t

The following step of energy minimizati on
categorized into several di stinct phases,
producti on phases. However, t hese di ffere
calcuhatmol ecul ar i nteractionadandl| apdates
the atoms in the system. I n this regard, 5

empl oyed, i ncluding t[hbgb |t die o digtayp I[ \pedrili e th ma |



and Btlenan afl 30]rTintehmel ocity Verl et algorith
the velocity and positions of Tthiee-il @®@magms c al
algorithm i mproves the original Verl et met |
the velocities andTphesot dlencsanlt td rhrbcer saafmet htd
algorithm is higher tha+#irtolgosaée gofri valmsci trye
greateramadchirglcgr comphBeeatmann all goo st hfmor

To properly simul ate the behaviors of mo
conditionsoft héeemywswihdinee sTehe ueopn ceomblee tdfy.
system determines the ther modynCoomnonst at e
thermodynamic ensembles applied in the ML
ensembl e (-N¥Tdni makremsami € andW@xTa] ensem
isot he&rsmoabbanrsiecmb| e EMNRTYXTHh adbpedncsiecmb |l e ( NPH) .

mo s t MD s o hiteedrradtnant, styhset emanoni cal ense
isot hersmoableaemrsembl e are employed to deter min

si mul habhddesmu mmar i zes the wvariables control | e

Tabll&ummary ofi renMR nsbilmewsl ati ons

Ensem Pressure Temperature Vol Numbe Enthalp Total Chemical
ble ume r of particles y energy Potential
Canoni - a a - = -

cal a




Micro - - - a a - a -

Canonical

Grand - a a - - - a
Canonical
Isobari a a - a - - -
c
isothermal
Isoenth a - = a a - -

alpic-

isobaric

Due to the wide aempleimbdteiso rdinals ai rsisoct dgenrsneaib | e
the temperature shoul dchewpeeahmoll decul acrar e
behaviors at dedihgnatednt gmepeuastedr ¢ . MD si
the temperature of the system is known as
t he ®GBNos\ &8 ] Andle5,S]dBrer 6,06 a@&md -ved p&L ¢Tyh e

No@Hoover tédmplmogttaedanded ensembl ewheme@er atu
t hhemagi nariys pesret hcd ehredasty lsdiceabms ac hi eve a Max
di stributi on. rAaanddesrgshozn vteh eorchniotai tebsi oonf of t he
at eachatcomedirg to the Maxwell di stribut

temperBdrueamdenmosc i alt es t he particles t o

[e})



temperature with a tdtmeeontptilhteante mpemtarnt alr lei
ef f. ddte v @ lecsciatl ye ther mostat i mproves t he

introducing a stochastic term to fix the

Maxwel | di stribution.
| n itshoet hiiemwbma@&ih £xembl e, the pressure of the s\
techwmiseue to control the pressure of the sy

the Berendsen bd&radaaat pdRdplsRarthe nBéd endsen
the size of the simulation box scdadlees at

Berendsen barostat is highly efficient at
exponenti al relaxation pressure coupling.

barostat does not produce a <correct t hern
over | wokeldarfgeSisny § tae m&tbo otvleea , Nd Rea hfmamr i n e |
barostat also employs an extenden einsldbl e
a priegco tsleiewbmaain xembl e. However, due to the |
barostat is more appropriate for the produ
The efficienkDsiafulatt oymi daelpends | argely on
calcul ate the nonbonded interactions. Sinc
ti me neededcabesN)wchuihcahDébecomes a significa
tot al Ssimulation time as the number of par
simplest algorithm for cal cul atfifng buanhdan
|l ead to signi f-afcfanrta daima®dhiess ii tf 0 d dndeui agithtboonr o f

|l i st can reducet beefrfoercst boyfn cpeontesecndilioapla gt i cl e



out itcheo€t it range. However, it cannot sol ve
conservativefduschemeheTousol ve thainsg 1 ssue
shifted potenti aFomevahonddermr Wa plr 0 piorstear act i
by the cutoff scheme is small, as the repul
For systems that need to consider the van

range, the dispersi omoandnrrasdcscttohmeeamndmdlfap
to | arigteherelogstrostatic interaction as the
sl ower than the van der Waals interaction.

the shmge amdgleored ectrostatic interaction

reerocal space, which significantly 1increa
a high accur-dMegyh Ewel Bai PME) e met-Medhand sn
Ewal d ( SPMHE)p rfoweet Ewal d metwiodle!l mnapphiegdair =

MD studi e$6B8owddays

223 Trajectory Analysi s

Mol ecul ar trajectories contaimehmpbot aroff

mol ecul es and Ittheii s a@¢mitteir@aalt i bosunder st anc
analyzing tools to extract thelnntéaremation
watseur f act gnttalhsgyasntgeehmesidar f act avatter ati nt bef aad
significantly affects the stability of the
of the system. Muenberdeenpat amset e@and Vi suaea

reveal the change in the distribution and :



speci es. On thadiocodlhedi ©itamidipwttiben | fad n otf i anresa
hydrogen bonds, and potenti al energy refl e
analyzing techniques are summar ianedoiwi t h e
watsewrr f actant system.

A radial di stribution function (RDF) gives
presence of an atom at the origin of an ar
with its center | ocated in a spharmicegl s he

from the r ¢b&fEMeE er ad ioanl di stribution func

(1):
QU

"0 o o
Il n a MD simulation,amdhrg nmanceowses awmhrhet i c
the most probable distamderbedi Wwéemntehsep e ciohi:
RDbBet ween specific grhosuptshewidils taahnsecoeR B &n ccrheas
will converge to a specific value since the
i's propadarttsi oanvaelr atgeeC crosnecced@ Ftabp loln r ef |l ect t
structur al change I nTdhiedis ydte a ahihf@iFdod exal
detacpmeaéss with the variatidm itd@RDPF sval
the calcite mol ecul es [abr6el Thiex RDFdubiengeeehe
atoms in calcite molecules and other at oms

species and threaseahciatna] 6MgsndsstooBDF resul ts

characteri ze -dstfd ekitide sttpaprecsehiernf qpreeacks es, f ac



tdace, -djiasrpgdal@eldaped stacking geometries ca
On the othkedibBamahdcet width,t D& hei ghtgoof

representation of IGaceraicot ecwuéaed i nhat atbhe

oxygen atoms in sulfonate groups and oxygerl
peaks at 0.27nm and O0.51nm, respectivel y.
narrower, indicating a dbéeerbawiooboncenimnateir@
t wo hydration | ayers near the head groups
more stable since it is formed astaeresult
charged group and water mol ecules, and the

water mq IMod welceud .ar dynamigesi sit @ dy u+off a chitgaunat:
decane/ water Il nterface: The synergistic (

hydrophobic tails of surfactants on the in

Theumber densities reflect the di.Bhei butio
number densi t yasoyfs tae nt ocnmapno nbeen tc delaqauialt a toend (&9 ¢
0 & Th F

, C
« v

Ya.. Ya
C
a Y

wheYdei s t he ®Diisn twhiektchr,iosrs ar e a tdfa xeibsc,ch b i n

<
<

is the number of a =M sshé nbtdekeéemns edemdt e
over Itti ms. noteworthy that the numbderngdensi:
all the three dimensions of the system.

One of t he unsoesst ocfo nmmioma @ r-voal tdseurs if taicd @A 1sit N sy st e

t hcehar act et haggagtrieognatafng behavior of wvarious



Szczer a6 8dtudaledd t he effecttheofafbfriinniet yc hoefmi ¢
componendlseiod phthese ont dherwemseare sd & d ®i tsiug f ¢
t hat wat er mol ecul es ar e cl osertr omgetrhe

hydropbvkihiey diyophoofbitche ys me dtrioutglhhenawbol e

Si mul Blte omumbecrammti dedabtsgt ruct ur al change in
Tang et al . i-heeadchganuesd migdueelsesrl ddnsi ti es
dodeaade wat er medxicul|l e»xt rad othned at 0.1 ns,

and 30he tedifhe ploathreambeal deasi ti es of wai
reveakesformation of a water channel near t
Anot her critical parameter that is frequent
sqguare displacementMSIMSibDsd eafa sturee mdl e u leeg s
bet ween tagged at oms .lwfi tthh e uatrtoruaadti ingn mwnd tew
and their surroundi ngs mobkecwiliedsh gb,e tihnep erd e t
Mohammad adails.covered that the MSD of water

drasti ctanbeddi af par ¢ f6.9dhueryf aecxtpalnatisned t hat whe
ar e present, water mol ecul es can form a
supramol ecul ar structure significhmely i mp
MSD can be defined by equation (3):

0YO 90 iTms o

Si mi IYamlny ,et al . compared the MSD of water

addition of surfactant molecules to study



surfdao0¢lt is clear that the MSD curve of we
i s above t he MSD <cur ve of water mol ecul e

demonstrates t hat water mol ecul esThean mo VvV ¢

attraéturdmct ant molecules i mpedes the move
i s consistent with the variation in the c
AEO9 mol ecules near the lignite surface.

The oeakbrgyt he MDi s$itmud azeatoenotf i alt heeinee igiyc an d
enefMdye. kinetic energy of the molecules dep
relatively statbher nwdsetnddtddefl fperrbeppeare ent i al

eneofydi fferentefcloamadhoasnngadh eionnst he equi |l i briwu
Mor eover, It I's the difference between enc¢
conf ormations of the system matters rather
There are various t ecyhinetgdufer@olneouluai | dyaami

simulation resul tsg aft ers tolie aamsglsyteims of t he

For inshteanmda,erf ace fofr neavaitaamlr eacectrgmn ($ FE) e

be calcul ated {(BW)yough the equation

‘00N 0 & (& T

wheC ant@C are the energies of surfact
an -watler system withouTfthesulmFda ctaeareisf abespegt
the surfactant | ayer formed at the O/ W int e

formed | ayersisginncfe ctamet [lyayweerduces the inter



On the othient éraanddt, r ethHteghaetesigiyt ensi ty of I nt
interactions between two or morbetsweenes.
two specilkes eeguassed &%)

O O O ©O §]
wheOeis the interachAbanoB Obeitswetelme stpetcalesene
both HApelBiOCeiss t he energy Aah@iisso |ltahtee de nsepregcyi ¢
t he system wi tBhT hies ocl hactiecde sopfe cd ppesci es i s ve
adjusted according to the specific topic.
concteopti nvestigate tthieseuirrftaecrt amtti camsd bhestaweye r
[ 71 h addieti abhger facca nddbneiiesngedr gwan der Waal s an
inter.ab®i coyntr Coul ammawnf der Waaltanibeer ac:
compared directthey doomi chett @ rnrgi nneet cehramoil senc ud fa r
interdbeiyorsmpl oyed this method itmeanot her
stacking between SDBS moltelta |l mrsi marttyatrmesdc mar

enhances the intergcrt2ilon energy of the sys:

The order parameter arshawmavci al dfors-evfadoutaar
water IiTheeofradee. parameter of any carbon at
cal cul ated awiiBtgm t he

v 9 Ria P
G C

—i s the angtaexibsetoMe ethnh e hbkeoxahpadadophebidc reatil

interest. The direction of a hydrdamhadbi c t ¢



points to the mprkevcaubooaabom Atom. The br
i mply averaging over time and m@lhcehcauilnes. Ol
direction is par a&l.({5ddeh dion t dier enati ino m Xii S ) n d ror
axis), and O meandydhaphtole co[t7abdehm ¢ St isD O
definition, stdhfe toha efri rpatr samed elraytdroamlab dona
cannot be caltchrehatowgd.or Dlerop@gm amet ers, the
mol ecult édet ranadt ur e of t he usnurefraddtoaonltn slt aynecres,
Chapman et al . have presented the order pa
tail s. According to the | ower order par an
concluded that the hydrophobi c atnadi | hsavoef t F
more freedom iconshanol eéiocthloaeeof al pha ol
The formation of hydrogen bonds is consi de
of interface phenomena. AccurateMp identi
simul ati ons aichi eahetnlgoey ugab understanding
inter daavtiDsomal ati ons, the geometric criter:i
the existence of hydrogen bonds. According
hydrdgemaceptor should be | ess than 30A, al

and accefpttomwidhowml . 35 nm.

The hydrogen bonding between the heteroat ol
primary reason why asphaltemé madli e anlde LChea
demonstrated t he formati on of hydr ogen b

mol ecul es, showing that the heteroatoms in



bonding network WwWirdhewawuenbemoloéc lhlyels ogen b
be used to characterize tShee nhyedtr oglh.i larcaltwy
hydrogen bonds formed between vari{idb$ noni c
They concluded that surfactants with a | a
hydrogen bonds witandvatlee moteeased hydro

enhanced the hydrophilicity of the oil dr o

2. T3henteractions betwgeaeaossr phasants and

Water is ubiguitous in chemicalalawady sp ector ol ¢
produced with crude oil durpolgyfmlelmed divager
processes iThet toempiolsi fi ehdaofs thkeympdeaxous |
Al so, the cowmoasent mattihea saegauteoruys ipshopdeseh |

that the thickness of tdwatdoubiheéedibtese wh
surfactants are adsorbed, can be significar
solution. Comvast eequ emmot |l eyc, u I tehse a mdu emtulse rp hasleu
exert siimgmsaoditiodahntt he phase behaviors and rh
surfactafRdorsoheenoneti oal factor to consid
i s ciotngpati bility wi.thTot htehiasguemd,s Iipthase Vi
mi croscopi c mecslhawats er omafihfeewti e he -struct ut
assemblies of surfactants and their abilit"

A fundament al mechani sm of cations interact



the double hydration | ayer for Mamnd atroahd t
investigatedfatnne Moyf fteheet hgfdr@ayen bonding st
palr group of differentatami MDi s[ fn8 | Taheidbraat s
ressahosendwbydr dtaiyems can be observed near
anionic surfactants. The first hydrati on
interaction between the charged polar grou
The hydr slpetnwebeomdwat er molyelcalteo®ni haykbe fn
surrounding water mol ectthes spromdt eaytdhatifc
NumerMhist udi es on sruerpfoarcteads ctolvehay e o f t he
hydr ateirons tleanyed mplr @yhe ds mechani sm to interpr
behavy7ieB f s

Il nterestihagl!l yo,eein tiecreovaldenthaandi nditvlad ent
aqgueouscamhasneduce di ff ei emnutphhee cdhtarnu cstmsr ei no |
hydr ati Dme |l earyer gy ‘"l ar rcioemme fimrt oNa he first t
| ower than dival enti sc agdd soinesr, tne amiimdgy arhdatur
head groups through electrostatic interact
the'idal ooser than those around tchaeusdesval en
fewer disruptions to the original hydrati o
cati ons. Becaarseer goyf | itahriersihemghe adi bhisc slutc hf @
Mg*and?iCm t he aqtue olmisn ¢ hais peoul nabri nhdelatmdo gr oup
addition, owing to their higher valence, t}

hydration | ayer, which can disrupt the or



compressing the thickAnesisl loufsttriad | loynd rodt itohr
hydration | ayers around t hrae gs@Qu.riBfi gatraent2.Bea
(ar)epr elseendrsi gi nal doubl e hydration;|l ayers
Fi gur(ebd)2 n8iteesdotubl e hydration | ayers when t
first hy dfiaguroeni 4 lady shfec pd ewsb Ite hydrati on | a\
divalent i1 ons enter into the second hydrat]
] H H
; f__‘H/H*H H_.o\"'._,H/ i
a\ H
oA 5; H o /Wé/
i -‘
'] S
|
O(hedd)-O(water) RDF { | || |
"_,’1\,_" T {)(hAefd)-()(watcr) RDF : :l Sb(hcad)-()(walcr) RDF
0'& 1 system B 11- ) T |‘_2 8_TI ll / P |>I‘-.>_ ——
> 7 system D | i|0',__r' | system D
1 -
: (a) . (b) ‘l (c)
Figu3ln 2.1l lustration of the hydrafv.bh | ayer
On the ohkbeprlkeaprdcet of divalent ions can p
bridge between surfactant pol ar head groufg
surfactants. 8 a minea hekfdfrepcit eotf t asbtnr obnrgi tdhge n g
mor phol ogy ofassweri@bHTyt eayn tscowledtedt he presenc
excess salt resudndghsmbaer aol at b esr ntaogngstiksgt get nit h
with previous eXpesi mMéemd plh dpiytmhaed | fnlgcsg ht hat



ionic strength has a stronger screening ef
reduwtghe el ectrostatic repulsion behegen th
proposed that the enhanced structur al rigi
di valenbubatiadcngibdbuted to forming a relat.i
t he nreairgesbior hFeuardt hgergmwogse.mpar i ng the | i f et
bridges under di ff exreddntt hadimeétdh estNa nigd m sbhr i d
l ess stabinedihaedai Bhi brsdggests that the \
significantly affect the interaction betwe
concl u¥ano netofal

The hydration | ayer of surfactant head gr ourg
head groups can be cnhoadriafciteedr iasctciocrsd i onfg ctoou ntt
the system. For exampl e, t?2faen d?'degsne ncchea nogfe d i
the distribution of tmamouvaioesatt hg dhileoghBaad
cations in the aqueous phase can decrease

the charged surfhascsemboli €esr badt aedusel t he r
sedssemblies of anionic suufactawhtshbgpft ewe
to unstabl e Mblhastesudiitechavedr a detail ed desc
compression of the double diffuse | ayer oc
the system, revealing that this can be int
di stribution ofnthodogsabubebingathensriginal

Chen réeparit.ed t hat salniehdoi uaBhia di doBrijd gmeroir et g e

st atbhaen t hoseNdmetdhat edrblfeor memrenug 8 Binfi gher



Conseqdewal gnt cations have | ess chance to
the ion bridge.hikohwvedrweerc,e sdiwan dt,ch et M@y sat ur :
interface more efficiently etxhcd rufdtinay thime ov a
interfaci al region. As a result, the head ¢
by *Nlati ons and more solvated by water. Suc

arrangement of t he,caluksymmogtiecas 6 sadnedfhee drnef act

interfathaeteffayer. di valent cations in the
fluctuated interface with a | ower bending
The i mpact of divalent cations on alterincg
modi fication in the distribution of mo nov:

changing the distributi on wdhfi cnhonosv a&lyepntc ad i
to have a negligible effeacstseanbl it es 9@ faac
surfabaant®esnvals.ttihgatieocdh valency and concent
structure and ther moatyemramicct @emrfopeed i wist o far
[8 B Besides | owering the distance -between
bridging, it i'safouesultthaitntihie Carr ii i mefta
si mCdé asst rong el ect swistlmthe amitenacd stwmé act :
ani ons.Ani kemc€Cemcé mdgfr @ad@li ¢ me ciamt en madce&r n, me
Céd*cati on.Tthrei dogeddst i ng of a |l pardts dfo @atnioonnu nhb
di stribution of surfactants at the interf a
the interface because of acamadiagretl yi pelned

into the hydrfatnidont hlea ylaeerasd hogeraolidpre ct r ost at i



interacti édmat iamrd Iteraied dNeas teor edi‘sastoicomt ®r it h@ens
This explains why the "canpopetht ba&t iombgsebelrayv
divalent cations in the system. Pheaddstrick
the scheme of 1 on briHKigge®: ifg utrfeedy2 nsdttuedsy 1 s
therfsactant di stributions ifhad heoumttenrifars
Figuredegndth@blsactant distribution@anidn the i
Céd'as coufFti guir@mp® ovvRDbfEs of different speciesc
gr ouphkaebisrenc’éFioduiCaplo 4R of different spe
the head g¥'Bugsr(edi)Plhd €£tat gpés aFiiganm(eb)2i. dige

i || ushter aitoerss bri dge distri;Fugiuo @gg)2 i sdiaf f er

i Il ustr actalolne dofp éanisabgen i on



SDS YVl

.;’u"nl'ithuu_t,'CaCIz (V)

0¥ ‘.l\-‘}-. i, & [
a : i 3
[] L 1-.?1._ =
o . -
fr, SOF0L = & n.r-ﬁ“_'__‘ "
b - * -5'::\- ..1-:--'-4L o
e

"
i

.

B0 soRpd
. ‘:u-.l-.- "‘ -~ o
we Pl bl
e & -
y 1%‘|;“ & " l'.-'
£ [TV TN
L | s S50
4

x|V o

L

l"h
Ligt

L

i

g

Without CaCls (IV) With CaClz (IW_Ca)
c) 2] dj

""" 505 _S5-Ci 1 a3y " SDS_S-Ca®f10-- 505 S0
— 5D5 5-5D5 % ] Vg 042 ogs

SDS_S-5D5 %5

RDFs

b J_.I
RDFs

i 1

1 02
= = SD5-Ca¥-50S
E ik Sﬂﬁ—“ﬂ*-ﬁﬂﬁ ...........................
£ 307
= i e 042
= e B P -
£ i L ¥
" o H e ; -
2 A =] i T
2 - H s
Criterion for cation brid;é : g, 10 i .ﬁ\
1.dis_1 <043 nm E ] L ooar o X
2, dis_2 < 0,43 nm e O T _\ :
<] i ) :
Note: s 3isthexais nFiwe 40 5 o S'Spg-s distance (m) ... =

Figu4Tehe .ef f2docnt tohfe Chai sttantbusuohacbéaniNsa and
of T onN8kridge

Further research has suggested that even i
water and sur f act antcsh ahigfdisa rmeurctt luyr,e roefs uhl ytdil
| ay At ben seudinéeed | mpact of di fferent monova
mor phol ogies -atsembfuact Andamekil dan[@®k hbadgess
They found that the morphol ogies of the su
despite the different counterions used. Ho
head groups exhi bi tDeude stiogntind csainz e ad it fefrert a

i ons, their distributions Addé&nt tdeanssiiattyer f a



profi l'@sd'efkahliibit a"chaebsaectedtiughtei.cvCss a si mi l
trend, but it di splays duei homumsandargese
di stribufiendobtiNMHgui shabl esafroacomatdkee othg
Visualized spatial distributions of differ:
are shHawm@rwnth an increase in the size of
monol ayer decr easesThdeuye atlos ot hhen vetsdriiga t efdf ©
type of ion bridges mediated bOSadMHf er ent
bind to the sulfateagdoubps &@ddeNHaayéy t har
more chance to be bound to moriggemhamonhwo

strudoMheme.examining how different I ons i nt
surrounddInfpautghte i s obGSamrwed itghdtl yulbfoatme t o
group and cause displacement of water mol e
hydrati on. On NW'hieo net hcearn hcaonmip,et e wi th wat
hydrogen bonds within the hydration | ayer,
sul §podrpisons are slightl*yohessbhydthaegdi nh:i

the sulfate groups al most equally.



(b) SDS

(d) ADS

Fi gubSp a2t.i al di stributions of water (red an

atoms in water mol ecul es, respectivel y) an



groap

Peng ®howédndohgani c count ematonsnlicyant heltheaad
of SD&| datewf rCaHgment s clI[BfH twasthHeouB8DODSthat
interactiwon hemergisgsnoudpasr wWweorre o€ f poeahnti ar
mean sibodr de fferentf riacognmsehrotishdahe t @G i nt er actii

strong, f ol ICowK>NNjz Ltih €T herdcdror e, they propo

strong interaction bedfwegmendwsntodr iSDnSs carud
why the counterions with | arger radius can
| ayer even though the interactunberiemmes gaes

close toBaaed onhehese fi ndiangsl,arigte wau nd a
can enhance the adsorption HofweSES , malhecyu lae
stressed that an accurate description of m
groups and counterions at the i1 nterface s

guantum chemistry calcul atoonductandt ithescus

stage.
Besindoensoval ent i ons, di fferent di val ent i o
i mpacts on the hydration | ayer Yfaareundalthe

reporte’di darhsatnevlgd t o overcome a higher ener
|l ayer of t htehasdd[TGaatTeé waroupmnd Singh calcul a
eneérmrog 2Nagn d? iCaf8$hTh dy un daltthiéntutghh*a @a * cNaan

enter the first hydr atid'oxhilbiytesr a fhitcheers ud



the stronger electrostatiionsntanapénenr atl a

hydration | ayer. They can only coordi

nat e

It was also noticeable that sgvemeatsta emigd In

interaction between sulfate ditconpsnstiati oinr

On the ot he?rf anialnedd, ttoheenMgance t he

a high concentration of O0.5M MgCl

i nteract.

Xu et al . connsotdreulc ttehda tt hienicrl uMiDe s vari ous 1 0
to simulate surfactant performance under p
oversi mpl-f &cedr s §8nfgithkeayt ifoonund t hat the agg
anionic surfactant sodium dodecyl benzen:t
influenced by the cati odsNaiKr MgheTliyst @md evi
reflects tha%'meditdatoaudyhi drhebrMigdge is t he mo
previously investigated cations, the diffi
its ability to enhance t hel nagagrceognapli eoxn soyfs
where all these “Tmak oo sfoaweri puésens, t kilgn m

i ons Tankdéi WNat he aggregation of surfactant

hard to dr aw acotoonr tshiemwli antgihaen g raesttl lye c® mpe

against each ot hleor i mavatuseur flsa cntua natt hseynsst. e nss

an enrichment of i onsiwitthuvamyi n@ Kalbendbe:

of surfactant mol ecul es i nteract

wi t h t

he

achieved from such simus$ athomsai tani ggi dber

di f f erwantseurr f act anmor gy setfefresct i vel vy,

consi

de



component hpme<ant aind petrol eum engineerin
Ot her than the i1 norganic i ons, idowlads di s
induce more significant changesass$emblhiee aor
and the phase behavior of the system than
probed theawredf eailtaosp ftahGsk mor phol ogi cal tran

mi c4g88 eThey discovered itdhmgd arhee cdwdhisavy loa tse

di fferent near the micelle surifarcse,r d iade n
weakly on the micelle isumsimceoenehi &ee thet
hydrophobic core of the micelle and associ
As a reouwmist beGlave as a typical counterion
spherical shape of t hieoeaenkifceeltliev.el Ho wenvce re,a sse:
packi parameters of CTAC, favoring a much

promoting the floirkmeatmiome lolfYeua nwiedhiptladoy.reall lay ,
series of di fferent’) tebuabékybasmwnt amagT A4
dodecyl Julaftattehe( BRt elrh esyu raflascoe f ound t hat
parts offcatnhe nTAA act wi €Consbguéennl pepEADSt e
into the surfactant monol ayer ~.anMeafnonwhm |ae , mi
the hydrophobi ctfasmfdfaddSto e ttweee nc TeAGAg 8 d | par t
enter the first-hewpdr amidam sthiggasy ériecdadicheddp
number of hydrogenhkanmdgrofupwat dmheared ubD$ qu
organi c cogugtsti omat omrsgam@minc i amawemtaent mor e

sur f amotl @amtwlees o both the hydrophobic effect



increase the critical p aacnfdantgphre afr @ammd teir sn o

more comps$egmblese findings suggest the pot

acid molecules and other organic i ons pres:
surfactants. The misxed amétaoltayandf dr gadi ty ¢
i's shbiwgpanlét i s evident that varying number

TAAcan penetrate the monolayer due to the h

behavior of an organic counterion compared

»

\é)\$\/ 6“@/

AL '*/\” %

FiguleA Zchematic representation of a sur

count g89pns

Il n previous experiments, it has been found
salinity and hegrrdarcas sc adf atphpdiidcraito ecurss®@ inm Nna io
surf al@0aht &l t hough the pr etsheantcfeecdaf tihreo rpghaar
behavior of i onic surfactants can be expl
interaction between charged species, it (S

phase behavior of noni oni ¢c suulfatcit@amd shave



focused on understanding the pesfadrimange o
environment and investigating their mechan
Bar bosa et al . i nvestigated t he I nterfaci
surfactants in the presepPddhely bbgkr cedcel
di fferent nonionic surfactants show signitf
iorc spebuéesthe poompsdhmndiogt tal sur fact ant | a
di strsabud i densi ty predfaituineed Jtyeirtemda var yi ng i
strenmdgtelys.al so reported that the number an
bet ween the surfactant and water molecul es
strength of the aqueous phase,uewhciec ht hseu g g
hydration behavior of the nonionic surfact,
Ga nagt al . explored the interfacial proper
nonyl phenol ethoxy-aaom MDr $§ @du BTaht esyo nrse pnogr tael
that the number of ethoxy (EO) wunits is cri

and salt tol ermaasxced odurifoand tca mtl k,0 xlylboit @h pos s

nonionic and ahnonihe surmud atta mins., the <car
surfactant mol ecules bind with cations in
mainly interact with wat.Ars molrecuwllds itrmei tc
group is sensitive tAstbhalrchasg=se, htohe omumb
water molecules in t,heanhdyelr da sbe udn Itaoy etrh ed e c

carboxyl grtohdee hylde a dpicolga radgat e wep e ased sol ubi

of surfawdwaer, an increasing number of EO



compensate for such an effect, as the num
number of EO groups bamMelryyowvlkrangas &t eh ing md

groups of the surfactant iwadreeasag ertflfaec es br

thicker, by which a more ordered surfactan
the interfacial tension.
Lin et al al so reported similar effects of

resi st afdd hteogh seealvit hat t he aggregating beha
groups was significantl.y lanf fcaneterdawypet he f
hydrogen bonds formed between the ethoxy gt
despite varying elAddtirtdloyntad | ¢y n cXeaintertatalo.ns
existence of EO groups cQa&if rpame vieinntditrhge bsy |l e
di spl aciCdg npgar tt hef bul k phCasteo odri sattrtirbaucttei nag
EO grifopf€onsequently, the i1 on bridging effe
mechani sms, and the stability ofMutshansur f a
and coll eagues fouUvhAd tahdtaCtlhe od didiptoied it amf cG
of "Neaeom a surfactant monol [@@erHotweavteri,s idt a
interface is stabilized by sowilulm bauonl y
par tdiasigliyat e t he alghueeyoautst rpihbausteed t he di ff er e
withtioonshe extra spm@fgrcoapt | ndemed dgmagupt
prevented substanti al dehydration of the s
Speci fhe-ast gckitng between the beniznena ring

surfactantcamome | eafyfeect i velAyx chirgti mrgbdad bBMu tel
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‘e stacking between STDB&s moil ecuptesd amy Cla

ectrostatic interaction between head gro
stribution function PrPd Thedy apr cdposssad bitult
rengtsht acfki ng was weaker than that of Co
oups and divalent I ons. This |l eads to a

rfactant arrangement stAaskaampieldubtruthare

e SDBS monol ayer became more disordered,
re parallelly at the interface.
sed on these MD studies, it can be concl
fect the struaeasseebbiesuahdctaeirsekffor
in mechanisms. First, they sigmnarfitchaent | vy
| ar groups of surfactantsagg$Segand,ngt lbey at
surfactants through the ion bridges. B
enomena can affect the performanfce of S |
l'tiple types of ions are present 1in the
r available space in the interface regi
gregating behavior and morphol ogi cal pr o]
r future studies, more attention shoul d I

nic strength on the aggregating behavior
t that the synergistic effectchbeemiweaelns di

e present i n the system besides surfact:

ignificantly i mpact the resulting phase b



that differs from whatf awdwlrd ime edrtawmtfirooom
a |l ack of studies that concern the effect

aggregating behayvikonrowonf dsruarw baacctka ret¢si.lt dAe wcell a

mechanics MD simulation is the neglect of
mol ecul es, whi ch of ten | eads t o a | ower
overestimates the electrostatic inttemheactio

association between charged species predic
than it shoul d be, such as the interaction
omwater i hher fsaaenatl ati on detail s for MD st

summar iTabedl.e2 n

Tabl2&6u2mary of MD si mul ation packages and

t heef f ect of water and i ons on the pertf

Software Force Field MD Parameters Mechanism Refs

1 The structure of the surfactant layer affected
{ Radialdistribution functions
different counterions is studied.

i Thestrengths of association between head

1 Intrinsic density profiles

GROMACS 1 OPLSAA groups and different counterions are compared [82]

using RDF. The relative positions of counterions
1 Spatial distribution function and head groups are revealed by spatial
distribution functions.

§ The effect of valence and concentration of
1 Radial distribution function  counterions on the morphology of the SDS

surfactant layer is investigated.

GROMACS 1 CHARMM-36 1 Theipentlagkoend structur [83]
1 Concentration profiles

is characterized by visual analysis.

1 Spatial distribution function § Theformation of ion bridge can be determines

1 Visual analysis using distance criterion.

I Theeffect of different monovalent counterions
LAMMPS | CHARMM-36 1 Intrinsic density profiles [84]
on the surfactant monolayer is studied.




1 Radial distribution functions { Theintrinsic surface defines a continuous
1 Spatial distribution interface to represent the contact between head
functions groups and the aqueous phase.
9 Theeffect of different counterions on the
1 Radial distribution functions
surface tension of a SDS solution is examined.
1 Potential of mean forces 9 Thepotential of mean forces is derived from
GROMACS 1 GROMOS 54a7 [85]
the RDF, which also reflects the strength of
§ Concentration profiles interaction between head groups and different
counterions.
1 Theimpact of SDBS on the stability of crude
1 Radial distribution functions oil-brine water is explored, different from single
factor MD studies.
Materials Studio  COMPASS [87]
1 Concentration profiles 1 Basedon the relative peak positions of
different ions in the RDF plot, the structure of thi
1 Interface formation energy . X 5
hydration shell of head groups is built.
§ Theeffect of different salts on the
1 Radial distribution functions ~ morphological changes in the CTAC self
assemblies in an aqueous solution is explored.
GROMACS 1 GROMOS 45a3 [88]
1 Concentration profiles 1 Themorphological changes can be
characterized with both the concentration profile
1 Visual analysis . .
and visual analysis.
1 Thecommon inorganic counterions are
1 Hydrogen bonds replaced with organic ones to explore their effec
on the surfactant layer.
GROMACS 1 GROMOS 53a6 1 Time correlation functions {1 Thehydrogen bonds formed between head [89]
of hydrogen bonds groups and waters are calculated, and their
lifetime are revealed by the time correlation
1 Order parameters
functions.
1 Interfacial tension 1 Theimpacts of screening effect and ion bridge
on the IFT of a watedecane interface are
1 Concentration profile . .
investigated.
GROMACS 1 GROMOS 54a7 1 Hydrogen bonds 1 ThelFT are calculated in MD simulations [98]
based on the pressure tensor of the system. Re
1 Selfdiffusion coefficients have shown that the salt exercts a complex
influence on the IFT.
1 Theeffect of salts on the aggregation behavic
1 Interfacial tension
of SDBS at the oilvater interface is explored.
1 Angle distribution functions 1 Theangle distribution functions indicate that
GROMACS 1 GROMOS 53a6 [99]
the orientation of surfactants are changed by the
4 Radial distribution functions addition of salts due to the strong electrostatic

interactions.




2.TAhe i nteractions betwbdasesurfactants a

Traditionally, the theoretical understandi
omwater i nterface has been based on t he | ¢
Further mor e, snosft antdalrefaTeeadlu cdan on has center

hydration characteristics of the hheemad gr ou
groups and counteri,ass discubsedquerotheplipa:

Howe wairmersawsdi es have highl iadktasdk etclue esr uc

present in the system,plwhasehbebavisiogantodnt h
[ D10 B

Previous experimental works have reported
water interface cannot be well explained b
[AA0O Y ReceRmBl Mer man et al . suggested that t
al kane depends on the interaction between t
t he | mtasrefdaomen t hei r[ ABAT nae avseurrye nfeonvi sconcen
surfactant, the alkane mol ecules can increEe
interface. Even a few surfactant mol ecul es
the 1interGarcv arl sallayyarg.her concceceompfadte ons,

available space in the interfacial |l ayer,

mec hah®s m
Later, Schneck et al . conductmpdoMD osi mul a
mo |l ecounl etshe damdrabuamsmearharcctt ants in the in

[ 1PThe compari son of t he -wautrefra citnatnetr freocneo | aany



water interfRiceQild dlei ct idmiflaecttiamn,s tdhe tsr
more evenhlwatatr tme eoif lavad etrhamtetr ftakce , aiwh i
théi gher iedsff icFEnageduwet enl iThhteercflawcset er i ng
surfawsarertxpl ained by the sban wden Wael ¢ ai h
di fferent surfactants or bet weeerael moet t ai l

equi val ent.Wt b haelakcahn eo tnoelrecul es, t hea hydroph

power f ul driving force for the surfactants
an alternatwaver atnt @def add, the influence
reduced, resulting 1in a moQne tehvee no tdhiesrt rh &

di fferent from the hypothesis of Fainer man
that the reorientation of oil mol ecul es co
interface coverage.
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FiguThAk s2ur factant mwantodrayient ertf achee aond t he

of differentwastpearci ast gritl®gyat em

2.ur factant Synergistic Effect

Various kinds of surfactants have been suc

processes according to [tloElor eeamelcé] vani



surfactants are most widely used in the 1nc
satisfying effect on I FT reduction. Howeve
high salinityoiolf ,tibeelpdci akl ynthédehigh conc
i ofld]l Nonionic surfactants exhibit good rec
the variatiomlilp tCampematcurseur factants are
wettability altegr atuitont hien rt hhe grhe sperrovdouicrt i ot
human beings I imit their application condi
to be highly water soluble and tolerant to

their cosil1BBL vVEugmchHhi ghal surfactants are

achieve various desirable [efISFllhct s, such as
To utilize their <char a&dteersihsotritecsocnma mdytsic eorhp e
various surfactants are often mivaedoansd ir

condiltn oawsma.t@auwlr f act ant heystuefmactant that r e«
system is <called the primary surfactant,

behavi or arseurcfasgkcktpadnrtti.me nftaav e srtauwdd aelsed t hat
surfactant combinations can peifflghifn better
For exampl e, i n a mixture of nonionic surf
surfactants can effectively r ecdhuacrlegeeadit e el e c
groups of ionic surfactants, favoring the
adsorption | ayer at a[ldP2MWerFoemumdlaztiamg & oo
surfactant with an anionic surfactant can |

density of surfactants in the interfacial



oppositely chp2mg2# head groups
MD simul ations were frequentoly sppl aetdantos
the inteifacedetiwvadinnghe perf osmadaetamtt me xt

The array behaviors of surfactants encom

rearrangement of their hydrophobic tails i
interhaaear.early MD study, Domi nguez found
and nonionic surfactant, the SDS tails are

SDS mon[fodhayEme hydrophobic tails of the noi
are | onger and more ®&sddrhed ctomaxrent has e oo f
surfactants increases at the interface, th
to bend while thosTéhiof mMe@R$ st cdtahdctd rebtie adttiiegoirdesr
noni onic surfactants, the hydrophobic tail:
Il n a separate study, Domi nguez discovered
i nf | ueanrcrea ntghdemesrutr f actaaant hmi xhhee€ebygedeterm
t heint erfaci alpeprrfooprefignidess saywmer giasisibe ef f ec
chargiestrobubboh head gr aups$ hanldenatdeiunhga eteq o
changtehbseor phol ogy and the elect.rostatngc pbe
hydr at iaono ulnady eirhe head drecwups ewiolfl thhe afefde c
For different surfactant mixtures, the ori
head groApstwhaeriederface composed of noni ol
water mol ecules are attracted closer to th

their oxygen atoms pointing towards the po:
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nionic/ anionic surfactant mi xtur e, it i s

ad groups of anionic surfactants, with t|
ionic surfactants. Such a diffebence in
pl ained by the stronger Coulomb interact
|l ecul es.

en used al one, nonioni c surfactants cat
|l ecul es in the hydrati onl hlea yheyrd rcoognepa raet do mm
ter molecules tend to point outFeward t he

nionic/ionic surfactant mixture, there 1i:s
th the water molecules in the interface
rfactant | ayer wil/ al so hefasygdhmot fro
wevert hessteonaser e conducted -R@UY feoarrcley, f itehl

rametersahdr csumd@aicit @ant s Wheersee isnucrofnapclteat ne
e modi fied from the model of SDS ani on
nnegligible deviation from the practic
verthehese® studies provided a good model
havior based on the arrangement of t he
stribution.

i et udlheed i nterface behaofzwirt todr iao nbicr/ arnyi
r f afcifanThey examined the interfacial thi
d single surfactant systems. It was repor

creases in comparison with single surfac



According to the density profile, the di st
surfactant (alkyl sulfobetaine, ASB) and t|
benzene sulfonate, SDBS) I's exactlg the sa
consistency of extensions of their hydroph
SDBS and ASB mol eculBeass eairhee narlesloa tri evaer rpaonsg et di
head Cadoups, al . proposed two types of syne
SDBS mol ecules are | ocated beside the ASB
generate competit-wateeadsotptianeat Ot her wi &
of SDBS are | ocated within the interface r
teeadn mi xed adsorption. They concluded that
surfactant adsorbent process for Thhe zwit
di fferent adsorptioRige@hBimgsr ai2.luktAa)at eat
thessem of a sole zwitterion;iFd gsuef &c t8an(tB)
denohteessytst em of a sol as atwirtatead pendgoe reseutr rf aatc
2.8 i(Clushte amiexsed adsorption and competitiyv
sysgtFeamur e i 2. & shted Jantiexsedt adsor pti on and comp«

the mixture system at a higher concentrati



J WATER

Figu8Tehe .arrangements wdtsesurffdAfenhaseat the

Ergin et al . mi xed an anionic surfactant S
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evolution mi xture at the interface.
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f Radi al 1 The interaction between sur
di stributi interaction between surfactants
The weaker peak indicates that
between carboxyl groups and sodi
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2 . BBf fect of Force Field
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is often based on past e xNuemereonuse ss truad iheesr
reported that certain force fields may devi
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chemical characteristics of the target mol



may generate results that minsiomtdemrprrntet omitad
the use of the MD tool and prevent any pot ¢
fields, It i s essenti al to have a good und
are expected to be simulodtdadche drwel If i &ed dt |
to simulating certain objectives.

For instatmite,| dwesymt heti c cost and good pe
applications, the SDS is often used as a t
investigate the phase behavior of the syst.
i nveste gaftfeactt hof the force field on SDS mi
empl oyed three versions of GROMOS ( GROMO
GROMOS53A6UA, OPP&E&,S and CHARMM3[B4Adtee fiel
comparing SDS micelltehdbaocet hkgsddbt dhiamnedh
CHARMM36 force field was the most effective
head groulpheofuan8b®.df orce fields failed to
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up to 300. They attributed the different p
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influence this process by Nstlrtomwagnlsy forunwe &k
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paramd®tl®r §he tight bifranWd npsatdhegweaps Naan
el ectrostatic repulsion between head groupg

surfactants and the i ncolrhriectf immidliaaygerdidH ap



from the previous conclusion made by Tang
was better for achieving a realistic distal

Farafonovempbdatikehedt heir parameters for th

i ni tdieavlellyyped specifically for al kyl sul fat
Lennlampeasr ameters for the oxygen atoms in S
adjusted. This could expl"fand whyecembheaukbk

not yield favorable results with their SDS
Based on the parameters r e c o Abmded&ldesidm by F.
conducted a much‘sfl oagerf seumd!| ahabnt héir SLC
exhibitydistdablcal micell e, and the SDS agg
smal |l er sph®5l cTlali aniccoentlreasdi cti on with the
to be related to the nonbonded-Apamadel gr s
as suggested by Farafonov anAbdiA&lredn prev
devel oped a set of nonbonded pa-AAmkBbecse wi i
field for the si-Audiami wmd atfe S DitShe Abtdemi ¢ ¢
mol ecul e using different popul-SaSMD,o nRES R | y s ¢
and CM5) and evaluated e¢the. pletr fwasnafncwersd otf h
sets calculated by DBMO, c@Hell gp@d -ldinkdeaCltd lar
mi celle for a |l ong simulation time in con
AbdAkeim cl ai med that this set of new at omi
par ameters, woul d be effective in describi

mol ecul es, SDSN&dead groups, and



Devel oping force field parametersFbor othe
examphlee,extt endedk rsmauwrfaa arscametl icsl amoxni ohi @ani o
surfactant used wias E®OGRenHbweveported that
canmhteccurately described by generic force
Yu et al . have suggested that the flexibi
surfactants 1is similar [1lt5JdAst haatr eosheltther si ay
parameters of extended surfactants play a
the force field. These parameters must be
phase behaviors of extendéd saddfacbant shweiyt
out that the coverage of tfa mxrefda citnaviitrsa daitt itol
simulations to investigate interfacial pr
experi ment al studi es, where interfacial pr
di fferent surfacta@MG@Gnanaaemrtcrhatnigon $realmawxe mt
excess cohkcemefrateonit makes t her @directced ma

phase behavior and the experimental result:

Ref erences

[1] Manrigue E, Thomas C, Ravikiran R, Izadi M, Lantz M, Romero J, et al. EOR:
Current Status and Opportunities. SPE Improv Oil Recover Symp 2010:SPE
130113MS. https://doi.org/10.2118/130118S.

[2] Sheng JJ. Status of surfactant EOR technology. Petroleum 20130507
https://doi.org/https://doi.org/10.1016/j.petim.2015.07.003.

[8] Ghasemi M, Shafiei A, Foroozesh J. A systematic and critical review of

application of molecular dynamics simulation in low salinity water injection.



[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

Adv Colloid Interface Sci 2022;300:102594.
https://doi.org/10.1016/j.cis.2021.102594.

Gbadamosi AO, Junin R, Manan MA, Agi A, Yusuff AS. An overview of
chemical enhanced oil recovery: recent advances and prospects. Int Nano Lett
2019;9:171202. https://doi.org/10.1007/s400829-02728.

Jain S, Pachisia H, Sharma A, Patel S, Patel S, Ragunathan B. A systematic
review i Chemical EOR using surfactants and polymers. Mater Today Proc
2022;62:72203. https://doi.org/https://doi.org/10.1016/j.matpr.2022.03.602.

Li Z, Kang W, Yang H, Zhou B, Jiang H, Liu D, et al. Advances of
supramolecular interaction systems for improved oil recovery (IOR). Adv
Colloid Interface Sci 2022;301:102617.
https://doi.org/https://doi.org/10.1016/j.cis.2022.102617.

Kamal MS, Hussein IA, Sultan AS. Review on Surfactant Flooding: Phase
Behavior, Retention, IFT, and Field Applications. Energy & Fuels
2017;31:770120. https://doi.org/10.1021/acs.energyfuels.7b00353.

Li X, Yan Z, Wei K, Zhu X, Zhu L, Huo T, et al. Peseale investigation on the
flow behavior and oil displacement of ultralow IFT surfactant flooding based on
CFD simulation. Colloids Surfaces A Physicochem Eng Asp 2023;679:132555.
https://doi.org/htps://doi.org/10.1016/j.colsurfa.2023.132555.

Cao H, Li Y, Gao W, Cao J, Sun B, Zhang J. Experimental investigation on the
effect of interfacial properties of chemical flooding for enhanced heavy oil
recovery. Colloids Surfaces A Physicochem Eng Asp 2023;677:132335.
https://doi.org/https://doi.of§0.1016/j.colsurfa.2023.132335.

Bahraminejad H, Manshad AK, Keshavarz A. Characterization, Micellization
Behavior, and Performance of a Novel Surfactant Derived from Gundelia
tournefortii Plant during Chemical Enhanced Oil Recovery. Energy & Fuels
2021;35:125D72. https://doi.org/1A021/acs.energyfuels.0c03272.

Chen J, Jin X, Li L, Dai C, Zhao G. Construction and performance evaluation of

novel compound oil displacement system for enhanced oil recovery. J Mol Liq



[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

2023;387:122618. https://doi.org/https://doi.org/10.1016/j.molliq.2023.122618.
Zhao J, Wen D. Porscale simulation of wettability and interfacial tension
effects on flooding process for enhanced oil recovery. RSC Adv 2017;7i41391
8. https://doi.org/10.1039/C7RA07325A.

Samanta A, Bera A, Ojha K, Mandal A. Comparative studies on enhanced oil
recovery by alkalisurfactant and polymer flooding. J Pet Explor Prod Technol
2012;2:6774. https://doi.org/10.1007/s132022-0021-2.

Rezk MY, Allam NK. Impact of Nanotechnology on Enhanced Oil Recovery: A
Mini-Review. Ind Eng Chem Res 2019;58:16P89.
https://doi.org/10.1021/acs.iecr.9b03693.

Mohammadzadeh O, Sedaghat MH, Kord S, Zendehboudi S, Giesy JP. Pore
level visual analysis of heavy oil recovery using chemassisted waterflooding
process i Use of a new chemical agent. Fuel 2019;239%:282
https://doi.org/https://doi.org/10.1016/j.fuel.2018.10.104.

Negin C, Ali S, Xie Q. Most common surfactants employed in chemical
enhanced oil recovery. Petroleum 2017;31247.
https://doi.org/https://doi.org/10.1016/j.petim.2016.11.007.

Kurnia I, Zhang G, Han X, Yu J. Zwitteriorenionic surfactant mixture for
chemical enhanced oil recovery without alkali. Fuel 2020;259:116236.
https://doi.org/https://doi.org/10.1016/j.fuel.2019.116236.

Madani M, Zargar G, Takassi MA, Daryasafar A, Wood DA, Zhang Z.
Fundamental investigation of an environmentéligndly surfactant agent for
chemical enhanced oil recovery. Fuel 2019;238:986
https://doi.org/https://doi.org/10.1016/j.fuel.2018 1d5b.

SaboorianJooybari H, Dejam M, Chen Z. Heavy oil polymer flooding from
laboratory core floods to pilot tests and field applications:-Ektitury studies.

J Pet Sci Eng 2016;142:18HE00.
https://doi.org/https://doi.org/10.1016/j.petrol.2016.01.023.

Hassan AM, AlShalabi EW, Alameri W, Kamal MS, Patil S, Shakil Hussain



[21]

[22]

[23]

[24]

[25]

[26]

[27]

SM. Manifestations of surfactapblymer flooding for successful field
applications in carbonates under harsh conditions: A comprehensive review. J
Pet Sci Eng 2023;220:111243.
https://doi.org/https://doi.org/10.1016/.petrol.2022.111243.

Wu H-R, Tan R, Hong ¥, Zhou Q, Liu BY, Chang W, et al. Synergistic
anionic/zwitterionic mixed surfactant system with high emulsification efficiency
for enhanced oil recovery in low permeability reservoirs. Pet Sci 2024;31:936
50. https://doi.ordittps://doi.org/10.1016/j.petsci.2023.12.023.

Huang S, Jiang G, Guo C, Feng Q, Yang J, Dong T, et al. Experimental study of
adsorption/desorption and enhanced recovery of shale oil and gas by zwitterionic
surfactants. Chem Eng J 2024;487:150628.
https://doi.org/https://doi.org/10.1016/j.cej.20PB0628.

Tian H, Chen T, Ma Q, Aidarova S, Gabdullin M, Li Y, et al. Wettability
modification by surfactants and temperature in shale oil reservoir conditions. J
Mol Lig 2024;401:124607.
https://doi.org/https://doi.org/10.1016/j.molliq.2024.124607.

Tetteh J, Bai S, Kubelka J, Piri M. Wettability reversal omait calcite surfaces:
Experimental and computational investigations of the effect of the hydrophobic
chain length of cationisurfactants. J Colloid Interface Sci 2022;619i168
https://doi.org/https://doi.org/10.1016/}.jcis.2022.03.114.

Tetteh J, Bai S, Kubelka J, Piri M. Surfactamduced wettability reversal on ell

wet calcite surfaces: Experimentation and molecular dynamics simulations with
scaledcharges. J Colloid Interface Sci 2022;609i891D.
https://doi.org/https://doi.or@0.1016/}.jcis.2021.11.080.

Sui H, Zhang F, Zhang L, Wang Z, Yuan S, Wang D, et al. Mechanism of CO2
enhanced oil recovery in kerogen pores and CO2 sequestration in shale: A
molecular  dynamics  simulation  study. Fuel 2023;349:128692.
https://doi.org/https://doi.org/10.1016/).fu2023.128692.

Fang T, Wang M, Gao Y, Zhang Y, Yan Y, Zhang J. Enhanced oil recovery with



[28]

[29]

[30]

[31]

[32]

[33]

[34]

CO2/N2 slug in low permeability reservoir: Molecular dynamics simulation.
Chem Eng Sci 2019;197:2011.
https://doi.org/https://doi.org/10.1016/j.ces.2018.12.016.

Wang L, Zhang Y, Zou R, Zou R, Huang L, Liu Y, et al. Molecular dynamics
investigation of DME assisted CO2 injection to enhance shale oil recovery in
inorganic nanopores. J Mol Liq 2023;385:122389.
https://doi.org/https://doi.org/10.1016/j.molliq.20232389.

Wang R, Peng F, Song K, Feng G, Guo Z. Molecular dynamics study of
interfacial properties in CO2 enhanced oil recovery. Fluid Phase Equilib
2018;467:2532. https://doi.org/https://doi.org/10.1016/}.fluid.2018.03.022.
Chang Q, Huang L, Wu X. A Molecular Dynamics Study on tH@ressure
Carbon Dioxide in the Water/Qil Interface for Enhanced Oil Recovery. SPE J
2023;28:64852. https://doi.org/10.2118/2094F5A.

Huang T, Cheng L, Cao R, Wang X, Jia P, Cao C. Molecular simulation of the
dynamic distribution of complex oil components in shale nanopores during CO2
EOR. Chem Eng J 2024;479:147743.
https://doi.org/https://doi.org/10.1016/j.cej.2023.147743.

Wang F, Xu H, Liu Y, Meng X, Liu L. Mechanism of Low Chemical Agent
Adsorption by High Pressure for Hydraulic Fracturisgsisted Oil
Displacement Technology: A Study of Molecular Dynamics Combined with
Laboratory Experiments. Langmuir 2023;39:16628
https://doi.org/10.1021/acs.langmuir.3c02634.

Lei X, Liu B, Hou Q, Wang Y, Ahmadi M, Liu Z, et al. Switchability and
synergistic effect of a CO&sponsive surfactant with -@urfactants at an O/W
interface: A molecular insight. J Mol Lig 2024;405:125051.
https://doi.org/https://doi.org/10.1016¥olliq.2024.125051.

Liu B, Lei X, Ahmadi M, Jiang L, Chen Z. Surface modeling of wettability

t ransi t-quarte: Insights ftbm experiments and molecular dynamics

simulations. J Mol Lig 2024:125147.



[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

https://doi.org/https://doi.org/10.1016/j.molliq.2024.125147.

Ahmadi M, Aliabadian E, Liu B, Lei X, Khalilpoorkordi P, Hou Q, et al.
Comprehensive review of the interfacial behavior of water/oil/surfactant systems
using dissipative particle dynamics simulation. Adv Colloid Interface Sci
2022;309:102774. httpsdidi.org/https://doi.org/10.1016/j.cis.2022.102774.
Iftimie R, Minary P, Tuckerman ME. Ab initio molecular dynamics: Concepts,
recent developments, and future trends. Proc Natl Acad Sci 2005;10296654
https://doi.org/10.1073/pnas.0500193102.

Carchini G, AlMarri MJ, Hussein IA, Aparicio S. Ab Initio Molecular
Dynamics Investigation of CH4/CO2 Adsorption on Calcite: Improving the
Enhanced Gas Recovery Process. ACS Omega 2020;5i3B826
https://doi.org/10.1021/acsomega.0c04694.

Carchini G, Hussein 1A, AMarri MJ, Mahmoud M, Shawabkeh R, Aparicio S.
Ab-l ni ti o Mol ecul ar Dynami cs -quartx(@04)t i gati o
for CO2 enhanced natural gas recovery. J Pet Sci Eng 2021;205:108963.
https://doi.org/10.1016/).peil.2021.108963.

Wang J, Wolf RM, Caldwell JW, Kollman PA, Case DA. Development and
testing of a general amber force field. J Comput Chem 2004;25.7457
https://doi.org/https://doi.org/10.1002/jcc.20035.

Jorgensen WL, Maxwell DS, TiraeRives J. Development and Testing of the
OPLS AlFAtom Force Field on Conformational Energetics and Properties of
Organic Liquids. J Am Chem Soc 1996;118:112%%
https://doi.org/10.1021/ja9621760.

Jorgensen WL, Tirad®ives J. The OPLS [optimized potentials for liquid
simulations] potential functions for proteins, energy minimizations for crystals
of cyclic peptides and crambin. J Am Chem Soc 1988;1101B&b7
https://doi.org/10.1021/ja00214aD0

Brooks BR, Bruccoleri RE, Olafson BD, States DJ, Swaminathan S, Karplus M.

CHARMM: A program for macromolecular energy, minimization, and dynamics



[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

calculations. J Comput Chem 1983;4.1377.
https://doi.org/https://doi.org/10.1002/jcc.540040211.

Vanommeslaeghe K, Hatcher E, Acharya C, Kundu S, Zhong S, Shim J, et al.
CHARMM general force field: A force field for druigke molecules compatible

with the CHARMM allatom additive biological force fields. J Comput Chem
2010;31:67190. https://dobrg/https://doi.org/10.1002/jcc.21367.

Sun H. COMPASS: -Fiald Optinbized for Cdndensddraser c e
ApplicationsOverview with Details on Alkane and Benzene Compounds. J Phys
Chem B 1998;102:73384. https://doi.org/10.1021/jp980939v.
DauberOsguthorpe P, Roberts VA, Osguthorpe DJ, Wolff J, Genest M, Hagler
AT. Structure and energetics of ligand binding to proteins: Escherichia coli
dihydrofolate reductasegimethoprim, a drugeceptor system. Proteins Struct
Funct Bioinforma 1988;:31 47.
https://doi.org/https://doi.org/10.1002/prot.340040106.

Sun H, Mumby SJ, Maple JR, Hagler AT. An ab Initio CFF93A4tlhm Force

Field for Polycarbonates. J Am Chem Soc 1994;116128738
https://doi.org/10.1021/ja00086a030.

Oostenbrink C, Villa A, Mark AE, Van Gunsteren WF. A biomolecular force
field based on the free enthalpy of hydration and solvation: The GROMOS force
field parameter sets 53A5 and 53A6. J Comput Chem 2004;25:1656
https://doi.org/https://doi.org/10002/jcc.20090.

Schuler LD, Daura X, van Gunsteren WF. An improved GROMOS96 force field
for aliphatic hydrocarbons in the condensed phase. J Comput Chem
2001;22:120618. https://doi.org/https://doi.org/10.1002/jcc.1078.

Berendsen HJC, van der Spoel D, van Drunen R. GROMACS: A message
passing parallel molecular dynamics implementation. Comput Phys Commun
1995;91:4856. https://doi.org/10.1016/004H55(95)0004E.

Heinz H, Lin T-J, Kishore Mishra R, Emami FS. Thermodynamically Consistent

Force Fields for the Assembly of Inorganic, Organic, and Biological



[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

Nanostructures: The INTERFACE Force Field. Langmuir 2013;29i16%4
https://doi.org/10.1021/1a3038846.

Cygan RT, Liang -J, Kalinichev AG. Molecular Models of Hydroxide,
Oxyhydroxide, and Clay Phases and the Development of a General Force Field.
J Phys Chem B 2004;108:12%%. https://doi.org/10.1021/jp0363287.

Yuan S, Liu S, Zhang H, Yuan S. Understanding the role of-duoesst

i nteractions in enhancing oil recovery

modified copolymer. J Mol Liq 2023;369:120841.
https://doi.org/https://doi.org/10.1016/j.molliq.2022.1208

Yuan S, Guo A, Zhang H, Wang Z, Yuan S. Molecular Dynamics Simulations
of Supramolecular Polymers within Nanoconfinements for Enhanced Oil
Recovery. ACS Appl Mater Interfaces 2024;16:525A
https://doi.org/10.1021/acsami.3c15193.

Rapaport DC. The art of molecular dynamics simulation. Cambridge university
press; 2004.

Verl et L. Computer AExperimentso on
Properties of Lennardones Molecules. Phys Rev 1967;159M33.
https://doi.org/10.1103/PhysRev.159.98.

Van Gunsteren WF, Berendsen HJC. A Léag Algorithm for Stochastic
Dynamics. Mol Simul 1988;1:1785.
https://doi.org/10.1080/0892702880808094 1.

Beeman D. Some multistep methods for use in molecular dynamics calculations.
J Comput Phys 1976;20:13® https://doi.org/https://doi.org/10.1016/0021
9991(76)90059D.

Evans DJ, Holian BL. The NosEoover thermostat. J Chem Phys
1985;83:406D74. https://doi.org/10.1063/1.449071.

Andersen HC. Molecular dynamics simulations at constant pressure and/or
temperature. J Chem Phys 1980;72:2334 https://doi.org/10.1063/1.439486.
Berendsen HJC, Postma JPM, van Gunsteren WF, DiNola A, Haak JR.

Cl



[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

Molecular dynamics with coupling to an external bath. J Chem Phys
1984;81:3681490. https://doi.org/10.1063/1.448118.

Bussi G, Donadio D, Parrinello M. Canonical sampling through velocity
rescaling. J Chem Phys 2007;126:014101. https://doi.org/10.1063/1.2408420.
Parrinello M, Rahman A. Polymorphic transitions in single crystals: A new
molecular dynamics method. J Appl Phys 1981;52:7282
https://doi.org/10.1063/1.328693.

Darden T, York D, Pedersen L. Particle mesh Ewald: And{N) method for
Ewald sums in large systems. J Chem Phys 1993;98:10289
https://doi.org/10.1063/1.464397.

Essmann U, Perera L, Berkowitz ML, Darden T, Lee H, Pedersen LG. A smooth
particle mesh Ewald method. J Chem Phys 1995;103i&377
https://doi.org/10.1063/1.470117.

Frenkel D, Smit B. Understanding molecular simulation: from algorithms to
applications. Elsevier; 2023.

Tohidi Z, Jafari A, Omidkhah M. Electrolyte nanofluid performance on the oil
detachment from an eiWetted carbonate surface: Water channel formation
using molecular dynamics simulation. J Pet Sci Eng 2021;196:108006.
https://doi.org/10.1016/j.petr@020.108006.

Yaseen S, Mansoori GA. Asphaltene aggregation due to waterflooding (A
molecular dynamics study). J Pet Sci Eng 2018;170837
https://doi.org/10.1016/).petrol.2018.06.043.

Szczerba M, McCarty DK, Derkowski A, Kowalik M. Molecular dynamics
simulations of interactions of organic molecules found in oil with smectite:
Influence of brine chemistry on oil recovery. J Pet Sci Eng 2020;191:107148.
https://doi.org/10.1016/).peil.2020.107148.

Ahmadi M, Hou Q, Wang Y, Lei X, Liu B, Chen Z. Spotlight on reversible
emulsification and demulsification of tetradecavater mixtures using CO2/N2

switchable surfactants: Molecular dynamics (MD) simulation. Energy



[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

2023;279:128100. https://doi.org/https://doi.org/10.1016/j.energy.2023.128100.
Yuan M, Nie W, Zhou W, Yan J, Bao Q, Guo C, et al. Determining the effect of
the nonionic surfactant AEO9 on lignite adsorption and wetting via molecular
dynamics (MD) simulation and experiment comparisons. Fuel 2020;278:118339.
https://doi.org/10.106/j.fuel.2020.118339.

Ahmadi M, Chen Z. Spotlight onto surfactastieanibitumen interfacial
behavior via molecular dynamics simulation. vol. 11. Nature Publishing Group
UK; 2021. https://doi.org/10.1038/s4150821-986331.

Ahmadi M, Chen Z. Comprehensive molecular scale modeling of anionic
surfactafasphaltene interactions. Fuel 2021;288:119729.
https://doi.org/10.1016/j.fuel.2020.119729.

Bauer P, Hess B, Lindahl E. GROMACS 2022.2 Manual 2022.
https://doi.org/10.5281/ZENODO.6637572.

Ahmadi M, Chen Z. Comprehensive molecular scale modeling of anionic
surfactarfasphaltene interactions. Fuel 2021;288:119729.
https://doi.org/https://doi.org/10.1016/j.fuel.2020.119729.

Shen R, Bai Q, Li Y, Guo Y, Zhang P. Molecular investigation on the desorption
process of alkane contaminant from fused silica surface in nonionic surfactant
solution. Appl Surf Sci 2021;565:150516.
https://doi.org/https://doi.org/10.1016/j.apsusc 2QB0516.

Xian X, Ye Z, Tang L, Wang J, Lai N, Xiao B, et al. Molecular Dynamics
Simulation of the Effects of Complex Surfactants ori @iater Interaction and
Aggregation Characteristics at the Interface. Langmuir 2023;39:18130
https://doi.org/10.1021/acs.langm3c01990.

Chen X, Chen W, Zhang X, Cheng D, Ren Y. The study on the dielectric
properties of structural changes of surfactant aqueous solution by molecular
dynamics simulation. J Mol Liq 2023;379:121622.
https://doi.org/https://doi.org/10.1016/j.molliq.2023.121622

Chen M, Lu X, Liu X, Hou Q, Zhu Y, Zhou H. Temperattibependent Phase



[79]

[80)

[81]

[82]

[83]

[84]

[83]

Transition and Desorption Free Energy of Sodium Dodecyl Sulfate at the
Water/Vapor Interface: Approaches from Molecular Dynamics Simulations.
Langmuir 2014;30:1060Q . https://doi.org/10.1021/1a502754x.

PacheceBlas M del A, Vicente L. Molecular dynamics simulation of removal
of heavy metals with sodium dodecyl sulfate micelle in water. Colloids Surfaces
A Physicochem Eng Asp 2019;578:123613.
https://doi.org/https://doi.org/10.1016/j.colsurfa.2019.123361

Ladanyi BM. Computer simulation studies of counterion effects on the
properties of surfactant systems. Curr Opin Colloid Interface Sci 2013{ %15
https://doi.org/https://doi.org/10.1016/j.cocis.2012.12.002.

Sammalkorpi M, Karttunen M, Haataja M. lonic Surfactant Aggregates in Saline
Solutions: Sodium Dodecyl Sulfate (SDS) in the Presence of Excess Sodium
Chloride (NaCl) or Calcium Chloride (CaCl2). J Phys Chem B 2009;113i5863
70. https://doi.org/10.1021/jp2228v.

Chen M, Lu X, Liu X, Hou Q, Zhu Y, Zhou H. Specific Counterion Effects on
the Atomistic Structure and Capillakyaves Fluctuation of the Water/VVapor
Interface Covered by Sodium Dodecyl Sulfate. J Phys Chem C 2014;118:19205
13. https://doi.org/10.1021/j95738s.

Nan Y, Li W, Jin Z. lon Valency and Concentration Effect on the Structural and
Thermodynamic Properties of Briri@ecane Interfaces with Anionic Surfactant
(SDS). J Phys Chem B 2021;125:9620.
https://doi.org/10.1021/acs.jpcb.1c04187.

Allen DT, Saaka Y, Pardo LC, Lawrence MJ, Lorenz CD. Specific effects of
monovalent counterions on the structural and interfacial properties of dodecyl
sulfate monolayers. Phys Chem Chem Phys 2016;18:38884
https://doi.org/10.1039/C6CP05714D.

Peng M, Duignan TT, Nguyen A V. Quantifying the Countei8pecific Effect

on Surfactant Adsorption Using Modeling, Simulation, and Experiments.

Langmuir 2020;36:130122. https://doi.org/10.1021/acs.langmuir.0c02403.



[86]

[87]

[88]

[89)

[90]

[91]

[92]

[93]

Tiwari S, Singh JK. Effect of monovalent and divalent salts on the interfacial
and structural properties of vaplaquid water interface in presence of sodium
dodecyl sulfate. J Mol Lig 2023;384:122261.
https://doi.org/https://doi.org/10.1016/j.molliq28122261.

Xu 'Y, Wang Z, Han XHong J, Wang Y. Impact of Sodium Dodecyl Benzene
Sulfonate Concentration on the Stability of the Crudel iheral Water
Interfacial Film: A Molecular Dynamics Simulation Study. Energy & Fuels
2022;36:435869. https://doi.org/10.1021/acs.energyfuels.2c@045

Wang Z, Larson RG. Molecular Dynamics Simulations of Threadlike
Cetyltrimethylammonium Chloride Micelles: Effects of Sodium Chloride and
Sodium Salicylate Salts. J Phys Chem B 2009;113:1i369).
https://doi.org/10.1021/jp901576e.

Liu G, Li R, Wei Y, Gao F, Wang H, Yuan S, et al. Molecular dynamics
simulations on tetraalkylammonium interactions with dodecyl sulfate micelles at
the air/water interface. J Mol Lig 2016;222:1088B.
https://doi.org/https://doi.org/10.1016/j.molliq.2208.009.

He Y, Liao K, Bai J, Fu L, Ma Q, Zhang X, et al. Study on a Nonionic
Surfactant/Nanoparticle Composite Flooding System for Enhanced Oill
Recovery. ACS Omega 2021,;6:11068.
https://doi.org/10.1021/acsomega.1c01038.

Sarmah S, Gogoi SB, Xianfeng F, Baruah AA. Characterization and
identification of the most appropriate nonionic surfactant for enhanced oil
recovery. J Pet Explor Prod Technol 2020;10iPB6
https://doi.org/10.1007/s132421.9-06821.

Saw RK, Sinojiya D, Pillai P, Prakash S, Mandal A. Experimental Investigation
of the Synergistic Effect of Two Nonionic Surfactants on Interfacial Properties
and Their Application in Enhanced Oil Recovery. ACS Omega 2023;8:12445
55. https://doi.org/10.2/acsomega.3c00401.

Habibi A, Esparza Y, Boluk Y, Dehghanpour H. Enhancing Imbibition Oil



[94]

[95]

[96]

[97]

[98]

[99]

[100]

Recovery from Tight Rocks by Mixing Nonionic Surfactants. Energy & Fuels
2020;34:12300113. https://doi.org/10.1021/acs.energyfuels.0c02160.

Barbosa GD, Luz AM, Camargo CLM, Tavares FW, Turner CH. Molecular
simulation of the structural and thermodynamic properties-alkane/brine
interfacial systems with nonionic surfactants. Colloids Surfaces A Physicochem
Eng Asp 2022;655:130301.
https:/Hoi.org/https://doi.org/10.1016/j.colsurfa.2022.130301.

Gang H, He X, He X, Bao X, Liu J, Yang S, et al. Interfacial properties and salt
tolerance of carboxylated nonylphenol ethoxylate surfactants. Colloids Surfaces
A Physicochem Eng Asp 2021,;616:126222.
https://doi.org/https://doi.org/10.1016/j.colsurfa.2026222.

LinY, Tang W, Xiao P, Ma J, Han X, Xu X, et al. Synergistic Effect of Salt and
Anionic Surfactants on Interfacial Tension Reduction: Insights from Molecular
Dynamics Simulations. Langmuir 2023;39:12880A1.
https://doi.org/10.1021/acs.langmuir.3c01558.

Xu C, Wang H, Wang D, Zhu Y, Zhu X, Yu H. Study on the mechanism of
polyethylene oxide groups improving the foamability of anionic surfactants in
hard water. Colloids Surfaces A Physicochem Eng Asp 2021;613:126046.
https://doi.org/https://doi.org/10.10/4.@8olsurfa.2020.126046.

Mustan F, Ivanova A, Tcholakova S, Denkov N. Revealing the Origin of the
Specificity of Calcium and Sodium Cations Binding to Adsorption Monolayers
of Two Anionic Surfactants. J Phys Chem B 2020;124:10884
https://doi.org/10.1021/acs.jpch.0c06649.

Wu X, Hou Z, Wu G, Sun J, Zheng L. Aggregation behaviors of SDBSs at
oil/water interface: Theoretical and experimental study. Chem Phys Lett
2019;730:56R7. https://doi.org/https://doi.org/10.1016/j.cplett.2019.04.030.
Fainerman VB, Aksenenko E V, Kovalchuk VI, Mucic N, Javadi A, Liggieri L,
et al. New view of the adsorption of surfactants at water/alkane intefifaces

Competitive and cooperative effects of surfactant and alkane molecules. Adv



Colloid Interface Sci 2020;279:102143.
https://doi.org/https://doi.org/10.1016/j.cis.2020.102143.

[101] Cao X, Qin X, Chen J, Li X, Xia W, Bian J, et al. Adsorption kinetics
investigation of surfactant molecules at the slobein alkanevater interface.
Colloids Surfaces A Physicochem Eng Asp 2023;660:130867.
https://doi.org/https://doi.org/10.1016/j.colsurfa.2022.130867.

[102] Aveyard R, Binks BP, Cooper P, Fletcher PDI. Incorporation of hydrocarbons
into surfactant monolayers. Adv Colloid Interface Sci 1990;3339
https://doi.org/https://doi.org/10.1016/068686(90)80028J.

[103 Aveyard R, Binks BP, Fletcher PDI, MacNab JR. Interaction of Alkanes with
Monolayers of Nonionic Surfactants. Langmuir 1995;11:2245
https://doi.org/10.1021/1a00007a034.

[104 MAdr zycka K, Zwi erzykowsKki W. Adsorptic
Bromides at the Various Interfaces. J Colloid Interface Sci 2000;23267
https://doi.org/https://doi.org/10.1006/jcis.2000.7045.

[109 Ravera F, Ferrari M, Liggieri L, Miller R, Passerone A. Measurement of the
Partition Coefficient of Surfactants in Water/Oil Systems. Langmuir
1997;13:481v20. https://doi.org/10.1021/1a962096+.

[106 Javadi A, Moradi N, Mdwald H, Miller R. Adsorption of alkanes from the
vapour phase on water drops measured by drop profile analysis tensiometry. Soft
Matter 2010;6:47104. https://doi.org/10.1039/COSMO00367K.

[107] Salamah A, Phan CM, Pham HG. Dynamic adsorption of cetyl trimethyl
ammonium bromide at decane/water interface. Colloids Surfaces A
Physicochem Eng Asp 2015;484:3%3
https://doi.org/https://doi.org/10.1016/].colsurfa.2015.08.010.

[108 Fainerman VB, Aksenenko E V, Makievski A V, Nikolenko M V, Javadi A,
Schneck E, et al. Particular Behavior of Surface Tension at the Interface between
Aqueous Solution of Surfactant and Alkane. Langmuir 2019;35:1%214
https://doi.org/10.1021/acs.langm9b02579.



[109

[114

[111]

[112]

[113]

[114]

[119]

[116]

[117]

Hosseinpour S, Gdz V, Peukert W. Effect of Surfactants on the Molecular
Structure of the Buried Oil/Water Interface. Angew Chemie Int Ed
2021;60:2514650. https://doi.org/https://doi.org/10.1002/anie.202110091.
Miler P, Bonthuis DJ, Miller R, Schneck E. lonic Surfactants at Air/Water and
Oil/Water Interfaces: A Comparison Based on Molecular Dynamics Simulations.
J Phys Chem B 2021;125:4065. https://doi.org/10.1021/acs.jpcb.0c08615.
Shakil Hussain SM, Kamal MS, Fogang LT. Effect of internal olefin on the
properties of betaing/pe zwitterionic surfactants for enhanced oil recovery. J
Mol Lig 2018;266:4850.
https://doi.org/https://doi.org/10.1016/].molliq.2018.06.031.

Bera A, Mandal A, Belhaj H, Kumar T. Enhanced oil recovery by nonionic
surfactants considering micellization, surface, and foaming properties. Pet Sci
2017;14:36271. https://doi.org/10.1007/s121-827-0156:3.

McLachlan AA, Marangoni DG. Interactions between zwitterionic and
conventional anionic and cationic surfactants. J Colloid Interface Sci
2006;295:2488. https://doi.org/https://doi.org/10.1016/].jcis.2005.08.008.

Li F, Li G-Z, Chen JdB. Synergism in mixed zwitteriorii@nionic surfactant
solutions and the aggregation numbers of the mixed micelles. Colloids Surfaces
A Physicochem Eng Asp 1998;145:164.
https://doi.org/https://doi.org/10.1016/S092757(98)00543.

Lu Y, Li R, Manica R, Zhang Z, Liu Q, Xu Z. C@2sponsive surfactants for
greener extraction of heavy oil: A benstale demonstration. J Clean Prod
2022;338:130554. https://doi.org/https://doi.org/10.1016/j.jclepro.2022.130554.
Roozbahani A, Soofivand F, Alameemi ASH, Abdollahi H, Saatchi S, Ansari

A. A contrasting analysis of CO2 and N2 foam flood for enhanced oil recovery
and geological storage of Co2. Pet Res 2023.
https://doi.org/https://doi.org/10.1016/].ptlrs.2023.03.00

Kesarwani H, Saxena A, Mandal A, Sharma S. Anionic/Nonionic Surfactant

Mixture for Enhanced Oil Recovery through the Investigation of Adsorption,



[118]

[119]

[120]

[121]

[122]

[123]

[124]

Interfacial, Rheological, and Rock Wetting Characteristics. Energy & Fuels
2021;35:306b78. https://doi.org/10.1021/acs.energyfuels.0c03767.

Agneta M, Zhaomin L, Chao Z, Gerald G. Investigating synergism and
antagonism of binary mixed surfactants for foam efficiency optimization in high
salinity. J Pet Sci Eng 2019;175:484.
https://doi.org/https://doi.org/10.1016/j.petrol.2018.12.074.

Theander K, Pugh RJ. Synergism and foaming properties in mixed nonionic/fatty
acid soap surfactant systems. J Colloid Interface Sci 2003j267:9
https://doi.org/https://doi.org/10.1016/S002797(03)0048X.

Haque ME, Das AR, Rakshit AK, Moulik SProperties of Mixed Micelles of
Binary Surfactant Combinations. Langmuir 1996;12:4@84
https://doi.org/10.1021/1a9403587.

Sohrabi B, Gharibi H, Tajik B, Javadian S, Hashemianzadeh M. Molecular
Interactions of Cationic and AnioniSurfactants in Mixed Monolayers and
Aggregates. J Phys Chem B 2008;112:14869
https://doi.org/10.1021/jp803105n.

Hajibagheri F, Lashkarbolooki M, Ayatollahi S, Hashemi A. The synergic
effects of anionic and cationic chemical surfactants, and bacterial solution on
wettability alteration of carbonate rock: An experimental investigation. Colloids
Surfaces A Physicoche Eng Asp 2017;513:422.
https://doi.org/https://doi.org/10.1016/j.colsurfa.2016.11.010.

Li Y, Puerto M, Bao X, Zhang W, Jin J, Su Z, et al. Synergism and Performance
for Systems Containing Binary Mixtures of Anionic/Cationic Surfactants for
Enhanced Oil Recovery. J Surfactants Deterg 2017;2621
https://doi.org/10.1007/s1174B.6-1892X.

Fauser H, Uhlig M, Miller R, Klitzing R von. Surface Adsorption of Oppositely
Charged SDS:C12TAB Mixtures and the Relation to Foam Film Formation and
Stability. J Phys Chem B 2015;119:12838.
https://doi.org/10.1021/acs.jpcb.5b06231.



[129]

[126]

[127]

[128]

[129]

[130]

[131]

[132]

Domiguez H. Computer Simulations of Surfactant Mixtures at the
Liquid/Liquid  Interface. J Phys Chem B 2002;106:524
https://doi.org/10.1021/jp014403c.

Dominguez H. Computer simulation studies of surfactant monolayer mixtures at
the water/oil interface: charge distribution effects. J Colloid Interface Sci
2004;274:66572. https://doi.org/https://doi.org/10.1016/j.jcis.2004.01.049.

Cai HY, Zhang Y, Liu 2Y, Li J-G, Gong QT, Liao Q, et al. Molecular
dynamics simulation of binary betaine and anionic surfactant mixtures at decane
- Water interface. J Mol Lig 2018;266:82
https://doi.org/https://doi.org/10.1016/].molliq.2018.06.047

Ergin G, LbadaouDarvas M, Takahama S. Molecular Structure Inhibiting
Synergism in Charged Surfactant Mixtures: An Atomistic Molecular Dynamics
Simulation Study. Langmuir 2017;33:140994.
https://doi.org/10.1021/acs.langmuir.7b03346.

Wang L, Asthagiri D, Zeng Y, Chapman WG. Simulation Studies on the Role of
Lauryl Betaine in Modulating the Stability of AOS Surfact&tabilized Foams
Used in Enhanced Oil Recovery. Energy & Fuels 2017;31i%%12
https://doi.org/10.1021/acs.energyfuél¥)3186.

SunY, LiY, LiC, Zhang D, Cao X, Song X, et al. Molecular array behavior and
synergistic effect of sodium alcohol ether sulphate and carboxyl
betaine/sulfobetaine in foam film under high salt conditions. Colloids Surfaces
A Physicochem Eng Asp 2015;4868 48.
https://doi.org/https://doi.org/10.1016/j.colsurfa.2015.02.042.

Ren J, Xiao H, Cao X, Yuan F, Pan B, Ma B, et al. Molecular dynamics
simulation study on interfacial behaviors of betaines and extended surfactants.
Colloids Surfaces A Physicochem Eng Asp 2023;666:131323.
https://doi.org/https://doi.org/10.1016/|.colfauf023.131323.

Lian P, Jia H, Yan H, Yuan J, Tang H, Li Z, et al. Effects of Micellization

Behavior on the Interfacial Adsorption in Binary Anionic/Nonionic Surfactant



Systems: A Molecular Simulation Study. Langmuir 2021;37:11835
https://doi.org/10.1021/acs.langmuir.1c01775.

[133] Bergstran M, Pedersen JS. Smélhgle Neutron Scattering (SANS) Study of
Aggregates Formed from Aqueous Mixtures of Sodium Dodecyl Sulfate (SDS)
and Dodecyltrimethylammonium Bromide (DTAB). Langmuir 1998;14:3754
61. https://doi.org/10.1021/1a9801070.

[134] Sohrabi B, Eivazzadeh S, Sharifi A, Azadbakht R.-8stfembled catanionic
surfactant mixtures in aqueous/ionic liquid systems. J Mol Liq 2015;21i1:754
60. https://doi.org/https://doi.org/10.1016/j.molliq.2015.07.025.

[135] Chen J, Hao J. Molecular dynamics simulation of cetyltrimethylammonium
bromide and sodium octyl sulfate mixtures: aggregate shape and local surfactant
distribution. Phys Chem Chem Phys 2013;15:5583
https://doi.org/10.1039/C3CP43634A.

[136] Bai Y, Wen W, Gao Y, Cui W, Sun Y, Yan P. Molecular dynamics simulations
of the structurgproperty relationships of DDA/anionic surfactant mixtures at the
air/water interface. J Mol Liq 2022;368:120804.
https://doi.org/https://doi.org/10.1016/j.molliq22120804.

[137] Wang L, Liu R, Hu Y, Sun W. Adsorption of mixed DDA/NaOL surfactants at
the air/water interface by molecular dynamics simulations. Chem Eng Sci
2016;155:16v74. https://doi.org/https://doi.org/10.1016/j.ces.2016.08.012.

[138§ Wang L, Hu Y, Sun W, Sun Y. Molecular dynamics simulation study of the
interaction of mixed cationic/anionic surfactants with muscovite. Appl Surf Sci
2015;327:36%70. https://doi.org/https://doi.org/10.1016/j.apsusc.2014.11.160.

[139 Zhou W, Jiang L, Liu X, Hu Y, Yan Y. Molecular insights into the effect of
anionicnonionic and cationic surfactant mixtures on interfacial properties-of oil
water interface. Colloids Surfaces A Physicochem Eng Asp 2022;637:128259.
https://doi.org/httpgfdoi.org/10.1016/j.colsurfa.2022.128259.

[140 Servis MJ, McCue A, Casella AJ, Clark AE. The role of surfactant force field on
the properties of liquid/liquid interfaces. Fluid Phase Equilib 2020;511:112497.



[141]

[142

[143

[144

[149

[146)

[147

[148

[149

[15Q

https://doi.org/https://doi.org/10.1016/j.fluid.2020.112497.

Lee S, Tran A, Allsopp M, Lim JB, Héin J, Klauda JB. CHARMM36 United
Atom Chain Model for Lipids and Surfactants. J Phys Chem B 2014;118:547
56. https://doi.org/10.1021/jp410344q9.

Shinoda W, DeVane R, Klein ML. Coargeained force field for ionic
surfactants. Soft Matter 2011;7:6188. https://doi.org/10.1039/C1SM05173C.
Yu Y, Klauda JB. Update of the CHARMMS36 United Atom Chain Model for
Hydrocarbons and Phospholipids. J Phys Chem B 2020;124:8Y27
https://doi.org/10.1021/acs.jpch.0c04795.

Klauda JB, Monje V, Kim T, Im W. Improving the CHARMM Force Field for
Polyunsaturated Fatty Acid Chains. J Phys Chem B 2012;116:3424
https://doi.org/10.1021/jp304056p.

Senac C, Urbach W, Kurtisovski E, Hinenberger PH, Horta BAC, Taulier N, et
al. Simulating Bilayers of Nonionic Surfactants with the GROMQSnpatible
2016H66 Force Field. Langmuir 2017;33:10p28.
https://doi.org/10.1021/acs.langmuir.7b01348.

Tang X, Koenig PH, Larson RG. Molecular Dynamics Simulations of Sodium
Dodecyl Sulfate Micelles ivate® The Effect of the Force Field. J Phys Chem
B 2014;118:386¢80. https://doi.org/10.1021/jp410689m.

Goh GB, Eike DM, Murch BP, Brooks CLIIl. Accurate Modeling of lonic
Surfactants at High Concentration. J Phys Chem B 2015;119:8217
https://doi.org/10.1021/acs.jpcb.5b01765.

Farafonov VS, Lebed A V. Developing and Validating a Set ofAddim
Potential Models for Sodium Dodecyl Sulfate. J Chem Theory Comput
2017;13:274p50. https://doi.org/10.1021/acs.jctc.7b00181.

i gvi s twatdr.intedaation potentials derived from free energy perturbation
simulations. J Phys Chem 1990;94:8021
https://doi.org/10.1021/j100384a0009.

Joung IS, Cheatham TEIIl. Determination of Alkali and Halide Monovalent lon



[151]

[152

Parameters for Use in Explicitly Solvated Biomolecular Simulations. J Phys
Chem B 2008;112:902@1. https://doi.org/10.1021/jp8001614.

AbdelAzeim S. Revisiting OPL&A Force Field for the Simulation of Anionic
Surfactants in Concentrated Electrolyte Solutions. J Chem Theory Comput
2020;16:113645. https://doi.org/10.1021/acs.jctc.9b00947.

Yu L, Gao S, Ding W, Bao X, Wang H, Yuan R. Mechanism Analysis and
Property Prediction of Extended Surfactants Based on the Respectively
Optimized Force Field. Langmuir 2023;39:14868.
https://doi.org/10.1021/acs.langmuir.3c01432.



CHAPTERoBecul ar I nteractions and Res:s
COQresponsive Sur-watewmmftacti aantanSyos tl e
Mol ecul ar Dynamics Simulati®n and F
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3.Met hod

3. MD1 Si mul ati ons

An athiamed catriespionsC®e surfactant -was sel

responsive surfact ant st.heUpsoenc idaheets aapldrda tt d roant e

an i nhetfaee fdordmN,yliINnet hyl acet amidi ni um,
Conversely, #tdheepriontjoencaitieosn tonfe Nsmaétéacvant ot m
( NbodeNc,ytli met hyl acet ami di ne, DMAA) . An int

investigate the surf-aatemt i moeoif ager THAhe t
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configuration of the interface system was

[ 3.3]Periodic boundary <conditions were appl
orthogonal box x&iyFen8simmsamRdtlchoonsbi der i ng
computational cost and number of .particles
The steepest descent algorithm was used f o
of force between any pair of atoms set at
relaxed with a shorter timestep of 0.5 fs

a m and temperature of 298.15K. Foll owing t
ensemble for 40 ns under the same conditio
in an NPT ensemble was conducted for the p
t hequi |l i bration stage -wascaloamttbéft mdstyt aw
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were all set at 1.2 nm. The Coul omebsh nt er ac
Ewal d met hod with a [Fha]fFioer tdhpawviamg defr Wah?
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i's critical to understand and compare the

di fferent protonating processes.

The transformati on wa st oapcocloongpyl insehtehdo dt hirno uxmR
Bef orper otthoen transfer, the proton was connec
group of", DMAAHs shown by the monheEiugamre str
The acceptor of the proton ia&antdhper okggensat
connected to thXfQmrygentetomei pratéln trans:i
compl etCochsequentahy, ACMAAHdef i ned as the r
whil e DMAAQwenrde HHef i ned as the product st at
process, the atom types, bond types, angl
t ranspfreortroend wi | | aBbtbhnthegbdoomhacgaempdbtrean i a

of the reactant moi eti es weroael hpaatr ameepg se rti lzee

iinti al state to O and the final state to 1.
each window, resulting in a total of 51 wi
bonded potentials transition I|inearly fro

changing by 2% in each wi nTdhoew,b o nod sc au ncdud ragt o
breakage and formation during trheepudismwlnat i
potenti al i nstead of the common stretching
soféepul si on potenti al all ows the stretchin
bet ween the two atoms reaches a threshold v
Foat her amgheés, and torsions involving at oms

the proton transfer, the force constant an:i



to match those ilm tehaec hp rwomadcaw, srtidrieeme z at i
equilibration, and production wertéhaperfor
wi ndlolwe production trajectories were empl oy
window and calculate the free energy diffe
energy of the system can be calcul ated thr
Yo Y'Y a& Q p
wheODa endthes t ot al ener gy hoivi ®d edwesnyostteesm tihne t
total ener gy onfd)tthhe vwYynse pekng sienn ttshet h(e 1 deal

andi s the temperature of the system.

3. RBesulbDissc&@uissi on

331 Equili brated Configuration of the Syste

FiguZTeheS.comparison’ bet ween the equil.



Our previous paper studied another interface system composed of identical components
but applying CHARMMS36 instead of tH@PLSAA force field[23]. Figure 3.2(a)and

Figure 3.2(b) separately illustrate a comparison between the initial and final
configurations of the two systenmi$ie DMAAH™ molecules are in green witheVDW

model. Water and dodecane molecules are represented by cyan and orange lines models,
respectivelyFigure 3.2(a) denoteghe previous equilibrated configuration of the MD
simulation from [1] while Figure 3.2 (b) representshe equilibrated configuration in

this study prepared for FEP calculatiolisappeared that both force fields eventually
yielded very similar results, and the discrepancies generated by different choices of
force fields can be neglectefrom the results obtained from the classical MD
simulations, we have examined the various environments in which the proton transfer
process takes place. This forms the basis for analyzing the origin of the free energy

difference during the subsequent FEP

Density(kg/m®)

!
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Z(nm) r (nm)

FigGBrBensity profiles and radial distrib

| i gu.r,® v3arious key parameters are compare
state of the two interface systems. Firstl

the system d&rigg3B8fafleemt@ldeiicm» and aqueous ph



deter mi ned accbodipmgnecioplteheandd0 are shadeo
respectively. At the crossing point of the
a surfactant | ayer i s for med, as indicatec
DMAAH peci es. Beyondvathee pedlerdtactehe tdhiel nur
DMAAHare nonzero throughout the aqueous p

mol ecul es can exist as wddomeosal hy,t hteh aerge

peaks i n trhsei tnivensb eadodEMAsApHbndi ng to | ocal
number densities of water molecules in the
micell es. The thr ee"moxliesctuilnegs fnoarknes tohfe DdVeA A

the deprotonati osvepryocdeisfsf ibcyulpurgi ng N

Besi des ""IhnMAAlHUmber (d#/hsridi&lssofnonzero thrc

agueous phase, demonstrating(#hadtct 4 hay & an
counterion to t'BertattantcmbMaAAH]l es, as ev
the number(#deatsitthesswhHffactant mo(n#/l ayer . F
i's not observed near the peaks indicating

concentrati o#/ behaeoti oasosignificant at the
owWater interface. There #i/ld onstapyp arte ntth ep rm
surface. Addacttesnalsl m, proton acceptor in t
This indicates tha(#tae (h&eimi belmwche @furf i ad
interfaetfeatrimg the subsequent proton treé
behavior is also a crucial factor in deter.|

can influence the change in Gibbs free ene



Figure demon(sh)rates the radial 0distributio
referpDind pawvak h a heigdhdurddhaedid . ¥o7dli cati ng

el ectrostatic attractions bet ween opposit
spontaneous apprAdalch i boakhgyh amnbeher |l ess

height of 4.115 occurs at 0.466 nm. These d
of DMAAMH #/ pair i $hearil a&klteostatic attrac
cat iDOWMAIAGthnd it s (cth/uinst ear ifounndament al condi ti
transferHotweveccurdi stinguishing bet-ween th
counterion pairs at different sites in the
di fficulty arises because the motion of su
these mootmg umieselalmes, the awgwaetewusi sbéutaoa,
On the ot hpeorsihamd, atntde hei ght obDhHhf o6hmatpieark

aboumot beul ar interaction(s#/tnabDMeAMse t he

Theonfigurationcoounteaer isaunm f pat anti s anot her
determining the proton transfer process. TI
atoms, as well as the angle formed between

thkeli hood of proton transf édreighddpobi siiomf

of the@&hpeafguilibrated boonxydemghdndodfi n he o
acid molecule is 0.945 angnsittrroongse,n wbhoinlde itnl
DMAAHMHmMOl ecule is 1.01 angstroms. Therefore,

the RDF curve does not deviate significant

transfer WiWi It hbe hei fffiircaul th.onzero radi al di



0.24 nm, it 1s considered that thBueroton
to the constraints of bonding angles and
sur f xaotuaaiter i on pair for proton transfer sh
and torsions. Consequently, astdet ¢dhiomg t &
bondsledmd mati ons of angles and torsions wi
proton transfer.

Fi gBAesehowss utrhifexotuaariter i darhepamnircse | d-watseaurr f ace,
i nteanhageeous Thel wtoideerc.an e imiér eacnwglee swi d@rhe i
model . The wat &hceynaonl enci tlhe d i anréeso imoadwell e s DavhAdA
bi carbonate ions aréndanddi ¢doinnttoheéeé hePKrmmvad
factor s, the varying confoff mBMA®B&HE alfs ot he
potentially affect the protlom ttheansystremrwh
excessive ninttrrogadfc eghe hiMAAMHeen deprotonat
intermacti ve form DFMAgAS ealsh e hdbovchedane mol ec
in the orange with | ines model. The water
DMAA mol ecules are denoted in the CPK mode

DMAA mol ecule inThdemajgoeiouyg ehabB®AA mol ecu

ont o -wahaeeoiinterface, demonstroateisp@ ntsh & es u
surfactant i nwhiitcsh icnaanc thiev ea tftorrinbut ed t o t h
nitrogen atoms in its amine group. Some DM
ol eic phase as monomer s, with no reverse

indicating thatthé@deDMAArbead!| gcoulpheos not
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Furthermore, the differing dmohgcbledavabrs
ommater interface are reflected in the ord
groups near thEi g@@G(eac)bmpanksrepgeodi stribut
groups in the protonateadvamageaewirdtionat edh
peaks is 2.75amm Ronl7DMMAH or DMAA, i ndi ca
groups of DMAA are more concentratTkrids at th
trend is in accordance with the previous
DMAAHmonol ayer is greater thafdhts&ataonf béh
attributed to the increased contact area Wwi
al so heightens the | i(kidlainldo oDdMAAHh e o iwti adetr |
peak in the number density curve of amine g
of the head groups of surfactants upon pr o’
On t he otthxe oo haiFdagtGb(ebrpepr esents the tiltin
vector fromhdihres.c akF ®drCiBe xdaenmpoltee,s QGlhe f i r st
connected to the surfactant grouandosohe t
on. Atoheserder parameter indicates a vert.i
at twat ein |l interfaceer wvholrdera mgdroasmet er I n
arrangement of hteh ed eccarrebaosni noggh atirneendls of t he
Fi gB86(ebi)ndi cate that the hydrophobibraaiel s ¢
more freely &9 ctlphyasent &€&rentehrealdly, t he orde
| ower than t HRosdckenoofnsDPMAAH ng t hat DMAA t en

interface, evauv erri nbgo utnldear i land reducing d



dodecane and water mol'eenbdestol becompteaser
interface, with their tails stretched and t
mol ecul es.

Thi s arrangement behavi or-wastugrge s n$ e rtfhade ,

conformation -9@ir fthet zmtunp &irdi oins di stinct b

Upon protonati on, the samffacmanitompaofr Hlee c
varasdthe amine group can |lie flat or remai
conformations allows for difféena@d#/ angl es
at the surface. Additionally, the varying

van der Waals and el ectmogttdwiitch i sssterawecndion
mol ecul es, icoalnu kirng@nwat emd surfactants, d

and atomic charges.
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transfer prwacteesrs iantt etrhfeacoei.l Al | these facto
Gi bbs free energy during the proton transf
can be reflected through t heef dtiHddesryéesmige m er r
the FEP calcul ations.

FobMAAHmMol ecul es at the micelle surface a
deprotonati on process occur s I n an envirc
mol ecul es and thus requires more consider
mol ecules |l eadaltatst morgactnomsowi th wate
omwWater ismteh@abcetails are bent and nearly
water. As discussed earlier, -tbentdeffenepati
| ead tgo bvoanrdyeidn and nonbonded interactions w
the proton transfer process. Additionally,

deprotonated DMAA, the strong hydrophobic

i n aqueousmosnool nuetriso.n Baassed on the equilibre:
deprotonated system, DMAA mol ecuwatserar e e
interface. Although the subsequent moti on

the bulk aqueous |l saltedi amroagmotf ree ewnargy
motion should be considered to describe the
Lastly, the Ilikelihood of a*rhomaméroniamet h e
bul k aqueous phase i swamweah ilndwerf atclean Tt st
preconditions for proton transfer also ne:

overall deprotonation process.



At the surface of the micelle, the process

on the surrounding molecul es. Firstly, the
solubilization of DMAA mol ecules iomn its hy
transfer process can influence van der Waal
ot her DmAAéicul es, which determines the <con

DMAA mol ecule. Additionally, the proton tr;
orginally carri€antédy/ botemabMAAH the nonic
mol ecule to act asThobbMAANnt catsesiiedae mboel |
surfaadereduce the charge density of the mi
el ectrostatic rephéadoqgr dep sve & tha nadid Arditcse | | e
the equilibrated conformation of the depro
systtamtly, although/tshhe udids tbrei bnotrieo rc omfc e n't
the net charge of thé¢/ mumbkeledsensfageijsanpt
Consequentl vy, (t#ea plpirloalcihh ongd htedded DMAAIHHD and
inducing the proton transfer process is gr
at t-weaet on | iDutrearnfgader.e free energy perturbati
caalclontri bute to the change in the potent
di fferences in deprotonati on aoadnwaatreerd t o

interface

332 Prediction of thermodynamics parameters

Tada nvestthegapgreef erence of protonation at dif



countseurifoanct ant pairs have been swateecrt ed f 1
inteahdc#wi thin the bulk aqueous solution f
the MD simulations. During ,théeef sgestemerg)
from the reactant state t oThehes gimpairdauncg st a
each wisndoOpisd the change ical Gubhbhsefllr edr ence
summati on oBedreesenkeeglree energy, the ch
system can be EquatuuR®mpnedhithe ot change i1
system can be Eqgadactulpant:ed t hr ough

Yo O © q

Sy YO YO

o o

whefOedenotes the enthalpy ofO tdtédeotseggsst eme i

ent hal py of the sysSftwrempriesemeact oart adtsatl at e

the system. The results yielded fTradbbrhet he fr

3.1
Tab34€hange in thermodynamic properties
Sites Y@ kIl YO kJI/m| YXkJI/ (K| Y E*TIi
Solution 12.838 23.273 0.035 10.435
Interface 10.360 22.584 0.041 12.224
Micelle 11.513 21.0%1 0.032 9.541

As showmlien 8hé& Gi bibeesf f depr et e n'groil reqc ubD MSAH
increase regardless of the environment i n v
indicates that the deprotonation process I

and requires an energy 1input ormincuasitl ybe ¢



spontaneous pr ocesx etsg oancsh iveewnee sesf foifc itehnet sG/
free energy values are close to each other
bonded interacti onsDuirnwal vtehde ipnr ottlhben prramed
0Gsol ult NG r eases by @ 8&& rkeda/smecsl byt el . 513 kJ
gGi nteifi€er eases by 10.360 kJ/ mol . The change

or dggsg o1 P GGmi ce0GenterfaWhi ch means that the depr

most | i kely to-wtadle plnaece fatcet hd odillowed by
and | east i kel y wiihtihsi no btsheer viaa li on sal uginaer
conclusion from a previous experiment, whi

invol ves proton transfer occurring at t he
Unf or t,untahteerley remains a | ack of comparison
Through a further calculation of the ent he
qHs ol uit NoGr eases by @Bnii7MBcdkaddd swd ,by he2. 584 kJ
gHmi cdimnecreases by 21ge54nkéhmbhbl pyhefchae sy
or dyplgor @b mt e3qHmieccer 1Aft er ward, the change in e
calculated through equagfitenisdeB8) 041t kIkmMmMihs

05 o1 uit S8on0. 035 kJ/gsKtdned D, 0dadkIheK*mol ), fol

05 nt e3> 04 POBmncel | e

Based on these results, it is evident that
entropy of the system do not follow the sa
t he di stinct coval ent i-obenbeti onhsepwi t hian

noncoval ent i nteractions between the pair



2.6

previously. According to equation (1), t
during the FEP process is estimated throug
Ssystem. The temperature has been control
atual source of the difference is the pote
bonded and nonbonded terms. The bonded t
while the nonbonded term involves electros
furrt ceharacterize the respective contributi
energy of these interactions have been
process.
Tab35dhe values of change in different
Angl gBond Di hed{van Whaer|Coul o
Terms|(kJ/ m(kJ/ mo|(kJIJ/ m(kJ/ mol|(KkJ/ m
Sol ut 0.6 1.2 0.0 2.1 8. 7
I nter 0.6 0.5 0.5 4. 2 4. 4
Mi ce | 0.0 1.5 0.0 2.7 7.0
0 [ Bond [ Bond
=igglde I Ange I Angle
o [ Dinedral [ Dihedral

van der Waals

49 Coulomb

6.1%

B

40.7

6196

| NTERFAC MI

Fi g@tTeh e e
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0.8%
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0.2%6

E

of podretnrtiimadt ieres gof td

van der Waals
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4.8%
0.2%
/ 168

SOLUTI ON

c al



The contributions of different interactions
i Tab3e2 with their respdé&ctgiBr.etratidesatti | | ust
noncoval ent interactions predominantly dri
whereas bonded terms account for only a s
i nteractions, the variation in Coulomb int
potenti al etnreamg yt lceh avmgre sd.er Waal s i nteracti
At tiwater!| interface, both Coul omb and van
approxi mately 40% of the change in potent.i
noncovalent interactions awatrearlny eeduaalel.
deprotonation process neutr aadnifz#els téshhaet net ¢
it is predictable that the Coul omlbuient er act
to the enrichment of both dodecane -and wat e
counterion pair has an equal chance of int
explains the wequal contribution ohe Coul oml
changepadtnenthieet emealgyo noteworthy that the
reduce the charge density ofedulbe theecChad®

interactions.

At the micelle surface, the ratio of van de
Coul omb i nteractions i ncrease t o 61. 5%. T
contact area with water mol ecul es. At t he

providing "hheadDMArAHu p more opportunities

mol ec@n etshe ot her hand, the van der Waal s



nonpol ar species. Although the head group
with the hydrophobineo lteaciulse so,f tohteh elro cDaMA AdHe n
species I s notwaatserhiignht earsf aacte .t hlen oaddi ti on,
charge density is not strong enough compar ¢
Consequemtull yoombt hent er acti on khewvednmede moWeasea ldD
interaction during.the proton transfer pr o
I n the bulk aqueous phase, the ratio of va
16. 8%, whil e Coul omb interactions increase
di fference arises mainly from the eontact
DMAAHMo nomer is completely surrounded by v
nonpol ar species nearby. Thus, the change
interactions can be attributed to the nonc

and t he*(DIMAPASH r .

Lastly, although the bonded terms contri bu:
system's potenti al energy, they reflect th
(#/ pair at di fferent |l ocati ons. | f t he <c¢h
indicates that the conformation is c¢closer
deviates from the equilibrium state of thi
revaty small, it suggests that the conf or me
and is closer to the product equilibrium.

angle term i1 s nwaatrelry iengtuearlf aacte tahned ioliml t he &

it Iis close to zdrmo dthet da rmitcdaliing gemrfmaced



foll ows gy hna, sqEsDh dl, s30Tt o, i nt eFfOake t he di hedr al
changes in energies are close to zero I n tt
term i s | awgteer aithhtedsed axdeds ul dsr i mgi ctchéept bbb

transfethprovaessati ons i nDMAAMCHI mpfadrrmataitons

di fferent | ocations are compl ex. The stret
changes in dihedrals do not necessarily fo
can independently approach or demparted from
to the nonbonded interactions, |tehsess el ibkoenl dye

tdominate the proton transfer process.

3.840oncl usi on

Il n this study, we investigated the free en
of ar €Oponsive cationic surfactant at di ff
mol ecul ar dynamics simulations and free enece
to determine the preferred | ocations for

underrleyasnogn s .

Through mol ecul ar dynamics si muleatpiomrss vewe
surfactant and its counteriopmvaitrert hrneae rdiafc
in the bulk aqueous phase, and at the mic
reveal ed twhmdadterati nttlee faicle, teei sar tacal dnt na
with water, bi'carmman atoad,e cbkMAAHIOl ecul es. At

the DMAAHDPair had more contact with water



interact with the hydifmplheodilcedg.aills tole ol thle

DMAAHMH( #/ pair was compl etely surrounded by

intermol ecul ar i nteracti eorosndiedf Ipwdaremdad at h e
during the proton transfer process.

On he other hand, ({ Wé pabnf oorama teido nisn otfh e
environmenwat eAti hherdakte, t he vheyrder onpohroebi c
extended, and the head groups could be eit!l
At he micelle surface, “troel ehcyud recsp hfodri noe dt
hydrophobic core of the micell'dolldrdt he® b
mi ni mi ze contact wi t h water mol ecul es. T
variations in the bonded potential energy
Through free energy perturbation calcul ati
during deprotonation was mini mal in all t h
bul k phase, followed by the micelwldeersurf ac
interface. Thi swandrcanesertaae thhetbef mody
favorable |l ocation for proton transfer, w |
Further analysidbosndedeahneer abat onentwere the
the increase in potential energy, with bon
interaction beit-WlepaitrhearDMAWELt er mol ecul e
influenced the strength of Coulomb interac
increase in potential energy.

Il n summary, this study provided a detailed



CQresponsive surfactant at different | ocat
and free energy perturbation methods. It r
favor proton -waaesfemtatfadadhe, opdoviding a

fodati on for the application of such surf ac
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computational resourcescangumbng. a@aelabhe
year s, some studies have foacfusedr omust h@O 1

responsi veéei suef aalt anmisxed surfactant mol ecu

mol ecwmcabicnbox to simulate the aggregatio



in the aqueTbhiespphasd o0il droplets® can be
mol eqw®l0OgZhang et alampecnht eslt aotuitc tahratter act
deprotonated | auriiocn asctiadbidn df Qidt] #Hl hwe weetud rsa
fat al def ect of their dropl et model i's th
nanomabhdrenly a microemul sion droefléctan ¢«
amnt er aac@®/i W ni nmtter f ace. Al though there have
responsive surfactants, the megrheasnpiosnns iovfe s\

surfactants andam®t Wernthbemacal ssnkass expl

Zhang et al. built a sandwich dodel,ytto anal
N-d i me-tahcydt ami di ne ( DMAA) anddoidtelc,ydoN car bon
di met hyl acet amfi)diunpiounm peUyDAMR]MHh) e € Oconcl ude t
i nterface acdtrievsiptoynsofvet ser C®Oct ant origina
Coul omb interactions between chafMpedrsurfa
study provides a funh@®mwevnttalhabx pC®yatoifom
respoxiwsrifveect ant at HaweWWeauseeonfadde | i mit
activity of "BMAA/tDMAAHKed to adaptarteo reseil
more frequently formulated with other sur
Therefore, itincbsudecebearnynt eoxsamiitacrhsablb et w
surfactants aBdnothenl chbmi tal a sl ab model
of a solution containing DMAA and a commo
sul fat[e2.3]STh)y found that foam casi bhee st abi

mo st surfactants wil/l adsor,dndntdest abi Bur €«



pur gbtng dNecrease the surface activi'ty. Thi s
i's usually viewedi vmaes mat ernitaelr,f alclet for mul
surfactant depri velshesyucsh rierstseerdf achee a crntpiowitte
attraction between oppositely charged spec
Regretadabbdy|] ed analysis of the relationshi

thexrCecGponsive mechanism i s stild] | acking.

Her eicnondiuBc tsi mul ex plodarse it wspyancetr goifst i ¢ ef fect
surfactants emedmensipeeimeachad i sm of the sy
goale empl oyed a mibx¢ sap@ensove acaC@onic

DMAA/ DMAArtdes ur f act ants of adti fafne rG/nW icnhtaerrgfea

di scudigeod resmoheicanfgpar i nteract.iAdbndhoagdtd ph:
el ectrostatic interaction is essenti al i n
previous studies failed to build ancl ear ¢

and the electrostatTe timéebasti oh obr sknodw
first time to reveal t hat di f>f espohsiswener
surfactant-sumaharcarashtsnida cant | mpact on the
the system and camreseonilseac Ome cthiestuibmst ga@
a breakthrough understanding of the emul si f
switchamfl @actaeatur wagdgthgmut di ng reseagschears an
CEOR and CCUS to f or mupdwaittec heanbu les i ownrsf awittat

tactfully.



42 Simul ation details

42. 1 Model Constructi on

The initial conf i guraatei ocncsn safhRACIKMQUy sce
packfaXg4e]and al l t he MD si mb@RAQMAMS paarcek acgoen C
(version 2021.5) in this work for ists super
i n a mul t i[p2h5a s2e6 hsey sttoepno | ogi es of atthe t he mc
CHARMGIUI [t 2HJ] descri bi-agd aihaflt ¢edel amtiemt er ac
The TI P3P model I's selbebeedomsin swvaneér wmo he

[ 3The force field parameters of a-ABromi de

forceBdded daont etrhifeacli BTV atm@gpomomnmed 1 n,previou
the target system is assumedadgystheen, an hem
spontaneousanconrenatace oadn be neglected, an

treat egli wmehnef Isztal e of MD wamobsamn@aaeomnm.chTmodef
ovar dropl et model t eblediamu loat e ett lwe einntoed refi &c

phase Water/ Oil/ Surfactant system.
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Moreover, it is assumed that bymoleeduwmlce ng I
and inserting ansgiengualt hreu nabgeure oaufs 2lp@@& s e, a
be simul ated on N#@Ba amdlaédeu lraarn dsocrdlye .i nser t
aqueous phasetas aehieevt encelayntresd|ietcyt r. o f t he

Consi deérei ngver age area occumpil edubSsSDMAA/ DM



mol ec wl®e/sW atnt erface, 120 surfactabnhhemol ecu
sysf{é&m,ax3]Jan initial guess of .t hMdorseowecrt,ur
previous studies i ndicated that for a mi»
surfactant afit haen m@®d W airanntae rcfaaucreb ac t ant mol ec
Shoul d [bd4]ddealef orsef ID&EASBRUMBernr ant mol ecul
DMAA/MAAH ur factant mol ecul es aCensiederaisng0
the comput athiuonbalr ©®dstpaandcles to simulate
the di menésieoss maok setlesals=8 n mmnld=2 h m. Periodic
boundary conditions (PBC) are adopted in a
t wo surfactant monol ayienrtserafraec epsl acne d hnee aro x
the pogcgielplbemoghbgghtsuch conditions. More det
syst emepairieedl.\eMO package is employed to vi
trajectories and cAmfilguwuati @anisom noft ht Ise sit |

0B8DS/ DMAASH s heiwgd1i[eB.5 ]

Tablé&€omposit it dsecse mdr iad d

Scenarios H20 Dodecane DMAA DMAAH * SDS DTAB TX- Br- Na* HCOs
100
DMAA 10000 1000 240 0 0 0 0 0 0 0
DMAAH * 10000 1000 0 240 0 0 0 0 0 240

SDS 10000 1000 0 0 240 0 0 0 240 0




DTAB 10000 1000 0 0 0 240 0 240 0 0

TX-100 10000 1000 0 0 0 0 240 0 0 0
DMAA+SDS 10000 1000 120 0 120 0 0 0 120 0
DMAA+ DTAB 10000 1000 120 0 0 120 0 120 0 0
DMAA+TX -100 10000 1000 120 0 0 0 120 0 0 0
DMAAH *+SDS 10000 1000 0 120 120 0 0 0 120 120
DMAAH *+DTAB 10000 1000 0 120 0 120 0 120 0 120
DMAAH *+TX-100 10000 1000 0 120 0 0 120 0 0 0

42 . 2 Simul ation met hods

Af ttehceonstructi onaefheegyh miynwstmemati on task
remove unphgbseitcwaele nc oanttoantst. The svtase pessetd de s
for energy mi msitmiuzxasuyreeneoniaimsgd o ptei mi zed untii
force between any at omlinpna)i.r sThies floelslsowihnagn p
i's r edsayxsitregn with a short :FimeshepcohsOr &i
mol ecul es are fr ee gerbe anoyv ef,o ra ntdh et heeq usiylsitberne
| onger ;efitneersabsagrpds,em i s equi | i-ibsrcaltaerdi d ne msne mis
f or 4 0apnrsersesiub hat antpra,r at yared od 12@B&Ker, ti mest ¢
t hempgerature of the equialedavVbo-cadts yolnk esmhagteati s

with a timé& gamnds ttahnet pofeslure of the equili



byawBerendseh3balB@gdlklay, -mn <ixmulaa S0 her mahkn
i sobar i d sempseeanmdplremed d c & AN a®Hotoavgeer. t hear most at
Berendsen barostat are applietdhpdr oducé mpar a

stage with the sane36t,i3ndef constant of 0.5 p-

A cutoff of 1 ad e ingnhnidgasrs tu,s eltbenersa ridnt er acti or

Coul omb inteCactomb. i Wheraction inmseschal cul a
Ewal d met hod, a trunadetnindhondenet hpB8.O| B tuisen
additi oswi aclhiomgefunction is applied to sn

from 1.0 hnmdthe IGROMAR®S manual suggests the
aaf orce field,oodheWwdARMMIG|[ dh]i s applied

42 . 3 Simulation analysis
The order parameter of any carbon atom in .
t he fodguawidRg

v 9 Ria P
G C

—i s the angtaexibsetoMe etnh e hbeoahpadophebidc reatl
interest. The direction of a hydrophobic t

which points to thpreexbusacadoboatamoimr omh e

formula i mply averaging over time and mol e
(@achain direction is -p.dachlali el di o etclh € omaii B a&:
main axi s), and 0 medarydroophiobtbeftdhl] entsatii

Usng this definitsom,thédefiorsiter spar amet er



hydrocar bon chai nOlwinofwodr yael |c atlhceu |l saurefdact a

employed in this study, the number of carbo
i mpl i asaxihmfim® order parameters tdheaemamgege cal c
of order parameters, the hsketorrunc tour e uaff atchtea nst

| ay er suncdaenr.sbteo o d

Anot her I mportant parameter that reflects t
i's the number demsystyemf TElhehnsmpleei edemnmsi t )

i asystem can be c a&Elqaultaltead] (&2gcor di ng t o

]
<

LS

5 g M8
S
a Y

wheYoei s t he Diisn twhiektchr,iosrs ar e a t difa xeibsc,h bi n

is the number of & >“/—Fr;x Y sshéenbtaekéms edomot e
over time. Wi th density profiles of the sy
seeach species'’ spatial mdert rtithart ©ObW iamtde rrf
this study, the whole bowaxssdinmidadhiaten
investigate the density profiles. Moreover,
t he boundary of bul k phases. Namel vy, t he

water/ dodecane mopl eerccuel nets r @fe@me hteisv e9 Oma x i mu |

consitdheer ebdoundary for the aqueous/ ol eic pha

The #enrosfdigf fgremps of appsti @wditehaetne ensi ti es o

interaction between particl es,anddntceorvmirne t



t he mechanisms contri bus$ Eqgatiooswv at(ré8Roeuns tpoh

calcul ate the intefp4a8)ion energy in this s
o © & & o

Knowing the total energies of different sce

the interface formation energy (I FE) can

equati on:

(oXoiale (& (& T
whe an?®C are the energies of sur fact
energy -wdt eearn ydtem without surfactant, re:
requires individual cases to be run at the

as in the scveelLheiibrsdclflaseteesdt aabbio i ty of the
formed at the O/W interface. The | ower the
t he diaggreirf i cantly reduces the interface ene

42 . 4 Model validati on

Il n this section, we mpatrhiedgltRTd ooaulrc udoadted d bfyr
simulations with published experimental/ si
i mporitnantoodt otrbse persfuarfmamaat 6f er Wimedn systen
describing surfact aanrtes ,c ofnonrocnel yf ileévllasl upaat readm el
benchmark to ass®ss thleiort h@xic chuasdodgvteupd i e s

i ndidc alaReT val uesMPpi el chedafroms may devi at e



val utelmegigf egat iodnstummeimbetiasembel fex[ckelds t he

Ther etfhreec eur acy of the mol ecul arsmofdieltsme sp |
i mportance for obt aA ndlngs ecewtriameat il &l o/fal lul
accuracy of simulation resul Ferantdiseleabanat
we anti ci patfe otmh astolief sturd alcRTant systems ma
i's reasonable tosumffaecttamat mohecnlmmiserc amf a

i nt erpfheecnioarlena and phase behaviors of the s

The most frequently applied equation for coc
as
b .. WO OO
' =00 —— L
C C

whebteés the tlheemgtiza o fdB@GD G am@hre the ensembl

average pressurxey, Ccadipgroe getreitsgpnesch i tviee vy .

During the proiMbsit mohastage, opréseure comp
using sole surfactants weretextrrepatescentr d
pressures of theFsygd2deinsspliany se qgtuhiel ilbATi unes ul
calcul ated using Eq. ¢bBbegewivbbl primaof aekparop
and si mulnadfid@#Zy herFsbet ween the oil phase
soluteomeaswred usi ng an Easy -2D0y.neAlKr uss
measurements were conducted at ambi ent t e

pressure employing the Du Nouy Ring metho



correcti bt dembohdattr actuers MD model s are cons:
avopodt enti al ri sks related to | arge aggr egaé
in the phase behaviors of surf alchhearngf amod e c
it rebitaobl ®ese these models for studying th

oi Il / watesfystuemactant

70.0

B FT Simulation (mN/m) IFT Experiment (mN/m)

49.2

17.6
20.0 147

10.0 7.5

]

DMAA DMAAH+ SDS DTAB
Surfactant

Fi guR@omMpari soeastoifmaltkeTds from si mul ations w

adopted from other studies

43 Results and discussion

43. 1 The switchable phase” behaviors of DMAZ
Prior to exploring the phase bwihtakhi boniod é
surfactant s, W e o-riensvpeosntsiigvaet eah atrhaec t @ © s of |
Before protonati on, the DMAA mol ecul es f ai

Many of them can diwHiulse nontDOMAA emwll eed wcl e hi



the aqueous phiag#3(eag sAlsdhdogvditd (ees)h ows t hat t he
order parameters of the carbon atoms in thi
around 0.2~0.1 and do not exhibit a monot
DMAA mol ecul es |l ack the chaopabeer not ewortty
phenomefmiogn4Bifeti)s t hat the number densities
zero in the aqueous phasethéubhumbemedeoensint
al most constant t bhA cwomsdobnett heemed®En ghphlhse
mol ecul es are distri but oel eurci fpGoampegr @ach dt hia
resulRi gd3telm) it can bdtdhmugrhv eDdMAtAh anto |l & cul e ¢
form di mer st &aoeldeita ipneasse,ina distinct rever :
The freguDMAét atntes ol ei ¢ phase reflect thei

why the O/W emul sion cannot WHed8sjtabilized |
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Figu3 &idqvaolnfi gurations and paramet.ers of ac

Afteot pnati ng DMAA int d, itthse apchta svee bf eohr anv i DOVrA
An il l ustr atciaonn boefF isiphdé@yetH)MHing 43(ee) The order
par amebDMdAAHnof ecul es decrease monotonically
therscture of t®echuafmenamnmaeanilayedecreasing
exhibits a typical c¢character of an ionic s
[ 49] Thhyedr ophobdbf cacbmibAldbetemessr pendi cul ar

t he O/ W i ni &rnbotrees datnbde | iy d r o p le o ke $dee eedpleeari n



into the bdhé&omi pvacn phaisnelVambasti ons bet ween
mol ecul es and hydrophobic tails of sur f a
el ectrostatic repulsion bet wlerking $X(éfdr gr ou
the numbercsfdeDBAfAHe®ON Ziem ot he aqguNeaomesl yphase
DMAAH achi st rt baeqquee oiuns phase apart from stayi
Il n contrast to the average distribution of
of the number dfeoncsciutrise si noft hlekMAalrgHnebeya is e @ h a s
| oewn umberi e nsvatt er Apeladmwrhleer. idnediisa atye s

aggregation owhiobl eanl &g ofegRMAmd eaxsul & smi c

in the aqueous phase

Fur t her mortee,r ftahcee t hi ckness was regarded as
activity of t he sufrZ.2alJcHoaweawse ri,n saarhl ya nr easse:
effective only focaded.e PMAAE DVMARAHEe , al t hou
interface active than the DMAA, DMAAI nter fe
mol ecul es,aiss s h.cW3g yBrgc) I n contrast, the th
surfactant | ayer composed of SDS mol ecul e
demonstrates that interface thickness fail:
activity. Al of the ntnt BIDf sdenut At c Enes 91a
calculated 1 n this study,ofwhainc hi nstheorwsa cteh ai t
influenced by the structure of a surfactan
sur f alcheenlt FE of DMAAl2hwkED& mol es iAfter the

protonated, t oh®MARH -12e8clrOe aksJe/smotl o. Such a v



val i dates the enhancedmadlnd duhlfeeash.g da ©otpihv il i \¢ i«
DMAAHmMmol ecul es favor s i ts rol e as an e mul

mor pholsaugy acft anandiotnloeé iaryeaggregating behayv

[ 5.0]

We now come to the gener al conclusion that
before activated and only present in the ol
interface, forming a Ilposkesproatomati oppemna

DMAA™™vi t h hi gher hyd¥pdpahyisl itchiet yr.olDeMAAfH a c o
surfactant, packing more orderly and stabil
charge density at the mO/N Wciunteesr fdadéd useomeatl
phase, and the Coulomb interacti olmhse sdeo mi nat
findings comglwe memt ntgheneC@ani sm plrdadplosed b
angdxplain the experiment al P RB&hemdmdn orwe ppar
sections will show how the Coulomb inter
mol ecul es and <cationic/ ani oni er esswprofnasdtveent

mechani sm.

43 . 2 Switchability and syneéwigtihstanc aenfifoencitc c
surfactant of SDS

To simulate the synepgwisttdltalelfd ecdt iberniwe esiL
an anionic surfactant, SDS was selected as
to previous [MO.BRZnud eatpomgiong@g @GOxt ure of SC

it can beFioghdsrdectyheadt isnome DMAA mol ecul es dif



phase, and no SDS mol ecule is present in ei
SDS is undersaturated at the O/W interface
i nt e Fif pueked bsshows t he radi al di stribution f
with water and SDS molecules. The peak of

hydration shell, indicating that the struct
i's rathde¢ngddd@set hénnumber density of DMAA
phasmucihs | ower t haFn gtdl8éet ) wbhsehvedans that f
with an anionic surfactant relatively 1 nc
mol ecul es. Al ongFivwiutdhe df) hteh er ecsrud etrs pianr amet e
decrease from 0.48 to 0.18 monotonically,

kept at 0.3. A reasonable explanation is th
than that of ther DMAAL impd ewiul @ sSDFE render s
more opportatniwat eero ncoolnetcaul es since SDS i s
interface and occupies | ess interface area
A predictable effect of mi xing up DMAA an:i
density of SDS mol ecul es, which can be va
Compared to the result where SDS is applie
density of SDS mol ecul es at t he O/ W inte
el ectrostatic repul sion between SDS mol ec
bet ween SBS dmmwlpe d klddnmad B XkJo/ 309 4 .a4f t er mi xi ng
DMAA. I n contrafstintéeradtnitemsenegrgi es betw

hardly changes wupon miXxing. I n addition,



formed bet ween DMAA mol ecules and water mo
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water molecules more efficiently
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interface final configurationyrefl)yrnadi d4lo
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mol ecul es are colored gray,| aghde¢eme DMAA



Surfactant mol ecul es are in VDW model s <cor

dodecane mol ecul es and water mol ecul e

Upon punrgitnhgerCeO i s an obvious s'yvamedr gSDsSt i ¢ €
mol ecluFegu4beait I's clear that nearly all t
surfactant molecules are parallelOftW the m
pl ane, which represents a denkieg ¢ybdebR®i ng of
demonstrates the radial di stribution func
DMAAHNo!l ecul es and oxygen atoms in water,

separTahtee | fyi.r st peak of NtOh&DSurcanobeNOCDNMAA
about 0.25nm, whichei otdhleoser Tthha&n ptelaks @ so
width and higher in height in comparison t ¢
indicating a tight combination bet'ween t he
surfa€igmbeci)s the number densitieslprofil
i ndisc dtheat neitheri SDfr easo e nthMA®AHtbrua rky pthoa stet

previous conjecthenertbhatced|l eonhr pat atsi ar e f
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t hei nes model

I n addhei phateau values of both the surfa
observed within the fihigef(@cc)elot ziomcei, c aatse si
the transition from the ol eic dgroadtuhael .a dAu e
pl ateau value means that the number of dod
is constant within this region, which can
pairs with dodecane mol ecules. mboushdarsectu

cont act bet ween dodecane and water mol ecul

Therefor e, it i s reasonabl e t dmaloencsu ldeesr ath
the O/W interface is stild@ Uuns atrubr aotnetdo, an
the interface.

Mor e orviggrd,5(eds)hows t he order parameters. It i

parameters are very c¢closetooeopnedeAs paf ame
means that the direction of the hydrophobic
is consibBtehe wnapshots of the O/W interfa

that the trends" mofi esDhSeandreMAAlhl y simil a

a tendency can be explained by aistsrofg at
the two molecules, and this phenomenon fur
The | FE nail ¢ htaed s -wat edi lsystem stabilized b

SDS/ DMAeAXHhi bits the | owest | FE among all t



validate the stability of a Yurofragcthegy | ay

per spective

Our observations provide a different pictu
ther&ponsiveness of the emulsion system
strength of (W&, appdouvusxalplyasepport the hyp
al . that the interf axevi dcthiabiltey safrfacmart L
surfactant should be the dominaftl%jgDafiact or
et al. proposed that the switchable surfac
an ion pair with electrostatic neutrality.

the I'FT and |l eading to demul sliefmoaatiran.e Kby

the formation of ion pairs is validated, bu
When tadsewi€Ohable surfactant is protonated,
mol ecul es at t he O/ W interfialtiet i mage seémioa
hydrophilicity and forming micelles in the
will form. No ion pair is present in eithe

responsecatfd erhe h@Oaddi ti on of SIDBAIAs di st
is empl oyed. Therefore,>ra@spewsimee hbahawmi di
emul si on system i ss wirtocphoasbelde. sWhrefnacat adhQ i s
csurfactant that carries an opysovdittceh adohH aer g
surfactant, t hepyaitre nadn dt oa dfsoorrnb aonn tioont he O/ V

compact surfactant | ayer.



Il n addition, there are stmdll e cgualpess baefttweere np
CQ 1t is still possible to increase the in
Such a system should favor acowtriencompl phap
Al t hooglxperi ment al w ot rhke dpi hraescet | bye hianvvi eosrt i ogf
of SDS anduDMAAH ant s, earlier works have
SDBS as an emul si firewi aodabPDMEHAuBnBaat £0Ot a
a -twinti nuous phaseiiss ppiriegskedotwewleen €Oey col
that a protonated DMCHA shoonultdo bteh er eghaB <, e d
compresses t he -lealyeecrt,r casntda triecsudotusblien t he oc
phase behavior, despite theisrhalrp NMR kr eastu It
O/ W i ntTdhref alecedlucti on from our MD simulati on

with the experimental observations.

43 . 3 Swi tanhda tsiylnietrygi sti ¢ ef*fwedth @af cRMAA/NDMA
surfactant of DTAB

The above discussion indicates thatt a strol
and SDS mol ecules increases the interface
a more complicated phase behawipareseimt ahev

cationic surfsateammdl DTAB,r iisnteractions at
i nvestigiamieldar t o t h[e5Ip,r%e2]i ous MD studi es
Before protonation, the general phase beha\
to that of FIiDgWAAE aB) DS ust rates that al | t he

adsorbed onto the O/W interface, but some I



phase besides staying at the interface. To
the two cases fromhtheé FEnerf g PMARAE PiRA&E | 8 e,

while that oflORBAA//BRS/snebtl e di fference d
resembl ance between the two scenarios. |t s
mi xing with either anionic or cationic sur

the phase behavior of the system.
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Noma@at oms, (c) number densartdpearsamét at s o0he
sur f achtea nstusr.f alct ant mol ecul es are in VDW r

modadopted by dodecane and water mol ecul es



|l i ght green, and the DTAB mol ecul es
Still, a critical di fference with the DMA
surfactant | ayer. I n a surfactant | ayer con
di stribute closer to the aqudesusi pbasecl| aob
the oleic phase. This difference can be
funct iFaomgsul6iem) Compared to a mixture of D M/
DMAA/ DTs®Bwer in height and farther relatiyv
The number Fdegntf fetsjheosw iaprneccriese Iwther e an of f
occurs between the respectiveDpeakt® aoithebDM/
preferred positions at the O/W interface
DMAA/ DTAB mol ecules is 2.53 nm, the biggest
in a mixture tolie DIMAARA DiidAlIBecul es can di ffus:
more efficilBMAA ymotlheatnu dteheei xt ur e of DMAA/ SD
number density of DMAA in the oleic phase

diepancy is that the steric effect of DTAB

ordered arrangement of DTAB mol ecules | ead
mol ecul es at the O/W interface, excluding
This explanation can be validated through t

parameters of DTAB decrease from 0.44 to O.
0. 15. I n addition, i f not mi xed with DMAA,
t haegueous phase. I n comparison, all the DTA

a DMAA/ DTAB Tme x thwrder.ophobi c effect of DTA



i nadequatthet @2BoDTABI mol ecul es at an O/ W in

the repulsion when the amoumti sofdi DT ABe mo¢

probably caused by the difference in the
mo | ecThleesaver age interaction energies betw
2074.6 kJ/ mol to 1706.9 kJ/ mol . Such a wvar
mol ecul es, probably due to the different pl

when empl oyved éayleone,
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After protonation, an O/W interfat%e aiss st a
showhi g#wi(ea) Compared to the surfactant | aye
it i's noticeabl e that the surfacmach | ager
ordered. The hydrophabdcDTAB I molodc bloed i DM /
the packi n‘gganadf DOMBAHNOl ecul es at the O/ W in

dodecane and water mol ecul es can di ffuse i

many surfacuaes woffuse into the aqueous |
which means that the interface actfigity of
much | ower than the surfiactant mixture of

Fi gdri(ebsshows the radial di stribution funct.i
main peak of t he)N(urTvAeB)o fc am( IbMAMdDHbser ved at

which is nearly tri p)lG ShS) ,diasntda ntchee opfe aNk( O N

the hydration shell. Both the width and h
N(DMAXB(H8), and the difference only |ies in
the formation of micelles and a surfactant

association between two surfactants with ¢
bet weenatwanssrwith opposite charges. Thus
mi xture are | ooser than the compact sur f a

opposite charges.

INFi gdTZ(ec) in contrast to the number densiti e

the relative p‘oasidt iDoTPAsB dfe chbM&EAH ear |l y i ndi



trends of the numbaend dBhAB ta ppe aorf tDAMARAEH sy n
is to say that they behave similamahy at t h
DTAB | ocated within the interface region
composed of a mixt ufseuroffacDTaAmBt sa.n dAIDSMAAH he
the aqueous phase indicates that the mice
DMAAHnol ecul es. The heights of the peaks ar
for the adnhseorsputrifoanctoafnt s onto the O/ W inter

and DMmAHecules employed in the systems ar

MoreovEerguiéd) the order parameters of t he
DMAAHahnd DTAB decrease from 0.3 to 0.07 mon
extends into the oleic phase from the O/W
order parameters in other cases, it is evi:
DTABT DMAIAH empl oyed al one. When the DTAB
parameters decrease from 0.32 to 0.07, w h
decrease fromdér 34i mbl @r 0®onditions. Althoi
and DTAB are al most identical, the reason
DMAA'HSDS di scussed above. Il nstead of an
el ectrostatic "atntdr abcTtAiBonar eDMAIAMI | arly char
repul sion from each other. Therefore, it
t hat DTAB a'ngl aDMA&AHs i mi | ar role in the 1

interchangeablMerwi t mptehaa lalnfeE3REr DTAB, and

DTAB/ DMA2ArfHe v eriyndg¢ Ica@gadtngt he substwi ihi on of



DTAB wi || not exer tstaamboi¢élvitthyenssyismpact on t |

Di fferent from the formulation of a surfa
studies focus on the formulation of a surf;
are no corresponding experimental observat
with another surfactant carrying a simila
switchable surfactant with another surfact

behavior of a surf @chiTaABt i mi xstiumrid acf tDODMA Ak

of trhfeacstuants in their own forms. It is the
DMAAHNno!l ecul es with DTAB mol ecules will mak
of the system. | harmd hBTABvomalse ©MAAIH contr
final phase behavior.

Since the phase behavior o'f DA Bs uirsf aclt ase
DMAAM it indicartespotnhsaitv et hneecch@ ni sm of t he
DMAAH s similar t'al ohet WhiedDMAWrEgeCd i nt o t he
DMAA is protonatéetenot DMAARt erface activit
by DTAB an'd ogMAAKTr. This finding wil!/ be 1
switchable surfactantfsorl iike bEMAATeBMALH si bl
of the expwnscdhwarbflCt ant which is hard to

traditional surfactants which are easy to
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surfactant mol ecules are i n \aRW pmoedelbsy c o
dodecane and water molecules. TheTX»®MAA mol

10M@ol ecul espan& col ored

As shé&wmgdB(ea) it can be observed that before
100 mol ecules can both diffuse into the ol ¢
Il n compari sbhOtomdretDMAXe mpintelsee Ml &9 .

This is due to the hLiOgb eov earntDeMARa awo | detcieu | vel st
perspectitwvieeolf hEn®MENO/0T X¥ni x e d -9i0nLt3e r5f &cld mos ,

which i s s noafl [tehre tnhiaxnt utrheatwi t h i oni ¢ sur f ac

Howevdre, radi al di stribution functions betw
mi xture-190thr @€Xsigniffrioenanthloy edii inf érheentscena
surfakckiagd&ehg sharp pealboat¢uOs2 nm for th
of DMAA -B0@. T&Xihgthtt he peak reaches 10. 4, wt
maxi mum of the RDF/ §Pp&8kscenahieo DMRAWMHS sugg
an intensive interaction betw#w®é&n mohechéead.
Such aunalunbueshavi or can be explained by th
bet ween the hydr-409l mgteocpl esa ahd TKe amic
DMAA mol ecul es, based on their mol ecul ar

atoms in DMAA mopdrecgdr samdeapibeer ecax y g-en at o m:

100 mol ecules can be hydrogen donors. Whil



this study do not possess the ability to f
The number dleGidnesDMAAFRXgdpeca)ygdesh t hat
the thickness of the interface and the dis:
those observed in the DMAA/ SDS scenari o.

behavior-100/ DMAATXystem is similam.ho that
ot her wor ds, al though hydr elgdeOn abnodn d B MAcAa n
mol ecul es, they are not strong enough to i
at the interpacamedThberiopdBéeddMAsho isnuggest t ha
hydrogen bonds have insignificant effects
DMAA mol ecul es.

After promioxtadfi MAAKDD exhi bits a typical

bet ween nonionic and ionic surfactants as
the final ctoh¥Di gsuirnaytdissotns bafw g i a) al | t he
surfactant mol ecul es are concentrated in ¢t

Compared with the sGenaricaasn dfe sodlseerDMAIAH |
nonionic surfactants <c¢an Teonnhatnhcee itrhtee rafdascoer
DMAAHnonomers and micelles are not present i
as the nonimoead wtchsau gcfhaacrtgaen tds€e nsat yt oé DMAAHT
regi on, decreasing the &electfihhesadtgroupyp.ul
Additionally, further i nvestigation reveal

DMAAM Nd-1TX mol ecul es, which al so enhances
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Moreover, it iIs noticeable that after protoa
shiffutrg her aawdyrsipd ddyeb d wihn ch can be attribut
in the type of hydalbgems btomelsr olPe obbnaii ol
DMAAHmMol ecules from hydrogen acceptor t o
although the number ocfhahggeongem obondtsi o,
geometries of hydrog@gKOBosgdstem ahe OMAAHN
in the BIMAA/SITYKst em. Still, comparing the
speci esdearmrdamet er s oFi gsdrefcaandei agrdtaged ) 1 h e
hydrogen bonds "dored 4®¥n fAMAAH O i nduce signi
the morphol ogies ofhaseflehawntold ayefr st laeds
the order par ameters are higher* thaéar t ho:
hydrophobic tails of the surfactants are
observed in the/ 8Dt ube bDheDMAKEr hand, t he
number densities of surfactant headgroups
DMAAHMDTAB, which suggests that there is no
the two surfactants at the O/W interface.
Therefore, the cointaHeu sa dodni tciaonn boef da atwnpi c al
to an emul siomnpswitbbhabkzedsbyf &0t ants can
activity @&f otrhme nngi xhtyudrreogen bonds na&ar t he

synergistic effect iIis not strong enough as

surfactants.



44Concl usi ons

I n t his wor k, t he emul si fication/ demul sif

cont ai Ariensgp otndstiisoerifcact ant ('PMAAGDMAAMLE t ype
of sawa f act ant/ TXKD)WaBs/nYR2Sti gated uskHaorg aD si |
SoC®r espocnastiisoerrifca ytsaD®MAA s mor e | i pophilic a
i nadot e ol bescsipleasadsor bi ngbeofnarientjCGex t@®/oW i n
Wi ttthe | mjfegQaonDMARAIHecul e gains stronger h
di fdiunsteo t he aguusetoevaddi whha svea b-ri edsapg cerss itvhee bCeCh a v

of a switcha&aRlle surfactant

Addicmsgur f actants to the system will | ead to
the type sofl ssuldacaant i s, catsonfactake D
of DMPAANH DTAB wi l |l behave as its separatec
similar to a typical cationic surfdctant).
and DTAB molecules | imits the amount of a

i mpedes the formation of an orderly packed

ca be achieved by *deop rdoetcorneaatsien gt hDeMAAH er f a

surfactant mixture. I n contrast, emul sific
to enhance the interface activity.
For an asnuirofngcetDeBndi n tahils tshteu dnyogl,ecul es i n

DMAAHand SDS will | adsorb onto the O/W inter



|l ayer. 1t indicates a higher interface act.
attraction between the opposi tried sl ¢ ma rtgheed
formation of i1ionic surfactant pairs. The h
associationt aoifl €Eoumpfaa etdanti t h previ ous expe
propose that the synergndt$bPSedhfiRrancbdbetwee
activity of a surfactant mixture and favor
of the enhanced i oni c s tarse nhgytpho tthhersoiuzgehd tihne
stuflés1i®ére i mportantly, the formasti on of

a dimecmani s meopolLOIi ve beharvasopron snvihweea es urhfea
i's primarily caemomaneéntmuadtuesd pihmsehe nBit ead of

phaasfet er i ntaroducing CO

For typi casumbacobamdsO¢cloitkheeyTXx an reduce th
repul si on be'thweeaedn gD MAUAH . They also posses
hydr ogen bonds wi t h®. b®hhs DdhAeanf hBabiitdbetbi st i ¢
interface activity of the surfactant mi xt u
strong enough to i1 nduce significant chang:¢

monol ayer or phase behaviors of the system

I n previous cEORI tsd luab lees esufrr ffGectt amttss ,ar e en
wi t@Qawi tchablteo saaddmtcttammtt he compl ex reser
studies have focused on the switching mech:

mi xture with theur se¢set gisstdieammoaesteat edOt



complex phase behavior could occur wit

h ai

breakt hroughofobatdemst antli ngthemdeoa@Oasfi fi ca

esponsive c@duf datcdatctomicttusi on can be

urfactants f o#rneuslpactnesdi vvei tshurd aC® a pt Wi

esponsi ve mec-Wwamnseusrnisacdfanthe ysitlem. The

houl d bef gramull & @is wmhteashuarbflaect ant s wi t h

o

mahkee mi s pmomed t o t haes edxetserrreadl. st i mul
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5.RBesults and discussion
53. 12rC&0sponsive cationic surfactant
surfactant AOS
( b DMAA
57 = A0S
E om g
0.4 u
u u
- u
_ 03 ™
g [ ]
0.2
0.1
0.0 T T T T T T T T T T 1
Group
( C \ d I Probability
1 4 0.0404 = Gauss Fit
74 0.035- /_\
g 6 0.030-{ ( \
g 54 E\0.025<
é 44 Eo.ozw
§ 31 20.01&
8 2 0.010]
14 0.005-{
00.0 05 10 s 20 25 30 0.000 II y Y y y c z ) g II‘
distance (nm) Angle
Figu2(ea)5.0/ W interface final conf

parameters of

(d) distributi

NbmaA A

DMAA mol ecul e and t

surfactant mol ecul

dodecanemahdcwatesr

the nonpol ar

mol ecul es are col or

Wat er mol ecul es an

Fi gb2(ea)l l ustrates a

groups

DMAAi ahdi ROSj ofic Yaunadi @l

on of

h@-Onplr anma ¢

es are in

The pol ar

of DMAA mol

ed dar k bl ue,

d dodecane mol

n O/ W i

f or mul

gur at i
anglGN fpolrameed ibny at |
vecanmnrA®® mdle
VDW model

groups

nt er fraicoer sttoa btih e



introdWCtiindm dfhe system, DMAA mol ecul es st

stronger 't pophilicity than hydrophilicity
instead of the aqueous phalsfei.l Ast eaipecamredi c
as conventiocamallrisanmnisdgti butt e  at the interf
noteworthy that the surfactant | ayer 1is no

DMAA mol ecul es are r aftédaetrurliorog et iaWwt tthhge a md
each othedrophohbhec chains of AOS mol ecul es.
The order paramétigb&ehpanprdepdet addi hi onal
this arrftangaememe . observed that as their hy
phatslee order parameters of AOS Ahwobemul as ri
trend i s observedwiftohre rDdVRArA preorl eimetgioeerds. 3i ncr «
antdhdacrt stgos O n dtéhre same conditions. However,
of DMAA molcemplaesmawvé&ey, indicating that t
irregularly 1in thawsesakmhnaet & @tdealra yhéeor Miibtrge., t 0
order par amet eG.$5h ne,e hdled pevst $ higu dthuarte tdfe t
sur factiasntr eli;agteompbagt, which is consistent
oFi gb2(ea)

| #i gb2Ee¢) it can be seen that a spike of 7
di stribution function adsRduky) e notthien gattohne p
probabl e di staam dgerndeeg wefent teheDMAA and the p
when they ar eMarte eiqmp@iigoabd dulehy| | ustrates t

di stributi on otfheanngdrensalf oddicetod rbrytto i nhea N MA



mol ecul e and the nA®O mal anveecit mr a mTohA@GBH e mdIl e
di stribution ranges widely from OA to 180A
no preferredheoetfhoegree aitd omegl i gi bl e i nter a
and AQ®yf wmnti on i ndependently without <cau

one another.

( ) ® DMAAH*
0881 = AOS
0.86 f° 9 3
o 1
0.84- u .
[ ]
0.82-
g ]
S 0.80
(@] ° ®
0.784 u
0.76-
[ ]
0.74-
1 A

T T T T T T T T T T 1
C1-C3C2-CAC3-C8C4-CaC5-CTC6-CaC7-CE8-CU09-CLNO-C12

( C d | Group
50- ( . Il Probability
SAOS-NDMAAH+ 0.060 = Gauss Fit
0.055- P
c 404
§® 0.050 / \l
2
g
s 0.045-
5 304 0.040
2 50.03&
= o
g 2] 3 0,030
5 £ 0,025
5 S 0.025]
g a
c 0.020
10
0.015
0.010
0 T T T T ; ; 0.005
0.0 05 1.0 15 20 25 3.0 l
di 0.000: T T T T T T T T 1
istance(nm) 0 20 40 60 80 100 120 140 160 180
Angle

Figu3(ea)5.0/ W interface f i haanld cAoOnSf,i g(ubr)a toirodn
parameter staod BRAAH(c) radial diagd ri buti or
Nomaan+ (d) distribution of angl-G®GN fpolrameed ibny t
a DMAMHI ecul e and t he -G rpmaaneveicnt oarn tAOS hnec
The surfactant mol ecules are in VDW model s

dodecane and water mol ecu’lmod .ecTuH e sp alreaer dai



green, and the nonmol @acugecup@as eofl i QMAAIKTr e
groups of AOS molecules are colored dar k |
mol ecul es are cyan. Water molecules and do

orange separately.

Purging th® nonionic DMAA mol ecul e is pro
DMAAHvi th a strongeCommare mfeiacal acanfviiguyr at i
t hseur f actiafit glu2Z(ga@b .l t he sur f atcitgéndts gmobleedc ul e
onto the OQ/RW gbBtfean fammade no fmelee DMAAHI s obse
in the bullkn oadctl kseuipdira s ¢ canrt s i bshtyi EnMjrasnHd
AOSesults in a signi fiTchaen thlyyd rnooprheo bci ocmpcahcati r
DMAAHand AOS molecules are arranged al mos
interface, while the polar groupBi peurcaapy a
53(ashows no bending, crossing, or tilting
i nterfacki gt2fdai)KiTehiisn structure odalt hef stuhrd a
responsenta @OXxisuwiet chfabC@ cationic surfac
surfactant, which indicates the high inter
behavior.

The order parameters ofantdh éA OfSo mpod leacru | peasr tar
i i gbBEDbAs anticipated, al | the wvalues ha:
rangirmgn 0. ,ToOntso sOedt wifihg®deal)ti ndi nvpg t h
mentioning that the trends of tbpeoirfdiec pe

val ues being Tre ar Isyugigekeerntsi caalr.obust and st



among the carbon chains of these molecul es
When atmh @girnobeup oxdswtihe h@®l e sur facDMAAH i s pr
mol ecugbtl| yt hbeegdsi YOA®PS chhhigendcearfriegde r e
53(a)hrough t he. RDF-SApglthwee entma x i mum of t he spi
46.8 at a distance of 0.42 nm. The proxi mi
NCls betwetandMA®RI are much stronger than
DMAA and AOS. FAg b8keown nispecting the angl e
nor mal v eNgCMNpl Boet he a DMAA mol ecul e and t|
OO0 plane in an IAtOSbammdmesulevi dent that th
concentrat.,@dd spdiayndag9@ more explicit Gauss
Figb2(ed) This indicated t hatanad sAUSf, adtndnrtuem:
by the NGIdoapttepelsi tioc configuration.

When examining the spatial di smolidbauuli o f
around an AaGSFimpd4eechel S, DF hi ghl i ghts that t
adjacent to "anodierrqglle DMAAIHt ¢ caleiagm walt hest
t heaimi dg rnoautpteadc ht o t he sul fonate group, whil

stretch vertically towards the O/W interfa



Fi gu4Spat.i al distribution function around
represents spacepMahegoenst| andi sheedrhbhynghl p

t hatpwoafia tCo ms .

Based on the above analysis of the structur
be i ntfheatr etdhe transformation of the surfact
CQf or a mi xstwirtec hoafb1CeO cati onic surfactant a
Thiosbhservanilbe attri butegan ®attcohsS Ovpyr gat sur f a
t hatNCtldseet ween 4 lthrefsaacdatiedrad sal so be di f.ferent

More specifically, whetthheer corbisteircymeld nnaoa ridl eytt @ rc
stem titreoemal terati on i n el ectrostatic i nte
Additionally, the trends ofswggest ptaha mernteg

ofh nonnegligible hydrophobic effect betwee



of the NCIs remains wunexplored. Tradition:

revealing theNQlest,aiilmsclafdi ng the relative
interacting area. Therefore, It I s necessa
weak interactions to obtain a more compr eh

purpose, thewa&D&dappedatctb scrutinize the
AOS and DMAAH

Upon protenghidncant emebgdwveesv atbtihen dDIMA AH

AOS mol Eeuéeare two types of interacting m
Fi gbbe A small spherical area nenal etbhékeami
indicates the Coulomb interaction with the
the strip area along the hydrophobic tails

hydrophobic effect dominated by the disper:



Fi guBNClI5s. bet ween A |laercd|  BMAAH I ustrated
approach. The red circle frame denotes th

orange square frame denotes the enhanc

The Coulomb interactrconrasnpgahdsnkegaghi vehtval

of RDG functi on, and the type of NCI i s
el ectrostatic attracti on, the surfactant
orientation at the O/W interf atceed alnhglse i s

di strofrutgid@@ablur t hecaoanmosriedbei ngteeactainant he
di mensions of the sulfonat'ecaddntmoatdi ne gr

ef f ecwtiitvheltyne aquwdxwpdh apmassevhy t hé€cpeak of t



is closer to the aqueous Adhastangisre tdheda ac ¢ 3
frequently hol d, etahregit ieal ovefrdorom&teidon n a t
analayngii s mi sssientulaass i on noiDespoterapddomaes $ e
ext,déht i nteracting area plays a vital rol e
surfactant pair and the structwme tfalihlei tsy

of d@lheectrostafAccoiditegatobi bhe correspondi n

flux 1 ndex (TFIl), t he TFI ivmadiuceast iwn g hri enmatrhi
stabin iGoyul omb i nteraction.

The other type of NCI is the hydrophobic ef
and DMAAHecules. This strip area is nearly
carbon chain. | n aassddioathe d hweiutalRBGev al ees
and thus the iIisosurface is green. As the h
forces, the intensity of such NCI i's rel at

colored green, meani ngnathaas t$tearhdysstradtpi hdo i &

interaction. I n this regard, the hydrophob
of the surfactant mol ecul es 1 s inadequate
mol ecul es and keep an ordered | aybeirnesTo sur

AOS and DBMAAHact ant molecules is the el ectr
el ectrostatic attraction, the stability of
al so increased, and both of thesxe off adther s
surfactant pair and the O/W interface.

After utilizing the aRDG appr oagbhe,t weeecnl os er



DMAAHand AOS molmpauMeéest i nct HmFercthlaen monrse , t !
aRDG approach can offer addivioeowmeat| oomlse d ht
information in a conventional MD simul ati o

53. 2 -COLponsive cationic surfactant for mul a

According to the DoVAAV iwd ush AIOSc bpnSd8 perdnrel i er
COQswitchabl e charwadsearfiascti &antofsyannt eom lor i gi
di stinct phase »rbehmponoirse ofpdadcieesCObef ore a
However, wisemn ticthhabC® cationic surfactant i
surfactant that contains a benzene ring |
is significawitllly de maregterdat &Nehow aRDG can
insights into the NCI mechandsmBDBByY olwhii d

cannoty beel ufcuilddat ed by MD si mul ations al one.

( b ) DMAA
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ameters of DMAA and SDBS, (c) somradi al d i

A (d) distribution of angl-@&Ngloamedi mbyat |
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sur
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i
str
v al
5.3
t o

an

factant mol ecules are in VDW models <col
ecane and water molecules. The polar gr
par groups of DMAA mol ecules are yell ow.
colored bl ack, and the nonpol ar group

ecul es and dodecane mol ecules are col or

66(eda)l |l usheaODEeWW i nterface stabilized by a
ecul es. Compar ed Riog bi2lee ) s ur fiasc teavnitd elnaty e
king i s more organized, which represent
arsogfr osupr f at tFa g6 i) rtsh.e or der par ameter
ecul es range ,reefweeecnt i h.g6 aanrdel Gt7T vely

ange®@ant he other hand, tohsec edirldaeert wpeaerna me
4 and 0.55 aspéehettingegd @d pGoobppatr acnega i thh e RD
gb6Ect)o theFiogndeEch i t ec daeadt DMAA has a
onger associ attiher wintilonsRBSQRAH goreta&knt s,

ue of tdveNpasdosnm s er vSed at 0.69 nm, witdtl
demonstrating an aggreght snbebawnanororso
the order apaoaiineat epd optaoctnthaetfendr nDUMAaAtHe d

oanic sulrtf aappebdrsi ginhafti cant betoween at hen



hydrophobic chains of SDBS and DMAA mol ect
parameters are consistently above 0.5 wit
indicating the formation of a compact sur
acti vi tiyxtour ee.he m

Fi gb6(edg)i ves the angle distribution of the

t he pudCaNpien o DMAA mol ecul e and the nor mal v
SDBS mol ecul e. The histogram displays an

average ofThabowtbs@8Ovat iwint,h itnh ec oonrjduenrc tp arna

o)

Fi gb6eh9trongly suggests the existence of

that i s | i keloyf aSdDoBpSt eadn db yDMAA rnso |l ecul es at
whi cchaussed by strong mol ecul ar i nteractions
Through the statistics of the molecular treé
mol ecules and C in the hydrFophdiEi lcusthmaanes
the spatial di stribwaindomiGduoohdona 65DF) e of
mol ecul e. The trajeoltbefoomelhys hapgemgantam:
around the benzene ring of the SDBS mol ecu
al so formed a circular area around the hyd
around molSeDcBul e al so di spl agbsaamedrid aan bel
AOS mol ecule, with a tiny difference in the
adjacent to the benzene ring in the SDBS m
the polar head group of the A&t enotl e uh@st

frequent positions visited by the atoms of



mol ecul e, such a representation i s S0 coar ¢
by surrounding DMAA mol ecules not i nter act
Neit her can -SiDtFu tadkrf itditer atni on of DMAA mol
showmeaningful interacting area.

Based on previous discusasgindanesr,acitti ons bkt kwe
benzene in the SDBS molecule and the amid
phenomenon knrRdwrnt easacamiothe was di scovered be
benzene, wlyeroanetthrero NHE aan ffiagler at i omowtas f our
stabl e anhd.4dnt tardaddattiivoen, -Ht' 't wpe hypdndgehaboNlN
occurs i1 R iItnfer@midens plthesiimlterabat on be
DMAA andc &mweBScl assifi-eddntees Bz namimd-&d 81 s

i nt eriasctdomf i r med, it is stildl necessary toc
ami-dient eramcd i bhe Coul omhur umeerr ssdtainadn htoov t |

interactionsesapbdbersit vehme COHMIBSM mofxtiuhe . DMA,



FigurTSpat.i al distribution function around
represents spacepmMaaepunsnt laypwdv it hiet ead amyg eN p

t hatpmodt dCms .



FiguBéap. NCls between SDBS and DMAA mol ec

approach. The blue square denotes the inte
the amidine group, while the orange square
bet ween the bhaensquéab¢ dbéepotes the inter
benzene ring and the amidine group; the i
effect is missing for another surfactant p.
Tauunderstand why SDBS is uniquef @earomplaatead t o

wi DMAA, a thorough wunder st asbdkitnwe enf tthhees es pt¢
specises elfiug 58ebs)hows t he interacting areas |
SDBS molSeécmilleassr. t o t he NG@Ind ROtSSwaers cDVMhrH
previous section, it can be observed that t

and DMAA mol ecaimedientnrbaecitsieoenh et he ami di ne



the benzene ring, while the other 1is the h
Il n addi anadd, itnh ey amiagh lsihplptessd agdrdenegn t o t he
of their a,RvihG c h u Mmeeitannts@ ath éasych i nteraction
According to this unique form, the planar
critical role in determining the configurat

at an O/W interface.

Achieving an enhanced hydrophobic effect be
mol ecul es requires a stable and strong inte
and DMAAMHheir polar groups carry opposite c
attraction, which | eads to an enhanced hyd

I n the case of SDBS and DMAA, the planar |

gener atme-diamt erqatctomg@ enough to replace t he

atttrnaseouch interactionomal geomatci yi bat wsem f|
group and the benzene ring, which in turn e
a geometry that their hydrophobic tails are

of eaanmi-dient eriasctniooth as strong as that of the
can be observed from the resufFitgb6&éb)anot her
The interacting area around theobenzenanel st
i's absent, whiamh-dieretaenrdactithiaotnt oheff ecti vely

surfactant mol ecul es.






absence of an interacting area of hydropho
why some DMAA mol ecules are still able to
solely existing at the O/W interface, whil
t hcease of "abnMIAAHIreef or e, al though the occurre
in SDBS significantly i ncreases the interf
i's not considered as strong as the el ectros
pol ar groupsanadf abMAAKTr typical anionic surf
Previous studi esyrileaypesnwsrofveedt armtatdias pday s s

activity even | 28 dHoawetvievra t etdnh ef ocramusse f or t h

activity >wleesmpodnusrefva@dt ant i s for mul ated with
been well explored. More i mportantly, t he
detri ment al effectsosowvi ticthabpreactuirdalct asne so

interfere with the di-watsaucrtf apchtaasnet bseyhsatveino rt
by the protonationkhsiwiprohamlae¢ i snor fod c ttahret . C
earlier, ax¢ Rispwnibg rvacstCdOc requires inducing
behavior in the system following protonat:i
mechani sm. Therefoxmay noti $upaeas sioml ast mast wl
as the SDBS molecules can form an organi ze
O/ W interface. | f *ftahteb spbrroitnogn astuefdf i cMAeAH st r
the surfactant | ayer and thus the change i
system mayazrlesspe ntsherwsC@ har act

Actually, the deteriorhaisomeen repponed t o



study that focused on the VeasdcISEOBE®ompose
Typical |l y»s witthceh a I€I0e vesicl es ar e expect e
mor phol ogi cal changes or even compl ete di s s
but those composed of a mixXxfaré o©b BPBSvar
Upon purngitnlge CWesi cl e did not display obse
that the bGGsi atiusyatoaftlasoine strong enough to
di ssociation of the vesichmttempthey wacdde
t horaopmrgdtioomat Unf or asutnrad red ¢, s sam gdsiid anbdte ac
effect either. The only morphol ogical <chan
i n vtehsel c.| el tsiizse more | i kely that the phase b

NCdbet ween SDBS and DMAA rather than the | e
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Figut@ab. O/ W interface f i haanld cSoDhBS,g u(rba)t

parameter staodd BEBBASH (c) radial dgostri

Nomaanw+ (d) distribution of anglGN fpolrameed

a DMAAMHI|I ecul e and the nor mal vector

mol ecul e. The surfactant mol ecul es

adopted by dodecane and water "mol

are dark green, and AHmolneomwplod sararge oluipgh tof

polar groups of SDBS mol ecules ar
mol ecul es are white. Wat er mol ecul

orange separately.



When toies@Osnusrifvaest pmto tnmanxatouerdeD MPAaAnHI S DB S

di splays thédedhagyve@dsed| pungsle@d)dt i NS not ewor

i i gblt g bt)hat DMAAKH bi ts greater interface &
unprotonated form, as free surfactant mol e
ol eic phase. The order parameters of SDBS

DMAAH ange from 0.71 to 0.87. Moreover, exc
the order paarabmen ealsaionfs tahree ckept above 0.
carbon chains are al most perpendicul ar to -
|l nspectingsosbe RDFRighi®&c¢) the spike of the
reaches 37 at aboutsugg422t ema Thigsi bebamt b
structureFitdhpadect)hian whmi ch no evident spike
di fference in the RDFs indicates ,that the
mechani sm cannot be solely attributed to el
0faod , 1t can Dbe observesdpst hatother spi ke
at the same position but wiotfh tahel ofwerrs th epiegal
a sl ower rate of decaying to one.

Addi tionally, the distribution of #&he angl ¢
CNin a DMAAKMcule and the nor mal vector to
mol ecul e Risg®Ih@®dwnThe hi stogram i s more r anc
scatt eree d esshuaintmst 66 (@da nFli g63(edThi s suggests t
t he@mi-dient eramcd i €&oul omb interaction may int

resulting in a variable arrangement of the



subsequent di scussi on, based on the aRDG

mechani sm.

(b,

Figul®BCbs between SDBS&SI anudl OMAIAH ustrat ed

approach. (a) The blue square denotes the
and the amidine group, the orange square ¢
bet ween the chains, and the red circle de

bet weheen pol ar groups. (b) The red circle di
bet ween the polar groups, and the orange s

effect bet ween the tails of t he s

According to the previous discussion, the



and sul fonate gamiugiend hreawlc@oidolecandb tiont er act i
enhanced hydFobpbb¥pap |lafsftecatt.es t he yiel ded
bet ween amdDIMAAWH e and its surrounding SDBS
NCls between the " BdDIB&c ualneds DaMAcAHo bser ved. A

seems that the NCls barwesmn mPpDBS aamd MmBDMAAE

t hree i nteractions. However, utilizing t
comprehensive iasaghiens htoevédalsiengnthat t|
of each other but I imited by the relative

SDBS and "MMAAdHul es and the preferred conf i
| #i gbt ¥ hb) t he Coul omb interacting area 1is
hydrogen atom protonated ofimdlhec wlms d,i n&nd r
area iIs highlighted blue, representing a hi
that the planaranafdeeat e eipsc easbesnetnitn gc I[tohsee t o t
interaction area. This means tdoeaets tnloag I ercze
t h®@emi di ne g rDAVMAPA'Hd | etchuel e, ihmep | yo sigt itochmaitn gt
orientation ofartdéediSDBBSrhepwtl SiOnBdS®Xrhd Iba d u Ines
t haemi-dient erlatctfi omt her i ndicates that a singl
bot h Coudmirdienamd acti ons wi'mbl ekel ehmes BMAA
timMbe presence ofi nbotthe daogtisetreamtti Hagdht o0
combi mdtitdhre surfactant mol ecul es. Rather,
avai¢abmeThi €esperfectly interlper etissttrh eb uvta roi

Fi gbt @& dgnd tFiag®6Giled) t hat the stable angle d



fromamiheient eriat mone scattered as a resul t

electrostatic attraction.

FigulZFbs of the NCIs betmoeleenc udDeBsS ialnlduslxMA
aRDG approach. (a) The blue sqguare denotes
area between the benzene ring and the ami
denotes those of the hydr opheo bTikcl se fpfreacjte c t(e
onto the electrostatic interacting area b

sqguare denotes those of the hydropl

Thami-dient eracting areas are considerably | a

that their aRDG val ues FairgeblIcklao)seel tthbo wOg h Ab ot



ami-daend Coul omb interactions can | ead to an
hydrophobic tails, not alimi-&é&mBtSe rmocltd counl e s
DMAAH an display an enhankiegbihgy dfhopthtodi c e
correspondi ng amk-ldievtaéd neamst icsdlni tghha | 'y s mal | er
to O, and thus these ar easl narceo mpiagh Isioghh tt eoc
hydrophobic e’fifretcer,actth eonamisdestr orndier and
del ocal ioZed hleo bdmz eerhee rqitrhigdr ilsand swe sk aearb | e
than the Coul ohdns ;mgeemrmichgtommnt pairs for mec
of the | atter are | ess slthalsl ¢ edmd imor e fpri ar
stability | eadrsedgpmponshieveunbeghuaev i @@ of the s
ami-dient ereaechtamocnes t he NCIs between the unpr
while weaking that bet wvaed SbhPB&permtdeated
i nteracti on hvardieatsi osnisg nu @ d rctahpesl cetca nraotsitoant i d
attrabatooncc.dheriemiorieal swych formul ation sh
With the assistance of the aRDG approach,
DMAA™Hand SDBS mol ecul es. The di fferent N
contributions to the formation of a compa
ami-deend Coul omb interactions can both faci
maintain their hydrophobic tailasmi-der mal t
i nterraedq uiomesn ag efoarceet ry of the surfactant
el ectrostatic tihnet esrualcftonoant eb egtrwoesepn and t he

because the electrostatic interaction req



mol ecul es, dahd veseal vessggesfter mbhaatt emdh en L
SDBS and protohatmbhde etcau | BAMAAHIt prhactei dreshavi c
t he scyhsathegns s signi fiincaminlty.asThwthse niwdDatA Ah a p p «
i's combined with a dwhéeeentmeme@i ankeccasalblf
chasngienCbosbadquently, such a formulation wo.l
a trigger of emul sTihfeiscea tfiionnd idnegnsu | vee Ifli ceaX p lo:
DMAA/ SDBS to regul ate t hsewiftocvhmeahtliom késbr eak a

previous experimental study.

53. 3 ThHa mewas i onal di stribution of sur fact a

Fi gbt & a)dsshows Hdhemenwoonal di stribution of
water interface. The orientation of surfact
ol eic phgsralmoth DMAA and AOS have hydro
to arrange flat at tphet.iThtfesriftaeaca,l tc ageaereiersg
the prewiiews odi dere sFKirg @Rdetag iting Ibd gebr) i n

nearly all t heantda iA@® odrvréaNiigledta | |y t o t he
creating a high ratio of wvacancy for the
bet ween surfactarctorpeaidment h®hiFsegd (@as) riino

When formul ated with SDBS, the coverage of
with theEei 4B a)nRi gb6x%d) the tails of surfact
more tilteld gohplay eedi tb agrees well with t1l
par ameters asTHhiis cduisfsfeedr earbcoev esuggests t hat

phase vibrate more freely.



@

1 2DOMA Al 200 S 1 2DOM A A*H1 200 S
(c) (d)

1 2D0MA Al 20D B S 1 2D0MA A*H1 20D B S
Figbrx®urfactantofdiditfrfi ebruet n Xe/lpasyasntee ms

Mor eoverwattelre imitler f aci al tensions (I FTs) o
and the results are provided in Table 2. T
obtained from the scenario of DMAA and AOS
| FTncreases significantly to 93.432 mN/ m,
scenari os. I n t he scenari os of SDBS, tt
protonation/ deprot onSabB&nmMMABort hehd Fmi xtewrcd
57.339 mN/m, whiDMAAMH st 50f 6SBBS and

Compared to the morphol ogies of t he surfa

di scussetd abhavéeeg observed that a more comp































































