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En relaciOn con el expedients de la referenca y dando cumplimierito a la iItirna 

prôvidencia recaida sobrŁ este asuntö par rnedio del presents escrito me permito 

manifestarles Ia siguiente: 

1. Acompano una nueva version de la descripciOn y las reivindicaciones en la cual 

se han realizado las. siguientes modificaciones: 

� Se ha corregido el tØrmino ’taniOnico" y se ha cambiado por el tØrmino no 

iOnicou. 

� Se corrigió aceite de ’castror y en su lugar quedo aceite de castor. 

� Se incorporO la Reivindicación 6 a Ia Reivindicación I pars hacerla mÆs 

precisa y restringida. 

� Se eliminaron (as Reivindicaciones 12y 14. 

2. El Examinador ha hecho las sigwentes objeciones acerca del. parÆmetro de 

solubilldad Hildebrand (en adelante H.s.p) que la solicitante utiliza en la 

presents reivindicaciOn I, en cornbinaciOn con otros parØmetros, pare 

caracterizar el componerite de solvents 2) de (as microemulsiones 

concentradas de la presents invenciOn. El. Examinador ha seæalado que (a 

descripciOn no incluye riingün experimento que demuestre que precisamente 

solo los solvehtŁs que tienen parÆmetros de solubilidad Hildebrand entre 16 y 

21 Mpa son adecuados para resolver el .problema tØcnico de (a solicitud y 

adØmØs que (a descripción solo menciona algunos solventes. El Examinador ha 
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- 9 DBE ver arrlba1 

+ 

isooctanol ver arriba2 

10 comp solventØs biodiesel (mezcla de metil Østeres 14 

de .Æcidos grasos principairnente olØjcos y 

linolØicos) 

11 comp N-metll pirrolidona S. 23 

e.) Ahora bien, considerando la afirrnación del Examinador an at sentido de 

qua at parâmetro de solubilidad Hildebrand varla segün at  mØtodo de 

medición, ml representada observa  qua an la presente descripción, ver 

pØgina 6, bajo "Ejemplos", se ha hecho referencia at documento de Allan 

F. M. Barton "Solubility parameters" Chemical Reviews, Vol. 75 75 No 6, 

pÆginas 731-753. Se adjunta una copia de este documento. 

El documento Barton muestra qua la sohctante ha empleado un parÆmetro 

fisicoquimico conocido an la tØcnica. En la Tabla V, pØginas 744746, 

Barton reporta muchos solventes y los correspond lentes valores H.s.p.. En 

esta labia, H.s.p. so indica an la cuarta columna do derecha a izquierda 

con at simbolo & (8° Se reporta an Ia fOrmula 40) an la pÆgina 736, la 

fOrmula relacionada con la definiciOn del parØmetro de solubilidad 

Hildebrand). S 

Los valores H.s.p. para los muchos sotventes qua, corno se dijo, son 

reportados an dicha Tabla, los puede Usar la persona versada para reatizar 

la presente invención sin necesidad do determinar cada vez dicho 

parÆmetro. De la Tabla V, la persona versada puede identificar fØcilmente 

los soiventes quo puede usar para obtener las microemulsiones 

concentradas do la presente invenciOn. 







4 El Examtnador ha considerado quo Dl y 02 hacen obvta la presente invenctón 

con base on to sguiente 
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La solución. quo encontró Capuzzi Para evitar los inconvenientes de las 

composiciones do dichâ tØcnica anterior es un adyuvante do fungicidas 

sistØmcos en forma de una microemuIsón estable que coniprende (cot 1, 

Jinea 44 cot. 2, linea 3): 

(a) agua on una cantidad entre 10 y 30% por peso; 

(b) una mezcla do metil Østeres do Æcidos grasos quo se derivan de la 

transesterificación de aceltes vegetates en una cantidad entre 20 y 50% 

por peso; 

aqul observarnos quo el solvente (b) tamblØn conocido en la tØcnica con 

el tØrmino de "biodiesel", segin la defiriición  quo figura en el adjunto 

obtenido 

do la pÆgina web "Bpedia - Biodiesel WWW Encyclopedia" 

(Adjunto 2). El Examinador deberla observar quo la defiriición quo so 

reporta en et adjunto es la misma, 0 sustancialmente la misma, como la 

que so cia on la cot. 2, lineas 7-13 do Dl, 

(c) un agente activo de superficie aniônIco seteccionado del grupo 

compuesto por aiquit sulfosuccinatos, aIquit benceno sulfonatos o sus 

sales metØlicas on una cantidad do entre 0.5y 20% por peso; 

(d) at menos un agente activo de superficie no iOnico con un HLB do entre 

13 y 18 y con punto de noblina de >65°C, seleccionado de aiquil 

I poliglucosidos, alquil poliØter potigtucósidos y poliestirilfenol 

poliatcoxilatos; 

y 

(e) at menos un agente activo do superficie no iónico con un HLB do entre 

10 y 12 seleccionado do Østeres de sorbitÆn de Æcidos grasos y 

productos que se derivan do la condensación do un Oxido do aiquijeno 

con compuestos orgØnicos que tengan un hidrógeno activo tales como 

alcohotes grasos C10-C20, amidas, Østeres y aiquil fenoles C6-C12, o 

mezclas de Østos, con un HLPB promedio comprendido entre los 

anteniores limites reportados); y 

en dondo Ia relación do peso entre la mezcla do los motH Østeres (b) y 

los agentes aótivos do superficie (c), (d) y (e) es entre 0,8:1 y 1;2:1 
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En la cot 2. tineas 2425, se indica quo un componente do solvente 

conocido (b) es Diesel Bi o biodieset, tat como se dice arriba. 

La sociedad solicitante asegura que la referenda no divulga ni sugtere quo 

pesticidas con un punto do fusion do entre 10°C y 60°C (componente 1) do 

las microemulsiones de la presente invenciOn pueden formar 

microemulsiones concentradas estables con una relación por peso 

(componente do solvente 2))/a.i. entre 0,9:1 y 1,5:1. 

La soticitante ha demostrado en el Ejemplo 10 comparativo quo cuando so 

usa en las rnicroemulsiones do La reivindicación I un solvente del 

ingredienteactivo
 diferente del componente 2) quo so define en la 

reivindicación, no so obtiene una composiciOn estable. 

En el ejemplo 10 comparativo, el solvente del ai. era el componente do 

solvente (b) de ía niicroemutsión  de D1. El solvente ejemptificado en DI es 

biodieseL 

El Ejemplo 10 comparativo se hizo repitiendo el Ejemplo 8 de (a invenciOn, y 

por to tanto, con una relaciOn por peso (componente do solvente 2))/ai 

de0,98 (15 partes de DBEII 5,3 partes de Etofenprox, Ref. Tabla I do la 

descripción) y usando biodiset en tugar do DBE. 

Por to tanto, aunque la relación por peso do biodiesel(ai. estaba dentro del 

rango seæalado en (a reivindicaciOn I, segin se reporta aqul bajo el punto 

2, en los comentarios del Ejemplo 10 comparativo no so obtuvo una 

microemulsión concentrada y (a cornposición mostrO una rÆpida tendencia a 

separación do fase. 

Se observa que Dl no sugiere cOmo obtener una microemutsiOn 

concentrada dentro do (a re(ación por peso (solvente del a.L)/ai. 0,8:1 a 

1,1:1. De hecho, Dl divulga relaciones por peso mØs attas quo las de (a 

presente invenciOn. 
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EORMULACIONES PESTICIDAS 

La presente irivenciôn se reflere a formulaciones pesticidas con impacto 

ambiental reducido, baja toxicidad y usa do Las mismas. 

Es bien sabido que los pesticides se venden on forma de soluciones 

concentradas emulsificables en agua que comprenden el ingrediente activo, 

� surfactantes y solventes aromÆticos originados en aceite con preferencia particular 

par el solvente nafta. Es bien sabidoquo la presericia do solventes aromÆticos 

implica riesgos toxicolOgicos que obligan at productor, por toy, a clasificar la 

formulaciOn coma nociva para el usuario (Simbolo X y la frase do riesgo R65: 

� "Daæino: si so traga, puede causar dana a los pulmones) y para of media 

ambiente. Por to tanto, atn ingredientes activos no tOxicos son penalizados 

S cuando so usan en dichas soluciones concentradas. La ctaificaciôn  Xn do una 

forniulación, quo requiere para su usa una autorizaciOn especifica, es una fuerte 

limitaciôn  en el desarrollo de un producto. 

Par lo tanto, so prefleren formulaciones estables concentradas de 

agroquimicos, preferidas desde el punto de vista toxicolOgico y ambierital. Par to 

� tanto, estas formulaciones alternativas son objeto de importancia primaria tanto 

desde el punto de vista tØcnico coma comercial. 

� So conocen formulaciones estables concentradas do ingredientes activos 

sin solventes. Cuando el ingrediente activo tiene un punto do fusion superior a 

60°C, so conocen formulaciones on forma do suspensiones acuosas. Cuando el 

S 
ingrediente activo tiene un punto de fusiOn inferior a 10°C, se conocen 

formulaciones baja ía forma do micro a macro emulsiones acuosas. 

Cuando el ingrediente activo tiene un punto de fusion entre 10°C y 60°C,  la 

obtenciOn do formulaciones estables en suspension acuosa concentrada Os muy 

dificil De hecho, se requiere La micronhzación del ingrediente activo causando su 

recalentamiento, origiriando transiciOn do fases y fenOmenos do recristalizaciOn 

� quo pueden comprorneter la estabilidad do La suspension a largo plaza. 

La obtenciOn de las formulaciones baja La forma de emulsiones acuosas 

estables a microemutsiones de agroquimicos que tengan un punto do fusion entre 

10°C y 60°C es especialmente dificil debido a que los riesgos de cristalizaciOn 

� segQn las formulaciones inestables son muy frecuentes. 

Las emulsiones agroqulmicas con puntos de fusiOn entre 10°C y 60°C quo 

� preparó el soliitante resultaron inestables aUn para variaciones do temperature 
� �. 

pequeæas. Do hecho, se han observado fenOmenos do recristalizaciOn. 

1 
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El insecticida preferido es Etofenprox [2-(4-etoxifenll)-2-metilpropil 3-

fenoxibencil Øter C. N. 80844-07-11. 

Como solventes del componente 2) se pueden mencionar: 

- acetates como por ejeniplo dibutoxi metano (butilal); 

- aiquil Østeres de Æcidos carboxIlicos el aquilo teniendo C4-C10; 

- aiquil Østeres de Æcidos bicarboxilicos, como por ejemplo dimetif 

glutarato, dimetil succinato, dimetil adipato, o mezclas de to mismo; 

- alcoholes, como por ejemplo isooctanol. 

Prefenblemente, el solvente es seleccionado de heptil acetate, dibutoxi 

rnetano 
y 

la mezcla de dimetil Østeres de Æcido glutÆmico, succinico y adipico. 

Con polioles, componente 3), compuestos que tengan at merios 2 grupos 

S hidroxilo. Como polioles, se puede usar etilen glicol, propiten glicol, glicerina, 

preferiblemente propUen glicol. 

Come surfactantes no iônicos componente 4), se prefiere los que tengan 

un punto do empanamiento de mÆs do 50dC. Se pueden rnencionar alcoholes 

grasos polietoxilados, aceite de castor polietoxilado, distitifenoles polietoxilados, 

tdstirilfenotes polietoxilados, Østeres de sorbitart polietoxilado, aiqull poliglicósidos,  

alcoholes alifâticos polietoxilados-polipropoxilados. Se prefiere aceite de ricino 

polietoxilado quo tenga un riCmero de etoxilación entre 15 
y 

40, preferiblemente, 

25-35; distirilfenoles polietoxilados que tengan un n(Imero do etoxilación  entre 12 

y 

25, preferiblernente entre 15 
y 

20; tristirilfenoles polietoxilados quo tengan un 

S 
nUmero de etoxilaciOn entre 15 

y 40; preferiblemente entre 16 
y 

25. 

Generalmente, dichos productos son en forma de mezclas con un grado de 

etoxilaciôn o propoxilación diferente. 

Como surfactantes no iOnicos, componente 5), aIquil benceno sulfonatos, 

aiquil sulfatos, tristiril fenoles polietoxiilados fosforilados, tristiril fenoles 

polietoxilados sulfatados, preferiblemente sulfonato do dodecil benceno caiclo. 

Las microemutsiones de la presente invençión  pueden conterier 

opcionalrnente aditivos, come por ejemplo agentes antioxidantes estabilizadores 

de UV, correctores de pH, agentes anti-moho y agentes antiespuma. La cantidad total de dichos aditivOs es generalmente menos de 2% por peso. En la tØcnica se conoce esta cEase do aditivos. El proceso de preparackn do [as microemulsiones de la invención comprende: 4 
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disoluciOn del producto del components 1), opciona!mente calentadQ a 





EJEMPLOS 10-11 (Cornparativos) 

Se repitiO el Ejemplo 8-, salvo que en lugar del solvente DBE, se usaron 

respectivamente, solventes biodiesel (mezcla de Østeres principalmente de Æcidos 

grasos olØlcos 
y 

nolØicos) con parÆmetro Hildebrand igual a 14, 
y 

N-rnetil 

pirrolidona con el parÆmetro de solubUidad Hildebrand igual a 23. 

No se obtuvo ninguna microemulsiOn y se observó la formaciOn de mezclas 

con rpida tendencia a separaciôn de fase 

PRUBASDE APLICACJÔN 

Pruebasdtcarnpo 
- 

EJEMPLOJ2 

El 
Ejemplo se reftere a una prueba do carnpo realizada usando la formulación del 

Ejemplo I diluida en agua a 0,093% pot peso para evaluar la eficada agronómica 

de La forrnulaoiOn en saltahojas verde (Emposca decipiens) on la vid, en 

cornparación con vid sin tratar. 

La prueba de campo se hizo en Orrnelle (TV) Italla en viæedos, variedad 

Pinot GrigIo, de 7 aæos de edad, infestados con saltahojas verde, agrupada en 8 

parcelas de 15 m2 cada una, colocados aieatoriamente en Los viæedos, evitarido 
- - 

zonas que tuvieran bordes o caracteristicas irrepetibles. 

El tratamiento se hizo en cuatro parcelas con una dosis de 140 g/ha de 

ingrediente activo Etofenprox correspondiente a la tasa de aplicación de etiqueta 

� de form ulaciones comerciales de Etofenprox. 

Se evaluO la eficacia agronómica contando of nimero de insectos vivos en 

50 hojas, luego de 15 dIas de tratamiento y comparÆndolo con el ntniero de 

insectos en parcelas no tratadas. 

La eficacia se expresa como porceritaje de reducciôn del nUmero de 

insectos con respecto at ntmero do insectos do las parcelas no tratadas. 



El producto objeto de Ia presente invenciOn resulta no. fitotóxico y 

perfectàmente elective. 

EJEtPLO: 13 . 

El. siguiente Ejemplo se refiere a una prueba de campo realizadausando Ia 

formulaciôn del Ejemplo I diluida en agua a 01112% par peso para eva(uar fa 

àctMdad  Inicial de Ia formulación contra aphis gossipi en melon, en cornparaciôn 

con melcnes tratados con la. formulación comercial Trebonfi que contenla el 

rnismo insecticida Etofenpróx y solventes, .siendo igual Ia tasa de ap(icación del 

inseótjcida.. . . . 

La prueba de campo se hizo en ErbeVR) Italia en plantas de melOn bagglo 

infestadas con aphis gossipi, arupadas en 12 paroelas cada una de 15 m2, 

colocada aleatoriarnente en el campo, evitando zonas de borde o con 

icaracterIsticas irrepetibles.. 

� . . . . Setrataron cuatro parcelas con Ia formulación diluida del Ejemplo 1 y otras 

cuatro parcelas se trataron con Ia formulaciOn comercial Trebonfi usando .una 
� . dosis de 168 glha del ingrediente activo Etofenprox. . . 

En Ia siguiente Tabla se muestra el nümero de insectos vivos por hojas de 

plantas de (as parcelas tratadas con Ia forrnutaciOn de ía invencióri. con respecto a 

las plantas tratadas con Trebon o no tratadas y Ia respectiva eficacia agronómica 

expresada corno porcentaje de reducc4n del nümero de insectos con respecto al 

� . ntmero de insectos de las parcelas de control no tratadas. 

No. de % eficacia No. de 
% 

eftoacia No. de % eficacia 
insectos luego de 4 insectos luego de 9 insectos luego de 
luego de4 diasde luego de9 diasde luego do . 16diasde 
d(as de tratamiento . dfas de tratamiento 16 dies de tratamiento 
tratamiento  tratam lento  tratamiento 

Composición 1 3,77 31 1,53 80 42, 10. 28 

Trebon 4,52 17 1,98 . 74 31,35 .46 

Control sin tratar 5,42 - 7,58 - - 58r26 
. - 
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/3 and s’ have be 13, 18 (165); C)wrn. 4., 89,88234 H958). ’ . Takad applied to various lictulds: polym 59ers and molten sa . . 73 $4 971) R. 8. Sy w..Aus-tin FuMrL, 4urtin, Fh*tth. . . . . ’3 . . . �j43 tr  ffy flf1, 9177 U87It;CThJnACW..Th.1971),1E.$. wUas 133494 ocganittquIds34’ and tiqukl mixtures.37 There lad 7aoncP J 409736b t

 JIkIza( K’o termined a set of those p-T values required to maintain a qnsflfl .0, liquid at a particular volume (Le. a fixed d4osit The thermal pressure coefficient is doterminod from an Is that there is a correlation between 

ft cohesive enerth1.dofl choric pT plot, and the internal pressure evaluated Imm shy potentia1 energy per unk volume) and mutual 40114b".S It follows that 11/3 and r are funcilüns of volume only, t The original deflnttIon of the solubility parameter was, In p..r Isochores are linear. For simple liquids at least, lift te ns of the molecular cohesive energy (-E) par unit volurM esting comparisons with theory can be made for example e(-E/b) (1) . the Internal pressure is Identified with the attraction tom the van der Wasls equation it follows that 1//3 should boa S but more recently multicomponant Or so-called "multw ear function of the volume and this Is observed In several menelonal" solubility parameters have been evaluated by A oids5 . . . variety of emponal methods Although it may be more car- The Internal pressure approach was described and appS rent to define a solubIllty parameter In terms of Internet pres. to liquids and liquid mixtures. 

I by - Hildebrand and sure seotion It G) the above definition will be retained In this leagues2 me internal pressure Is the cohesive fan review, In the OSGe of polymers a solubility parameter range which Is the resultant of forces of attraction and forces of r is frequently more appropriate than. a single value ’ pulsion between molecules 

In a liquid, and considerable Ink "molar coheelve energy" 
Is 

frequently denoted E, but is hero matfon can be gained b simply observing and itpadng: I defined as ’-E to conform with the usual sign convention tcrnat pressure-volume curves for pure kluk:100 In additli Solublihty paraneters and related propOrtlea such as Inter-to numerous studies of the relatIonshIp between internal pre. W nal pressure sod cohesive energy density have proved useful sure and cohesive energy density (section ILC) the effects in a groat variety of applications (section X). and there have solventS on conformational equilibria have been expressed been many suggestions concerning both the methods terms of internal pressure.40 termination of solubility parameters and correlation with hef3 . . - reticat and thermodymamlc parameters- In order to clay the B. Cohesive Energy. Density status of various parameters It: 

is necessary to  dlthngmsh . . . . clearly between (I) quantities which may be evaluated on a In condensed phases (solids, liquids, solutions) strong r thermodynamic basis from measured properties such as tractive forces exist betw en molecules, AN as a result ow. pressure-volume-temperature (p-V-7) behavior and vapor- molecule has a considerable (negative) potential enei’gy ization energy A49 ad (11) parameters determined empirical- contrast with vapor phase mofsoulot which have negflgll ly by obsmt4cn at the lMeratticn, between a liquid and a . potential energy). This potential energy is called the molar c 9frJ or another liquid, hesive energy, -t. . . In some cases It Is reasonable to expect some kind of ocr- . . It Is customary to distinguish three modes of Interaction b relation betwn the thermodynamic quantities and empirical tween molecules which collectively produce the coheelvo parameters, but such correlations should not be pursued too orgy charactsfltStio of the liquid state: (I) dispersion or Londi tar forces arising from the fluctuating atomic dipole which resu Publications on sofubility parameters tall fairly clearly, into from ,a positive nucleus OW cioud (this type of I two categories: (I) practical chemistry such as the coatings teraction occurs in all 

molecules); (U) polar Interactions, wtt 



Induosd dipole lye) lfltsraOUofls re$ulWig from noflunnorm charge 

distribution; (Ifi)specsftc tham1oa1" Interactions, nota 
cfetrneo1hermoayrarmcally eq zi sac it may ,m measured 
reofly and preolsely For reasons such as these Bagley am 

pi hdrogen bond1ng
 

colleagues (section IV.J) have chosen to define Vie WORK,. 
The molar whasive energy is the energy associated with parameter for nonpolar liquids as  

. iteuns i moi matetlal, i.e., . . .. . � 

Is the energy of a liquid relatIve to Its We41vepo at %hfl 
same 

temperature (assuming 

that the Wromoleaular proper- (correction term for tiierna1 degrees of freedom) (ii 
lies are ldonUoat In gas and liquid states, Which maynot he For interacting systems, on the other hari, two paran*teri 
true In the case of complex organlo motenuIes) it can there - are defined, one evaluated from the internal pressure and in: tore be seen. that E consists of two parts: the energy AQLI n eluding the volume-dependent liquid State energy terms, 

� .: 

required 
to 

vaporize the buid to Its saturated vapor, clue the . 
energy required Isothermally to expand the salurated vapor to 

ir. 

Infinite VO1Une. 
: 

and the other a residual solubility parameter, 
� . ..

 

v .. 
IF  #U+"V 

J/at’)dtt(4) 
fV. 

 . . . At temperatures below the nornial boiling point the second This approach may Well rovlde-a satisfactory combination c part may be nectati . practicality and theoretical rigor.. . . fl. Conventions Reng to SyrnboI and Units and asum1ng Ideal gas behavior, . . The symbols if, G, sic,, are used here to denote molar vol � . . time, molar Gibbs energy, 

etc. La., 
the volume or Gibbs seer dWWod by amount of substance. (number of motes) n Par (A ocirreclion may be Included for impertection of the vapor If list móiir quantities are denoted by 4, where Xis the exien desired.) At higher temperatures the second term In eq 4 In- sivo quantity and Ole the chemical symbol for Ihó substance: creases In relative Imponance, and at his critical teperature . . . . ... . . ’,,. ., . .. ’ 13 the first term Is zero, . . .. . . . ThB cohesive energy density Is defined as . For a pure substance the partial molar property. 4 and tht � . . . .. mciarpropertyaredanfloalthsdenotedbyX,1hesu . peracrtpt (’)ksdinathig "pure". . where V is molar VOIWItti, and is thusapproximately equal to The composition of

 a eolutlłn Is usually described In term thquare of the solvbfttty patameter. . at the mole (nlctkin . . . . . . . � . .. . =ots.t1W1V �rn� . xana/ne (18 � C. Relationship between Cohesive Energy or volume fraction . . Density anti internal Pressure . . This subject has been discussed In detail on several on.- . ,. � . .naVe/ Zn0v5’ � � (16 slons (ref 3, 4, 15, 20, 36, 36 41, 42) and is only briefly treat ad here It the Internal pressure Is represented as the algo- Except for Ideal solutions" (see below) the volume of a solu braic sum of "attractive" or positive and repulsive" or nega- Son Is not equal to the sum of the volumes at (Is components tive terms (corresponding to negative and positive internal en- but Is the fractional sum of Its partial molar votumes orgy terms, respectively), It may be seen from a plot of Inter- � . � -� � � :031 pressure against volume for a typical liquid that at higher � . t4aoln) E x5 V5 (17 � volumes (tow pressures, high -ternper1ures) the internal pres-sure rosy be approximately represented by the. 

attractive The. Increase 

In 
any thermodynamic function X which accom term (subscript A) only. If It Is assumed, as In the van tier parties the mixing of amounts n, and ns of two pure sub � Waste equation (in which the repulsive energy Is either 0 or � stances A and B Is denoted 4X. � - � � � � � � � � X(ti#fl5) )40A,1le) � X(flA,0) X(0,1W � � : U iJ. AV � . (8) -. . - � (where A 

is a proportionality constant). then � � � � E. The heal Solution.r irA = �v- (9) � The concept : the kiest-solulian Is useful In describing tia � . � � � - idealized -f tog behavior at solution in the same way that thl The attractive part of the-internal energy is equal to the Va.Ideal -gas laws describe the tintiting behavIor, of gases. Ai poritatlon energy at low gas pressure, � -shown In most general physicsl chemistry taxis -and by Hilde - = 0AI = AIPUIV � brand at A.$ for example, the thermodynamic definition of at � � � � Ideal solution (a solution In Which the activity equals the molt 

In general, however, c and ir are not equal C Is a measure of fraction over the entire composition range and over a non the total molecular cohesion per unit vIuma (an Integral zero range of temperature and pressure) leads to the tot quantity) while ir is the Instantaneous Isothermal volume tie- lowing properties - -: � rivafive. of the Internal energy,. Thus, although the internal � � The V&fWM of an Ideal solution 

is 
equal to the sum of thi � � pressure provides one way of estimaling the sOlUbitIIY ParaIrt- volumes of the unmixed components, the temperature an � star for simple liquids, this method Is unsatisfactory for more - sstne remaining constant: � complex molecules, and also for highłr densities. - �, , �� - - - On the other hand, the internal pressure Is a-more satistac- (E -fl) Viso’")L no (It - - ’0 tory auantltv, than-the olub11itv -narameter to describe the / - - e - 
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Figure 1. ChangeS In the tharnadyna1n tunaHons Al-& and I 

� r4 iłr the forrnaloi of ma! f n tel solutIon at C (aftsr - - 
� - 

9’1JS10aI emjstry’ by G, M. 9rrow aupyrkihi 107I by S N .04 11F 

Mctraw4* tn. U with p&mon of McOw-fllł ool Co.). 

FIsure 2. Changes kb the th oynen funuUans 4l 
S for the formatIon of 1 mat of Galbon t*hfrnjsja-methe 

� &olutlon at 25°Q (after MPhySkBI CtsrnlsWby KOarrow 
V(aoln) (19) opyrlght9i3byMcGraw-4tII ho. Used with permission 

� The absence of VOkUTIO change 011 miXing (4V 0) could 
� be verifledperirnentally by ion!etPJ. O6fld 4,$ and 40 are given by eq 23 arid 25 er 

The epftvpy of an kiosi solution Is suththat there Is, 1. For OOflLdOVkiOfl from hl. 

change In the enthalpy of the system behavior shown In Figure 1 may. be considerable, as llh 

. are mixeti at a fixed total pressure: trateri UI Figure 2 for carbon tatraohlorldb-metharml at 
tures.43 � � � � (20) . �� � . 

(ns) LH(łaln) � �� 
F. Nonideal Solutions 

a B � �. in general the Gibbs energy of a component In a słutlon 
� �� not equal 

to Its ldal valuS and the excess" Gibbs enetgy I 

� �� mixing 1s denoted anddefined � - � �� -(eoln x4H°B) (22) � � a � � m PTE (.k) � �01 ’. where 41’ denotes the standard onthalpy of formation. Ex- e perirnantally thore would be observed no temperature change Y be considered. either from the point of view of It In a thermally isolated system during dissoluftm.. � $ysMtfl as the excess of the Gibbs energy of the00"Weal $I The entropy change during the formation of an Most, gas lutlon over that of the Ideal soIuUon or, from the point of vló � mlxwre is � of the prs as the excess of the flonideat abbe energy - � mixing over the Ideal Gibbs energy of mixing.51 An alternative doci1pt16n of nonkieaty ciay h13 made. terms of activity and activity ooethclent. Except for the and this is taken as the Ideal entropy of solution for either lat case of an Ideal eohdlOfl.tho SCtivlty:ot & component gasaqua or liquid soutions. The individual ccii*Ibutlon not 040 110 Its ooncsntration and Itbecomes convenient � atad with one component 

B is defl4O�ihe.$tIVlty coefficient With symbol ’a for a cornpone B of rode - ei5O II) S5 Fl In ’ (24) convenience 0110 of the atibatancss, CSHOd the safnf, � The (7)b9 ener...Of 

fl 14821 sOlUtiOn Can:bS obtained by treated dlfferenttyfro!n the salutes) the activity coefflolent nbining the erlthalpy and .Ontropy of mnting In a constant solute Is described by ’re on the moll scate and }a on f 44 lemperature-constent pressure cortoenirstion ("molar") $cale. In terms of aclivity coeffIcients of the component 3of 

’V. 





J tt.J HJ’!% �.4JLfl.4ł Hr flfl9s’fl4 %.t.I .Ha*#$.JLflscJIIt Øflke*$fl$ 
r 

ratneter treatments to aseumo that $ is Ideal; he, It Is as-
that the solution is regular. In terms of excess quai1 

titles, the HildObnd-Scstthard equation provides Uv and 
from 

ZmAv= UV-744v 138) 

A E may be evaluated (assuming 
s a), 

wten account Is 
taken 01 the volume change on mixing, fV and 4, are ob 

This proedue provtdes values, for 0.9 which ire In 
reasonable agreement with experiment (primarily direct ca-
lovimeitk, meesurement of the mixing process), but this ap-
pears to be due to a cancellation of errors In £Jy5 and B 
which arise from the Hidebra eatchard assumptions. The 
existence of changes in nncentrat degrees of freedorfl (vf 
bratian and rotation) In the mixing process can be Shawn to 
have a oonsiderable (but 1mllar) effect on T$ end UA 

� The second energy term In eq 32 and 3$ Is the pro&ot of 
entropy and temperature: entropy may be considered as de-

� scrIbing the type of motion, sos certain amount (deacrftel by 
the temperature) of molecular motion canl5d Out In a certain 

� way (described by the entropy) represents a crtaln anerqy.4 

E. The Flory-Huggins Equation 

� Plo y5’- and Huggins were the ,fWt.to catOulate the en-
tropy of mixing of tong-chain molecules with the assumption 
That segments occupied sites of a "lattice" and solvent mole 
cules occupied single sites. They proposed the poiymer-soi 

�vent  Interaction parameter 
x 

a dlmenslonlesi quantity char-
� actedzing the difference in interaction energy of a solvent 

� molecule immnrsad 10 pure polymer compared with one In 
pure 

solvent Thus a good solvent has 
a tow x value. 

The .ex. 
� : t8$5Ofl for the Gibbs energy of mixing is �Am 6IR TxAfrtA+xotn4+ 4- Vx81 V) (39) � where x denotes mole fraction, 0 denotes volume fraction, the subscript 6 denotes the polymer component, and x is the Flory’ interaction parameter for that partioular solute-solvent pair. The first two terms result from the configurational entro-py of mixing and are always negative., For AmG to be nega-

� live (i.e.. for the polymer to be słtubte) Xmustbe either neg-
� , alive, or positive and small. The otitloat value when Val VA Is large Is X £ 0.5 for solubility throughout the entire range of. composition. The FIery interaction pafliGt8r contains both entropy and enthalpy contributions, and so can be expressed 

as 

X� XS+Xft  W and Is frequently calculated from the Hebrand-&at. chard regular solution theory (eq lI EmpirfcaUy, XS Is usuat ty Wwoon U and 0,8, 50 XH must be entait, and. cones. qusotly ZA and 4. must be very similar tot polymer solublilty acoonting to this cite ion It appears that The 

Rory-
Huggins theory is of some value In considering the thermady. nantics of dilute solutions, but according to one school of � thought It is of limited help in solvent formulation problems.? � Its shortcomings as a practical solubibty criterion include the following:. (I) it is concentration-dependent. (Ii) it is not easily eraluated łxprimnent1Iy. (III It Is a composite term in-fluenced by hydrogen bonding, Vv) it has no sound thoreticaf � ’ basIs, (v it IS Inconvenient fłr multicOmponent systems be-.. Cause interactions between each pair at components must be known. Nevertheless the polymer-sotve8t IriteradilOn Pa-remoter is still used extensively, and comprehensive complia-� tions of values have been Published, for example, ref 5. ’I approach to the lIquid state Is provided bye atistkmi therntc dynamics: It Is possible in principle to calculate Ihemiodyna, ic properties from. partition functions tot .e syrstem of know molecular props Although lnformitldn

 from tht t I approach Is largely flntitàd to "sinpl&’ system In whIch die persion forces predominate, ’It does draw atterift 10 thi problem of the entropy of fl’dxlng which was infroduOGd 5b0v4 (sectkrn 5tD) and does expiate aspects of the effect at mao lecular parametots On the excess thennodynarnic functions These theoretical approaches are not discussed here. G. Other Solution Theories ’ ’ The regular solution approach attempts. to explalnsolutior nonideatity in terms of phys& intermolecular forces, Th� sate. Is true of the fatticettiorles, which consider a Eguki it be quasI-cryateWne and the corresponding aiSles theorint which consider that the residual properties should cainckM when plotted with reduced coordinates. The other theories are of the chemical type, with the aa s’umption that mofenuies In a liqukI sOlutifl Interact to toni new chemical species with iesukklg nonkteailty. They lncludr the cOncepts of assocIation, salvation, Lewis actd-baÆe prop’ orties, hydrogen bonding, and electron donor-aceptorcOm plexSL These theories have been reviewed widely and wit not be discussed hate. Thomsen 40 has compared the corresponding states ap proach 

of Prigogine and the solubility parameter theory of 145-debrand. RurrelP5 has summarized recent theoretical trends In polymer salvation, including molecular clustering theories based an 

aggregation or entanglement of even In "good" solvents. � , � � : IV The ScM lilly Parameter Philosophy A4 The Hlklebrand, Regtdar, or One-component Solubility Parameter The cue-component solubility parameter defined by eq 1 has proved useful for regular solutions, La., solutions without molecular polarity or specifIc interactions, and good esti-mates 01 excess tIbbs energy (and consequently activity coafltclents, etc.) hove been obtained because eta fortuitou cancellation of errors. It Is still used for various purposes in nonreguier solutions, but to lOre. extent bs been supersad-edhy mullicomp onset solubilhty parameters (see below). It has been usual to evaluate thł total solubility pararne* 4 (EA (40) / I whore the $, are the empirical estimates of the various C0flt114 btiticns from dispersion forces, polar forces., and hydrogen bOnding, and to call this simply the sokrblflly parameter. Al. though may be compared with A = (A?U/ the two quantities 

in 
general should not be expected to be equal, and It is therefore preferable to reserve the use of the symbol ö for the thermodynamically determined (1xłU/V)t!* and not to confuse itWith the empirically detem’itnad 8 values BUnhs ’ ’ It Is usual practice 

of present to express the Internal 
pres-sure In pressure untIe (preferably the pescal, I Pa i NM-) and to express cohesive enargydenalty lnnarydenslty units(Tabt il), but as lhoe are dimensionally Identical It would be more convenient to use a common unit. The moga-pesca Mi’s, is a $uftsble choice. Perhaps because solubility parameters are more widely. 



�Cal  01.3 I cur3. MP 

’Prukf1 4,1840 
I J cm 0.23902 1 
MPa 

1, AIM 0.024217 0.101325 
I bar 0.023901 0.10000 
1 kg cm’ (1023439. 0.096066 

TABLE III, So)u bitity Parameter �U 
ntis and. � 

Co.nv#t-sioo Factors 

cni/cnrit J2rnMf1%’1 aunV 

1 cnlh/2 csrrY I 2.0455 6.4260 
I j V2cm1 I 0.488883.1415 

I ntm/ 011562 0,311332 1 

used by applied thsm$sts than by pwe chernists the Si con-
vention of units has not been adopted, and even recently the 
suggestion s been MWOP2 and supportedU$ to adopt as 

� title for the non-Si unit cal112 crn the ""brand". Fol-
kpwing on from The argumentbtvt, the most apptoprlete 

� and cOiflleflt multiple waft Is the MPa(r (see Table Pfl � 
which Is numericafty equal to the J112 cm-at2. 

C. Polar Effects. 

The canodilalloti of error  (section ILD)whIch permits the 

.Hlldebrand-8catcharCl theory and regular aciubliuly parama-
tars to be used for nonpolar solutions wouM not be expected 
to occur in the presence of polar let actions. In particular the 

� 
cohesive energy of a polar tlqufti Is due to polar forces as well 
as dispersion forces and the geometric mean assumption 

� (SectlłflIL(3) Is unlikely to apply to the pofllon of the cohesive 
energy denalty resulllnQ from polar forces. 

� � it has long boon apparent that to be generafly useful a sofu-
blitty parameter theory must dent wIth polar v.onlrihutlo0s by 

� providing .hlf0Tmatlofl about the tia(ure of the Toteranliotis be-
tween Molecules as well as the total strength of the lnterao 

lions. One w*iModrls is to define a frailorraI po1rlly as the fraction p of total Interaolto.ns due to dipole-dipole effects, the remainder being due to dispersion (d) and Induction (00-P+ io)ef-p+fn+d1 � � (41) More generally, two-component solubility parameters have been develo c1’ with polar (r) and nonpolar (X) ootpo-neils: -E/i" -I V - E( + r (42) The expressIon (CM + C - 2CA)I11 the general form of tle Hlld.braed-Scatchard relation (eq 37) Is not simply (AA- t)13)2 because the geometric mean assumption epplles only to ). Keller at ai.65 have emphasized that polar lntłractions are � of two types. Polar. molecules, those molecules possessing permanent dipole moments, interact In solution by dipole o4 antaiioit (sometimes referred to as ICeesom Interact1ofl) In a ’symtnetrIcai" manner; i.e., each of a pair of molecules lit-*ots by virtue of the some property; it follows that "’000-metrichegaometric mann rule is obeyed for 

orhotation Interactions and the contribution of dipole orientation, to cohesive energy. as for dispersion Interactions, On the other hand, dipole I4ductIofl Interactions are "unsymmetrical", Involvinp the dipole mc-� . meni of one mieculł with the polarlzabfllty of the other, Thus Ins pure polar liquid without hydrogen bonding. � S � � 402 640 + awe 4 26A� (43.) � aim t’ar � � 41.293 41.840 � � 42.605 � 0.8692 � 10.000 � � 0.1972 � 1 1.01325 � 1.03323. 098692 � � 1 � � 1.01972 0.1084 0.98061 � 1 where subscripts ci, or, and in refer todisperston, orientation, and induction. Nevertheless An must be related to, and a S446 parameter, 8m Is frequently used for all polar interac-tions. � D. Extension. tà Ionic Systems � In chemical systems which cont3lo ions., polar efteots usu-ally outweigh all Other effects, Mhougb dipole moments and relative pemilttMtles cease to 1 be appropriate measures of polarity for solublitly parameter estimation, the cohesive suer-qy density or sotublitty parameter, may, remain a useful crlt9d. on. l4anisen5 has characterized Inorganic salts by his: three -component solublIiiy parameter tystem. G on55 has (tie-cussed measures of polarity in connection with molten salts as 

solvents, pointing to E, IV (E being the activation energy for viscous flow) and the Kosawer Zvaiue as suitable po-larity scales for the range of solvents from monatomic liquids to molten metals. In particular, molten organic salts seem to span a range of solvent properties from those cc parable to the highly cohesive molten M 

410 salts to those of the y:fy low cohesive energy density hydrocarbons. At this lower and of the scale No the quaternary ammonium salts R4Nt’X" which epparerniy owe their small cohesive energy densities to their large Ionic volumes. LI Is of interest that even In. some of these Ionic systems (e.g., the lht)cyanales and $44+p cratrr> hydrogen-bonding energy still Influences the cohesive energy. � � � � � In ltqukla of relative permittivity below about 30, theha is rev-lden&’°,T1. "t univalent Ions are largely urtdlasoclated and It might therefore tee expected that soktbliuty parameter con-cepts could be extended directly to such cases. The oiublftty of sodium salicylate in a series of pure alcohols shows a maximum at 1-pentanol (relative permittivity 13$).slrnitar to the corresponding figure for salicylic acid (Itt), Tnclicatmg that sodium sahOylate is behaving essentially as a nonelOofro-lyte.11 The solubititles of amine

 salts to low polarity soLvenisU and lon-assoototton extraction sys1wns have also been con-sidered from the solubitity parameter point of view. � E. Specific Interactions (Hydrogen Bonding) SUrre11,158 who was one of the first to deal with the hydro-gen-banding. problem In sotublihty parameters, divided sCIVOM9 Into three classes according to their hydrogen bonding capac-hy poor, including ’hydrocarbons, chlorinated hydrocarbons, end nllrohydrocarbi*s; moderate, Including ketones asters and atheret strong, such as alcohols. This c1slflcatIon meth-od Is slUt widely used In practical applications and is Included In Tle V (section V3I.B). � ,U . gbormae4 developed the idea, assigned arbitrary quantl-tative values to those groups, and plotted two-dImensional graphs of solubility parameters against hydrOgen-bondIng ca-pacitins. This technique proved uaeful and was made more reliable by the ietroductlon° of a direct hydrogen-bonding pa-rameter using a spectroscoplo criterion based on the work of Cordy and Stanford?5 The extent of the shift to tower frequencies ci .the 00 infrared absorption of deuterated methanol provided a measure of the hydrogen-bonding ac-ceptor power of the liquid under study. The spectrum otti so-



workers including Prausflflz and coworkerOIAI and Holpinsti 
4. and Van Wlnk1e �. . . 

The nonpolar. component of the vaporization energy 
polar liquid Is taken as the expanmentafly determ?nnd total vs. 

4. porlzetion *nergy of the . homomorph. at the. same reduce 
temperature (the 3OtUtd terntatWe diVided by ft. oritics 

� 
�. temperature, both on the absolute temperature scale). -Thi--

:- molar volumes should also be equal for this oomparlson If I 
3Q 4o soi 7c so 90 100  120, f3#�140.,. Is avaabIe Information on the molar .voIntes at a range a 

the hydrocarbon homomorphe enables the rnoter yla 
VIM) the polar liquid to be used as aA Indepe.. set variable so Um 

ff1ie 3 Vapa’izaVnnero> AU for straght.thefr hydrocarbons dispersIon energy density, at any desired molar volume ant 
(after Blanks and pra nitzand uei vith pqrmlsWn of taed temperature can be datennfrted (see Figure 3) Pit 
cat bemca1 Society)- .� . ferent plots are used for atffightchaln, cyclic, and arometk 

hydrocarbons. if the vaporization energies for the appropriatt 
hydrocarbons 

are not 

avaliable, -fby may be evaluated b) lutlon of cieuteratsd methanol In the test solution was corn- � 
pared with that of a solution to benzene, and the hydrogen- 

one
Hanson and Bearbower have pointed out Inaccuracies fr 

bonding parameter was defined . the txmorncrpii charts of ref 64 and 85, and have recom 
(44) mended the use of the chart of Slarft and Prsusn404 whiol-

- has bean the basis for several successful correlatbns Keliei 
when the 00 ab5orption shift Ai, was expressed In wavwwm- at al. have recommended an alternative, more fundamenia. 
ber-s . approach to predicting dispersion contributions, based an a 

Qrowlły et Ass applied this technique, and more P1DOI5 
relationship between &., and the Lorentz-Lorectz function, (sit 

rneasurcrrionts were made by Nelson at aL15 who also d1s. - � 2 n tIohig the reftsetive Index (section V.0). cussed the choice of reference solvent, benzene Is, in fact, a. � � � weak hydrogen bond acceptor, and there is even -a small - - SolUblilty Parameters of Functional Groups: amount of hydrogen bonding between methanol and Cnd)o1i � Molar. jfrj Coæstants tetrachioride, Methanol in cyclohexane appears to be the . ".. best reference &ystem - -s-. - Soatchard15- and Sma(IO pointed out the ariditivity of � All these approaches to the hydrogen.l*n’ding parameter (_1,)ht2 which -follows from the gnmetrlc mean assump. problems taIled to include the tact that hydrogen

 bonding Is lion, showed that In several homologous series (-EV)115 was an unsymmetrical tnteratioo., Involving a donor end an w- Jinor with the number of carbon atoms, and proposed molar - - captor with different roles rather than two equivalent mutually attraction constants P whIch were additive constants for the -- - -hydrogenbortdlng spades. The energy of a hydrogen-bonding common organic fwcwnai 9WUPS. Cohesive enarges and - Interaction is the product of a function of the hydrogen bond solubility parameters could then be estimated-for any mole. - aoàepting capability (CZ) and the hydrogen bond donating pabflfy(ff4This Maybe written - - -. - - - - (4 - - - IOAOS(aA-. Ps) - - (46) . - - - V - V - V - - - - - - - . - - - - - The method cannot be used directly for compounds in whlcf and It is apparent that the maum interaction occurs when hydrogen bonding Is signifIcant (hydroxyl compounds, aromas, (1 

aromas,(  
& 0 or =) 8 3c)th Kellor at at and Nelson andes, otithocydlio Scida). at aI utilized this approach to hydrogen bond solubility pa- Korsstam and FealiriviletOO proposed an alternative method : rameters. 

The of fentivo or net hydrogen bond accepting ablil- for cifcuietlng solubflFty parameters (and molar volumes) ol � ty of solvent mixtura, introduced by Nelson at SI.. ramg- functional groups. in general, stralqht tines resulted when the -- nlzcs the fact that for example, when alcohols are diluted, soluttifly parameters & of a homologous series hydrogen bonds ax broken, the hydrogen bond accepting of monofunctional compounds were plotted against the reclp ablilty is reduced, and so the contribution of alcohols to the rocal of theIr molar volumes V (This is equivalent . to plotting net hydrogen bond accepting abthy Is negative (� EV)1 against the number 

si 
of carbon atoms If Via a fin-An alternative to the "phyaca1" approaches outlined ear function of it This method Is more satisfactory for ca.lcu above is the quas-ohemicai-approncb eg., alcohols In non- feting the- solubility parameters of No - molecular Weight hydrogen-bonding so1vnts may be considered as linearpoly- -- memberS of a homologous series from data on low molecular met mptexes78 Harris and Prausnitz have combined WWOM - - - . - - - chemical and physical Interaction treatments of sniveling hi- Noy’a also expanded Small’s method and In addition Intro -

 nary liquid fltures, - - - - - duced the concept of "chameleonlo" materials which adopi In pharmaceutical applications hydrogen bonding solvents the character of the surrounding envlromnant, for example are of great importance and use has been made  of the by dimorlzatlon (e.g., carboxylic acids) lor Intramolecular by fact that In such solvents there Is a pod correlation between dragon bonding (a g, glycol ethers) In polar or hydrogen solubility parameters and relative peimittivitles. - banding solvents respectively p.eso materials act In the ep - prOpriate fashion, but. In ottto. Solvents thB polar or hydrogar - - - - F The Honwmorph or Hydrocarbon Counterpart bonding Interactions are Intramolecular. - - Concept Fthelnełk end tin58 have proposed a correction for molar In any multicornponefll solublifty par metsi’ system there - voIurne hi functional group behavior. Both the -cohesive enen arises the problem of evaluating the nonpolar component. gy -E and the olr volume V of a given substance wart Brown -at aLa’ proposed the homomorph concept: -the- homo found to be the im of Individual contributions from chomic-a moiih of a polar molecule is a nonpolar molecule having very groups 



ario t anu Vi were W"Ust.nupenueu v uuuiw s. 

Consequently they defined / 

4} I 

Hansen and Beerbower, ex uded the funotionai group 
concept to partial solubility parameters, observing thatOp 

and W4,2 provIded the most satistaotwy basis for evaluating - 

group contributions, although the cbameleonto ettoot still p/D - 
prevents free additive use of these funchuns. - 

H ThreeComponent Solubility Parameters 
,r 

A three-component system based on the .dMlon of WW-
molecular forces into dispersion, polar. gan bonding, Ag*ire 4. Solkl model. representau*fl of COMON nItrate satublhlty Ir 

� parts WS Introduced by Crowley, Teague, and ten1S Of Hkk brand sc*iblllty parameter & dIpole moment x, an 
� a} the specfreoop1c parameter y (tvom Crowtey at at."’*’ 

One aua represented,m e regular (W vebfld solubility P 
(vedlual

 
� raieter 6, another polar effects (In terms of dipole moment 

and the thld hydrogen bondleg. (In term 01 the spectre-
� 

säoplc parameter y defined in section IV.E). Volumes of, volu-
bility could than be determIned wperttertay and drawn up 

In three thrnensIon (Figure 4) and repesanted In 
two 

dkflen-
slons by a contour diagram (Plgure 5). Some so4uteS notably 

cellulose nitrate, showed a alpetfleant region of borderline Sol-
ubility (gel tonatlon) representing *aH4h :ss" In the 
three dimensional modal, 

Hanson 10-13,21,27 also proposed that the concept of the 
sotubiflty parameter oould be extended to polar and .hydrogen 
bonding as ;WeIt as dispersIon InteractIons. This stubl&y.  Pa-
rameter

a 
ramMer vector approadh avoided the arbitrary axes of #Kfld 

..y,and bydcubflng the scale on the dispersion axis approxi-
mately sphe1eal volumes of eÆlubMty t,Outd be drawn up for 
iiny M bto) It was assumed that dispersfofl polar. 
and hydrogeo.bondlng parameters were slntuftannously valid, 
their oarticular values being determine by a large 

t*imber 

of  
f101frnental SOlubmty observatIons,: - . . . loaf 
A t zafloti for the threo-componert solubility param-. . . 

eteroorw,ptmaybemadeoflthe toliowlrtg basis. Itts.as’ 
� 

5m0dthtthoheeenargyEaresfrOmcontdbutIons r - 

I � from hydrogen bonding or similar specific Interactions � - . : �� �. � � � polar Interactions ��E and nonpor or dispersion Interac- r joflSEEf � � � � 4 111 / - � � �E���Eh � (4) ��� � 1fl/7 7 � � . � � lilt 7 � � � � � tIM. or (50) 1 JAL These lndtvldual solubtilty parameters are evaluated by eper 1-� . � briental sokblJlty observations (set10fl V). As: emphasized � . �f . � . .

 . above (section 1V.4 the total solubitty parameter 60 avalu- - ated from the empirical values of the Individual solubility pa- � . ,.J_ _L.. : TL rametara shoUld not be expected to be Identical with (A?U/ S tO II $z tS t 17 13 ),)’. Sometimes 6p and & (the association Interactions) are . . .. q+. -+ � . 00110011vly I95dtbodas. . . . . . . Ft9W45.8*Mty MP IDI QMXOMnt a) ’0to7(b)1 = � 6, (2+. 21I2 (51) to 19ØemCrowloyet.aL With the parnilsalen of the Jownaio Paint renei,g,i. �� . : � This Is equivalent to the "Polar solubility parameter" T Of � � � � � �: � � � � �Ianks and Prauinitz.54 An estimate of 8 Is avaitable from Of solvent The zWentlucations may be considered as Ira � . the difference botwłan 8 (U/V) for the liquid and for Its vector quantities, In contrast to CrowisyS parameter. Bwrsi � homomarph, Nun has pubflsheri numerical examples of has reminded us that these methods tend to distort the r012 � � . the practical application of the three-component parameters We marnitudes of the Intermolecular forces, the polar contr of Crowley at aL and of 

Hansen. Hansen’s  thmea4lmenslonaf button to cohesive energy density being usually small in relf treatment has the advantage that the three components have lion to that of hydrogen bonding In mixtures whore hydroge � the sarto units and If the 5d scale Is oxparxled by ;a factor of bonds can foim. . � . . � . 2. a sphark3atsolubftlty volunno for a solute maybe drawn, � spontedoulnsectlontV.E.ltla necessary iodlsttnguls Mth a suitable radius and compared Wth 

ft point locations’, between the hydrogen4xmdlng accepting and donating pros 



p1 W1J31 PJ 11 I IV1I.UI JI I 3CIt. 

ws Incorporated In the three-component method of Nelson 
i.ao with 3-litciebrarid solubility parameter, fraotlonai po-

larity, and net hydrogen bonding Index. 

$. Triangular Representation 

Tense I showed that for several polymer-solvent systems It 
was possible to use frathonal cohesive energy densities plot-
ted on a triangular chart to represent edubility limIts: 

_Y Jett Lho 
Soo (62) 

where 

62 + + 

so 

(53) 

This method was.used by Vialbut Teas those to use 
tractton& parameters defined as 

$1p_ II 1 (54) 
d–1p+ +&+O &+p+Oft 

This had the advantage of spreading the points more uniform-
ly over the. triangular chart, but the disadvantage that It was 
completely empirical, WIthout SVSfl the limited theoretical jus-. 

. tiftcatbn of regular solution, theory. 
These approaches make the single simplifying assumption 

that the total solubility parameter & is ceflsnt and that it is 
the relative magnitude Of the three typos of forces which do-

� termine the dissolving ability of a solvent. in general Lo values 
decrease regularly with increasing E Or. ’th indicating th 

� dominethtg contribution to bo of polar and hydrogen bonding: 
� forces In most Ilqulds.1 

� J, TwoMCornponent (Physical-Chemical) � 
Scubflhty PrMneters 

The’relationship between solubility parameter, cohesive 
energy density. and Internal pressure has been considered by 

a number of research groups. Recant Information from one of 
� 5e442.70P4.9s indicales that two-component solubility pa-rameters based on physloaE’ (polar and nonpolar) and � "chemical" effects may le Superlorto three-component sys-tems. One term, bv, Includes the vóiurnedependnt terms In the luld energy expression ned corresponds to the physical .polar and nonpolar effects. It Is derived by experiment directly from the internal pressure, eq 12. The other term Is the reald-usi sotublifty. parameter. &f I eq 13, arisIng from themlc.al (nota-bly hydrogeflbOoding) effects. This approach has.lhe advantage of utilizing theirnodyttam. 

is quantities ’it- and A.0 which are fairly readily available for most solvents (although not for solutes) in contrast to the Hansen parameters Which are efltpIdCaily Cletorthinad. Can. siderabke agreement would be expected between the values of,b.W and &, + 6.9 and between the values of.Ar and 41,, but because both types of parameter are based on simplified � concepts, there is no reason to expert them to be Identical. It appears that It is more appropriate to couple 44 and &, in this � way than to combine polar and hydrogen-bonding terms. In 

a similar manner Chun98 has combined the Flory Intorao duct parameter (which takes into account the dispersion and � polar interactions) with the hydrogen-bonding sofubility pararn-;. star to develop a two-component approach to polymer misol-.. biflty. VA The solublifty parameter concept has been described2 It only a "zeroth approximation" for 

r estimatIng the excel Gibbs energy of mixing: 
It must be emphasized that it is nevt4 exact and sometimes fallS badly. The aim Of solubility parameter theory is to provide a aol � cocalatOnt set of S values for the varIous components at on temperature and pressure (usually 25°0, 1 atm). 8eoeuss th enthalpy, excess entropy . =� �(8Lia flu, and, excess vo time tfl.= (’J(#Jp).Of mixing can be deduced from soluhifli � parameter theory With even teas success then that foiexoes Gibbs energy (section flED), it is We to attempt to catardat the temperature and pressure: dependence of aotublltly pi rameters with any accuracy from that formal thermodynai Ic relations. Empirical relations maybe used for this purpDs (section VIJIB). � :. � V. Eva!uaf!m of $olubilily PararnaMra for LJqlrk$Is A. The One-Component Solubility Pararnetei � From eq I and 5ltisrent that the min pmblemi evaluating 5 Is 

to obtain :a value for the molar vaporization en orgy at the temperature required (frequently 2660). If the on thipy of vaporization has been determined .oaforintetrtcefly a this temperature and If 

ft is well below the boilbig point, S maj be evaluated with 
ft 

assumption that the vapor Is kleai At higher vapor pmssuros gas law corrections may be ip plied, but even at the normal boiling: point the correction It usually quite emaIV’4 . � � Direct experimental information an AjQH is frequently un-available, and several methods have been iused to estimate The diversity of thłse methods may be taken as IndicatIng the lundamentai nature of the solubility parameter, providing correlatlbo between vaporization and criticaL sur-face, and optical propedies. .. . Despite the effort which has gone into the compilation of suit-consistent sets of muitlparameter salublitty parameter, the simplicity of Bun’eWsortginil dlviskst of solvents Into three classes has.nsvred 

ha continuing popiilarity)7 Oonsequant fy, the one-component solubility parameter, pW the hydrogen bonding group (poor, moderate, or strong) Is still widely used for all types of solvents., 1. Variation of Vapor Pressure with Thrnperature The CIauaKis..Clapeyron equation may he used: . � (66) dT pTAV It 

It Is assumed 
that the vapor is ideal, from eq 56 there Is ob-tainiad . . . . . . W7 which defines tI-f, the apparent.snthalpyOf vaporization. In order to correct for nonimfesilty, which is particularly impor-tant when the liquid molar volume Is large, the oompresslbiflty NOW z=pv5mT � .: � Is introduced’*. . . . Only values of p below about 10 kPa should be used to evalu-ate J0Ii’’, and 44o 

Is determined by lntetpotatipg or ox-





and bt, point values in ath dime &stan These date 
may be used with information on solute so!ubmty. volumes In 

Solvents Capable of Poo Hydrogen Bonding three olmenons (section V1.8) to prcftct sdivent..soiuto interjl, 
7.0 14.3 action behavior. . . 

nHeptne 74 15.1 . 

MthyIcyCtOheXane 7.8 16.0 vj, Evaluation of Solubility Parameters for 

Taluene 8.9 M2 
Tetrahydrolhtheiane 9. . 19.4. . For nonvolatile soMaS such as polymers Ills not possible 

� Q1Jlth hwtenzene I 0.0 . �. .20.5 tocleterm4ne values directly from Was Is clone for liquids, ids.
10.6 21.7 A sfe solubility porametar can be assumed to have exactly 

� {4itrethne 1 1.1 22.7. the same value as solvent solubility parameter in the ideal 
Acetomtnle 11.8 24.1 case In which the soMo and so1antmlx in all proportions, 
Nltromettiane 12.7 26.0 wlłoul enthalpy or volume change, and without specific 

� Solvents Capable, at Moderate Hydrogen Boading ohemIcallnteraollon. More ganerafty and practically, a variety 
. Diethyl ether 7,4 15A of approaches Is used.Ll.O2 . . . 

Dlicobutyl kaone 7.8 16.0 . . .. . . . . -. 

II-Sutyl acetate8.5 17.4 A The One-Component Soluhftity Parameter 
Methylproplonate .9 18.2 
D’hutyl phthi ate 9.3 19.0 The Hildebrand or oi*ompanent solubllltyperamnter may 

Dioxane 
eg 03 be determined by the foffowing methods, the.rosults of which 

Dimethyl phth1ata 10.7 . 21.9 have been discussed by 1-ilidebrand and S001t.4 The recent 
* . 23utyteno cerbana te 12.1 . 24.3 report on the determination of the cohesive energy or pclyØ 

Propylene carbonate 13.3 27.2 . 1iahydrofuranbo3 musfratas the application of several tech-

Ethylene carbonate 14.7 30.1 niques. �� � 
The one-parameter method Is commonly used avail, when 

Solvents  Capable of Strong Hydrogen Bonding there are strong polar andhydrcgen-bcndInglflteCtbflS. ft 
2-Eth Ihexanut5 19 4 

hot proved convenient in detrmIne experimentally for corn-
Methyiiobutytcnrblnot 20.5 

polymers a solubility parameter range for each hy-
. 2-EthylbuianOl 10 5mercial 21.5

1.4PEnkanOf 22 3 drogefl.bttn’led class pocr, moderate, strong of solvent The 

Buta not � 11.4 23.3 tecMqua has been descttbod by 00.8.97 
� 

� � 
i.Pro,anol . � 11.9 24.3 
Ethanol � 12.7 260 

� 
1. SalverifSpoclrwn . 

� � Methanol 14 29.7 A list of solvents can be complied, with grartually Increas-

� � lion of alcohols could be predicted by considering them corn- Ing l values (a ’solvont spec urn". Table VV) such that the 
� 

� 
� posed of a nonpolar contribution (calculated from data on the solute IS SOluble over, *. tartan of the Kst.! The solute sot bIll-

� � homorncrph of the alcohol as discussed In section IVY) and a ty parameter may then be taken approximately as the mid-

hydrogen-bonding contribution which was conskisrod tnda. point of the soluble range. � . . . . . 

� pendant of the molecular environment and determined by a . . . 

set of rules from the molecular structure. 2. Polymer Swelthig 
� Hanson and SkaSrilp2 calculated the hydrogenbondinu The swelling of a slightly cross-linked analog of the poly-

Parameter 6h (In call/91cm ’ )In an evenslmplerfashlon, dl. marof Interest In aseties of solventS Is studIed, and the poly. 
rectlytrcm(5000N/t’) where NlsthenurnberotalcQhOl aw 

. 
js? ass4W the  value ofihallmaxi-

group3 in the molecule, V Is the molar volume, and the figure mum swelling. coefficient. Either the swelling coalficksnt Is 
U rises from the fact that a reasonallfe value for the plotted directly against solvent solubility parameter, or more 

bond energy a -Gorr0SOWdn9 accurately an respmaslcn incorporating the molar volume of 
�expression Is each ff9uId may be used4’10114 The effective solubitity pa-. 

= (20.9OON/1)"2 . .rarneterof any O eta:.CO Itlnrnaterlalmay be. easl-

w iy determined In this way for example, Inks cn be chosen to. 
. . 

. 
The experimental origin of the spectmscoplc hydrogen-bond- avoid excessive swelling of applicator rollers r A modification 

Crowley at af53 has afready of this method Is the gas chrotrntographlo technique 
be" described (seation lv-Ei)  

The residual sktblWy parameter (eq 13) of  Bagley at al., 
, I Vl. ’#v � 

. 

which was Identified with the hydrogeflbonding parameter, 
may be evaluated from Internal pressura molar, volume, and 

�:  . 

The intrinsic viscosity of the solute Is measured in a series � 

molar vaporization energy data, thus avoktlng any use of . solvents, and the value of the solute solubility parameter Is 

homomorpb assumption, � . taken as equal to that of the solvent in which the Solute lntrin-

Paruta suggested an empirical relatIonship I tween b, 1c viscosIty has a maxitnUin value As with the swelling 

and the relative permltttvlty e which works best for method1, allowance may also be made for the solvent molar 

bonded liquids: . . volume, 103 Both equThrtum configuration of rnOleCtd chains 
In the swelling process and polymer some viscosity depend 

1/2 
- + v/MF & 15.5 �: (65) on the balance between Urnaibbe energy change due to mix-ing

 and that due to elastic deformation The extent of dafor-
mellon depends on the relative strengths. of Intramolecular 

E. Multicomponent Parameters . . . . (segm,nt-segment) and Intermolecular (segment-solvent) In-
teractl6ns,2’ In a good solvent the polymer molecule is un-

Hansan52 used the techniques described above, as well, fokied, . obtaining to the maximum extent the more favorable 





fl, 

V.  
6. … … SP 

Sh 

Aftnes 
P 101.4 6.8 6.9 5.9 CO 0,0 13.9 14,1 14.1 0.0 0.0 

p.Pentang P 116.2 7.0 7.1 7.1 0.0 0,0 14.3 14.5 14.5 0,0 0.0 
nMxne P 131.6 7.3 73 7,3 0.0 0.0 14.9 14.9 14.9 0.0 0.0 

P 147.4 7.4 7.5 7.5 0.0 0.0 15.1 15.3 15.3 0.0 0.0 
n.0cl1a P 163.5 7.5 7.6 7.6 0.0 0,0 155 15.6 15,5 0.0 0.0 

P 228.6 7.9 7.8 7.8 0.0 0.0 16.2 16.0 16.0 0.0 0.0 
CyckthxAne P 108.1 8.2 8.2 8.2 0.0 0.1 16.8 16.8 16.8 0.0 0.2 
MthIcycIobexane p 128.3 7.8 7.8 7.8 0.0 0,5 16.0 16.0 16.0 0.0 1.0 
rrnr-echydronapItha1ene P 156.9 8,8 8.8 8.8 0.0 0.0 18.0 18.0 18.0 0.0 0.0 

c1cn) 
Ar,matk hydrocarbons 

P 89.4 9.2’ 9.1 8.0 8.0 1.0 18.8 18.6 18.4 0.0 2.0 
� Toluene P 106.8 8.9 8.9 8.8 0.7 1.0 18.2 18.2 18.0 1,4 2.0 

Naphtfulench I p 111.5 8.9 9.9 9.4 1.0 2.9 20.3 20.3 19.2 2.0 5.9 
Styin P 115.6 8.3 8.3 9.1 0.5 2.0 19,0 19.0 18.6 1.0 4.1 
o-Xylena P 121.2 8.8 8.8 8.7 0.5 1.5 18.0 18.0 17.8 1.0 3.1 

thy1benzen P 123.1 8.8 8,7 8.7 02 0.7 18.0 17.8 11.8 0.6 1.4 
P 138.8 8.8 8.8 8.8 0.0 0.3 18.0 18.0 18.0 0.0 0.6 

TetryfronapbthaIe P 136.0 9.5 9.6 9.6 1,0 1.4 19.4 20.0 19.6 2.0 2.9 
14hhydrocrbon5 

Metl4yl chloride, M 55.4 9.7 8.3 7.5 3.0 1.9 19.8 17.0 15.3 6.1 3.9 
Methyl dic-blaride P 63.9 9.7 9.9 8.9 3.1 3.0 19.8 MS 18.2 6.3 6.1 
ChJQrQc1itIuofl1hflG P 72.9 8.3 7.3 6.0 5.1 2.8 17.0 14.9 12.3 6.3 5.7 

(Frean 21) 
Ethyl bromide M 76.9 9.6 8.3 7.7 1.5 22 18.6 17.0 16.8 3.1 5.7 

1-Dch3GrothyIefle P 79.0 9.1 9.2 8.3 3.3 2.2 1.8,6 18.8 17.0 6.8 4.5 
� Ethylene dichloride P 79.4 9.8 10.2 8.3 3.6 2.0 20.0 20.9 19.0 7.4 4.1 

M 80.5 10.2 9,3c 8117c 1.9’ 2.70 20.9 19.00 17.8 3.9 s.s’ 
chloroform p 80.1 93 9.3 W7 1.5 2.8 19.0 19.0 17.8 3.1 5.7 

� Ethylene dibromkle P 87.0 8.7 11.7 8.6 3.3 5.9 19.8 2.9 19.6 6.8 12.1 
.PrGpyf chloride M 88.1 8.5 8.7 7.8 3.8 1.0 17,4 17.8 18.0 7.8 2.0 
Thchtoroethylene P 90.2 9.2 8.3 8.8 1,5 2.6 18,8 19.0 18.0 3.1 5.3 

P 92.3 5.5 6.1 6.0 1.0 0.0 11.3 12.5 12.3 2..0 0.0 
� Wreonl2) 

Carbon tetrathorile P 97.1 8.6 8.7 8.7 0.0 0.3 17.6 17.8 17.8 0.0 0.6 
Tel’athiorpethyIie per- P 101.1 9.3 9.9 9.3 3.2 1.4 19.0 20.3 18.0 6.5 49 
chloroethyiee) 

CIorbenzene P 102.1 95 9.6 8.3 2.1 1.0 19.4 19.6 19.0 4.3 2.0 
1,1,42.Te’trathtoroethne P 105.2 97 10.6 9.2 2.5 4.6 19.8 21.7 18.8 5.1 8.4 
omonzvie P 105.3 9.9 10.6 10,0 2.7 2.0 20.3 21,7 20.5 5.5 4.1 
DkHoroberzene P 112.8 10.0 10.0 9.4 3,1 1.6 20.5 20.6 19.2 6.3 3.3 

1!1,2.Trth1orotrifftiorłthme  P 119.2 7.3 7.2 7.2 0.8 0.0 14.9 14.7 14.7 1.6 0.0 
(Freon 1 13) 

1-8monaphtheleie P 140.0 10.6 10.2 8.9 1.5 2.0 21.7 20.9 20.3 3.1 4.1 
Etht-

Furn M 72.5 9.4 9.1 8.7 0.9 2.6 19.2 18.6 17,8 1.8 5.3 .Epkhlorohydrin 5 79.9 11.0 10.7 9.3 5.0 1.8 22,5 219 19,0 10.2 3.7 Tetra1ydrouran M 81.7 9.1 9.5 8.2 2.8 3.9 18.6 19.4 16.8 5.7 8.0 114-Dk,xne M 88.7 10.0 10.0 9.3 0.9 3.6 202 20.5 18.0 1.8 7.4 Drethyl ether M 104.8 7.4 7.7 7.1 1.4 2,5 15,1 15.8 14.5 2.9 5.1 Ketones Acetone M 74.0 9.9 9.8 7,.6 Sd 3.4 28.3 20.0 15.5 10.4 1.0 Methyl ethyl ketone M 90.1 9.3 9.3 7,8 4.4 2.5 19.0 1910 113.0 9.0

 8.1 � Cycohexanone M 104.0 8.9 9.6 8.7 3.1 2.5 20.3 19.5 17.8 5.3 53 Diethyl ketone M 108.4 8.13’ 8.9 7.7 3.7 23 18.0 183 15.8 7.6 4.7 Masityl oyidie M 115.6 9.0 9.2 8.0 32 3.0 18.4 18.9 16.4 6.1 6.1 Actopfrnnone M 117.4 10.15 10.6 9.6 4.2 1. 21.8 21.8 19.6 8.6 3.7 Methyl Isobutyl Wone M 125.88.4 8.3 7.5 3.0 2.0 17,2 17.0 18.3 6.1 4.1 Methyl ioamyl ketQne M 142.8 8.4 � 8.5 7.8 2.8 2.0 17.2 17.4 16.0 5.7 4.1 taphorone M 150L5 9.1 9.1 8.1. 4,0 3.6 18.6 19.9 18.6 8.2 7.4 Diuty1) ketone M 177.1 7.8 8.3 7.8 1.8 2.0 16.0 169 18.0 3.7 4.1 Ndehyde Acetalothyde 1.4 57.1 10.3 9.9c 7.2’ 3,9’ 5.510 23.1 20.20 14.1e 8.0 11,3 PuthirafM 83.2 11.2 11.9 9.1 7.3 2.5 22.9 24.4 18.6 14.9 53 yr&ditiy1e M 88.5 9.0 8.4 7.2 2.8 3.4 18.4 17.1 14.7 5.3 7.0 Benzaldehyde M 101.5 9.4 10.5 9.5 3.6 2.6 18.2 21.5 1.9,4 1.4 5.3 



---

Name tDp mot-,& d 
p 

h  D 6d 5p ab 

Esters 
Ethylene carbonate M 66.0 14.7 14.5 9.5 104 24 30,1 29.6 19.4 21.7 5.1 

7ByUct0fle M 76.3 12.6 12.9 9,3 8.1 3.6 25.8 26.3 19.0 16.5 7.4 

Mothyi atetate M 79.7 9.6 92 7.6 3.5 3.7 194 18.7 15.5 7.2 7.6 

Ethyl fornete M 80.2 9.4 9.6 7.6 4.1 4.1 19.2 19.6 15.5 8.4 8.4 

Propyln-1,2 carbonate M 85,0 13.3 13.3 9.8 8.8 2.0 27.2 27.3 20.0 13.0 4.1 

Ethyl acetate M 985 9.1 8,8 7,7 2.6 3.5 18.6 18.1 15.8 5.3 7,2 

DethyI crbnt.e M 121 6.8 8& 8.1 13 3.0 18.0 17.9 16.6 3.1 6.1 

-Uuyl acetate M 132.5 6.5 8.5 7.7 L.8 3.1 17.4 17.4 15.8 3.7 6.3 

tob&dyl acetate M 13,5 8.3 8.2 7.4 1,8 3.1 17.0 16.8 15.1. 3.7 6.3 

tsiamyJ acethte M 148.8 7.8 8,4 7.5 1.5 3.4 16.0 17,1 15.3 3.1 1,0 

� Dlmethyt phthalate M 163.0 10.7 10.8 9.1 5.3 2.4 21$) 22.1 18.6 10.3 4.9 

OethyI phthalate M 188 10.0 1.0.0 6.6 4.7 2.2 20.5 20.15 17.13 9.6 43 

DI’n-butyi phthalate M 266 9.3 9.9 8.7 4.2 2.0 19.0 20.2 17.3 8.15 4.1 

Trlcvesyl pophate M 316 8.4 11.3 9.3 8.0 2.2 17.2 23.1 19.0 12.3 4.5 

flkiyl phthalate M 371 7..9 8.8 8.1 3.4 1.5 16.2 182 16.6 7.0 3.1 

� Ntrogn compounds 
Acetotiltdle P 52.6 11.9 1211. 7.5 6.8 3.0 24.3 24.4 15.3 18.0 6.1 

Acrylonitille P 67.1 10.5 111 8,0 6.5 3.3 21.5 24.8 16.4 17.4 13.8 

Pf’opionitrile p 70.9 10.8 10.6 7,5 7.0 2,7 22.1 2L7 15.3 1.4.3 54 

Bnzonitrle P 102.6 8.4 97 8.5 4.4 1.6 17,2 19.9 1.7.4 9.0 3.3 

Nittomethane P 54.3 12.7 12.3 7.7 92 2,5 26.0 28.1 15.8 1.8.8 5.1 
� 

Nitroatharm P 71,5 11.1 ILl 7.8 7.6 2.2 22.7 22.7 16.0 15.5 4.5 

2-14roropane P 86.9 9$) 10.1 7.9 5.8 2.0 20.3 2015 15.2 12.1 4.1 

Ntrobenzen P 102.7 10.0 10.9 9.8 4.2 2.0 20.5 22.2 20.0 8.8 4.1 

Ethylendimine S 57.3 12,3 12.4 8.1 43 8.3 25.2 25.3 15.6 6.8 1710 

2.PyTUI1drne S 76.4 14.7 13.8 9,5 8.5 5.5 30.1 28.4 19.4 17.4 11.3 

pyridine 5 80.9 10.7 10.7 9.3 4.3 2$) 21.9 21.8 19.0 3.8 5$) 

Morphoilne S 87.1 10.8 10.5 9.2 2,4 43 22.1 21.5 18.6 4.9 9.2 

Aniline S 91.5 10.3 11.0 9,5 2,5 5.0 21,1 22.6 19.4 5.1 10.2 

N.MeThyl2pyrro1idone M 96.5 11.3 11.2 8.8 6.0 3.5 23.1 22,9 15.0 12.3 7.2 

n-8utyiarnna S 99.0 8,7 9.1 1$) 2.2 3.9 17.8 38.6 16.2 43 8.0 

Dlethylamine 5 103.2 8.0 8.0 7.3 1.1 3.0 16.4 16.3 14.9 2.3 6.1 

Quinotine S 118.0 10.8 10.8 9,5 3.4 3.7 22.1 22.0 19.4 7,0 7.6 

Ermanda S 3.8 19.2 1741 8.4 12.8 9.3 39.3 364 17,2 26.2 19.0 

Dinethylftrmamide M 77.0 12.1 12.2 83 8.7 5.5 24.8 24,8 17.4 13.7 11.3 

N,N-0imethylctamkle M 915 10.8 11.1 8,2 516 6.0 22.1 22.7 16.8 11.5 10.2 
Hamethytpbosphoramide S 175.7 10.5 11.4 9.0 42 5.5 21.5 231.2 23.2 8.6 11.3 

� Sulfur compounds 
Cart)on disulfide P 60.0 I0.0 10.0 10.0 0.0 0.3 20.5 20,5 20.5 0.0 0.6 bmethyl 5ul1xkte M 71.3 12.0 13.0 9.0 8.0 5.0 24.5 28.7 18,4 16.4 10.2 Dirnethyl sufloneb M 75 14.5 14.6 9,3 9.5 6.0 29.7 28.8 19.0 19.4 12.3 � Acid halides and anhydrldes Acetyl chloride fri 71.0 93 9.5 7.7 52 1.9 19.4 19.4 15.8 10.6 3.9 Succinic anhydride& $ 66.6 15.4 15.4 9.1 9.4 8.]. 31.5 31.5 1.8.6 19.2 16.6 Acetic anhydride S 94.8 10.3 10.9 7,8 5.7 5.0 21.1 223 15.0 11.7 10.2 . Mortohydric alcohols Methanol S 40.7 14.5 14.5 7,4 

6.0 10.9 29.7 29.6 15.1 12.3 22.3 Ethanol S 5.5 12.7 13.0 7.7 4.3 9..5 26.0 26.5 15.8 8.8 14 Ethy1enEcynohydrin (hydra. S 68.3 15.2 15.1 8.4 92 83 31..]. 31.0 17.2 18.8 17.6 crylonitrile) AllyI alcohol 5 58.4 21.8 123c 79C 5.31’ 9.2c 241 25.7C 16,20 10.8 16,& 1.Fropanol S 75,2 11.9 12.0 7.8 3.3 8.5 24.3 24.5 16.0 6.8 17.4. 2-Propanot 5 76.8 11.5 11.5 7.7 3.0 8.0 23.5 23.5 15.8 5.1 15.4 lurfuryl alchol S 853 12,5 11.9 8.5 3.7 7.4 28.6 24.3 17.4 7.6 15,1 1-8uianol S 91.5 11.4 113 7.8 2.8 7.7 23.3 23.1 15.0 5.7 15.8 2-Butanal S 92,0 10.8 10.8 7,7 2.8’ 7.1 22,1 22.2 15.8 5.7 14.5 Benzyl aichot S 103,6 12.1 11,6 9.0 3.1 6,7 24.8 23.6 18.4 6.3 1.3.7 Cyclohxanol’ S 106.0 11.4 11,0 83 2.0 6.6 23.3 22.4 17.4 4.1 13.5 2.Ethyl’1-butanot $ 123.2 10.5 10.4 7.7 2.1. 53 21.8 21.2 15.5 4.3 13.5 Dlacetone alcohol M 124,2 9.2 10.2, 7,7 4.0 5,3 18.8 20.8 15.8 8.2 10,8 Ethyl lactate M 1.15 10.0 10.6 7.5 3.7 5.1 205 21.6 16,0 7.6 12.5 .’t-Butyl lactate fri 149 9.4 9.7 7,7 3.2 5.0 19.2 18$) 18.8 6.5 10.2 Ethylene glycol mnncmethyl

 frI 79.1 11.4 1.2.1 1.11 4,5 8.0 23.3 24.8 16.2 9.2 16,4 ether F-P-Mann iifvcol moothvl M 97.8 20.5 11.8 7,9 4.5 7.0 21.5 23.5. 16.2 9.2 14.3 



ing V. cm ----. - 

Igroup tno1 

Diethylanemotto- M 1309 85 M5 794 SO 174 (22.3 162 92 12.3 
methyl ether 

Ethylene glycot monou M 13L 9$ 10.2 7,8 2.5 6,0 19.4 20.8 10 5.1 12.3 
butyl ether 

2EthyI.14iex4no1 S 157.0 9.6 9.9 713 1.6 5.8 19.4 20.2 16.0 3.3 11.9 
1.OctanI S 157.7 10.3 10.3 83 1.6 5.8 21.1 24..Q 17.0 3.3 11.9 
cethyene glycol mono-n- S 170.6 12.1 10.0. 7.8 3.4 5.2 24.8 ’20.4 16.0 7.0 10.6 

butyferner 
. 

Carboxylic acids 
Forrnc acid S 37.8 12.1 12.2 7.0 5.8 LI 24.8 24.9 14.3 11.9 16.6 

� Acetic acid 5 57.1 10.1 16.5 7.1 3.9 6.6 20.7 21,4 14.5 8.0 13.5 
� n’utyric ad S 110 10.6 0,2v 7.3 200 5.2,e 21,5 1840 14.9e 4. IC 10.6k’ 

P?nos 
m-Creol S 104,7 10.2 11.1 && 2.5 6.3 20.9 22.7 18.0 5.1 12.9 
M*thyl sallcylate M 129 10.8 10.6 7.8 3.9 6.0 21,7 21.7 16.0 8.0 12.3 

Poyhydric alcohols 
Ethylone glycol S 55.8 14.6 16.1 8,3 5,4 1TL7 29.9 32.9 11.0 11.0 20 
Glycerol S 73.3 16.5 11.7 8.5 5.9 14.3 33.8 36.1 17.4 12.1 29.3 
Propylene glycol S 73.6 12.6 14.8 &a 4.6 11.4 25.8 30.2 1E.8 9.4 23.3 
1,3Butenedio1 S .89.9 11.6 14,1 &1 4.9 10.5 23..7 28.9 16.6 10.0 21.5 
Dithylane 91yc01 S. 95.3 12.1 24$ 7?9 7.2 10.0 24.8 29.9 16.2 14.7 20.5 
Trinttyene glycol ’ S 114.0 10.7 13$ 7.8 611 9.1. 21.9 27.5 16.6 12,5 18.6 

Water S 18.0 23,4e 23.44 7.6e 7-4c 20.70 47,9 47.8’ 15.5a 16.0,c 42.3e 
d C tatIc. a troty

 

(S)’Mooftately r p*vi (P) hydimea-bondingected from alul(p1 dog (h) and thti R) 5°C LiibUity parrntr and molar mume (eIetted from 1anen and B rbwey29.’pljf at as°1 but treated ecoa 1uW. Vaa uncortan. 

TA9LE VI, App1mate 5oIub1UtyPrameter Rngu for Some So11e in Solvents Mich Are 
Poorly (i Moderakly (M) r Strongly (S) Hydogen Bonded 

......................................... 

A, tall M-441 

SAT 6 M SS 

Butadne-acryIonitriIe 8.7-93 17.8-19.0 
copolymer (Buna NI 

Cellulose 14.5-46.5 29.7-33.8 
Cellulose acetate 11-1-12.5 10.0-14.5 22.7-25.6 20.5-29.7 

� Epoxy (Epon 1001) 106-41.1 8.5-133 21.7-22,7 17..8-27.2 
xa(metho,ymethyl)- 5.5-11.8 8.5-14.7 9.5-16.5 17.4-24,1 17.4-30.1 19.4-33.8 

mebrnlne= 
Nitrocellulose 11.1-12.5 8.0-14.5 12.5’44.5 22.7-25.6 16.4-29.7 25.6-29.7 
Pheroftc resins 8$-u.S 7.8-13 9.5’-13.8 17.4-23,5 16.027.0 19.4-27.8 
Po4yacryionitrile 12.0-14.0 24.5-28.6 

9.5-10.0 19.4-2L7 19.4-20.5 
Polyethylene 7.7-8.2 15,8.46.5 
Po1yethyerie xii) 8.9-12.7 8.5-14.5 9.5-14.5 18.2-26,0 17.4-29.7 19.4-29.7 

W (Carbova< 4000) 
Polyethylene phthalate) 9.5-10.8 9.3-9.9 19.4-22.1 19.0-20.3 

(y1er) 
Polyhexamethyiene 11.9-14.5 24,3-29.7 

adiparnidaNyton 
Type S) 

Pay(rne1ftyi 8.9-12.7 8.5-13.3 18.2-26.0 17.4-27.2 
niethactyiat) 

Polystyrene 8.5.40.5 9.1-L4 17.4-21.7 18.6-19.2 
PoIyteirefluor- 15,5-6.4 11.9-13.1 

ethylene 
polywofftcm 9.5-10.3 20.0-21.1 
PoTy(vinyi actate) 8.5-9.5 17.4-194 
Poy(vinyl chloride) k6-11.0 7.8-10.5 17.4-22.5 18.0-21.5 
Rubber naiuri) 11.1-8.5 16.6-17.4 
Rubier (chlorinated) � 8.6-10,6 7.9-10.8 17.4-21.7 16.0-22.1 
Sheftac 10.0-110 .5-l4.Q 20.5-22.5 19.4-.-2&6 Silicone (DC-I 107) 7O-9.5 9.3-10.3 9.5-11.5 143-19.4 19.0-22.1 19.4-23.5 
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Table V contains ö  valws for selected sQlvmfto 

- - 

with Temperature f or Two Liquids (after Hansen 
� . . . and Beerbow&) .. . 

2 Multicomponent Solubitft  Parameters 
. 

Hanson ’s publioatton1° " ftoKrde lists of histhree- d/df dWJJT dd,d7 36/ir d 
conpnent solublitty parameters with ModfftatlOMS from 
time to time to Improve and-consistenoy. The review by Han- 

Atetone 111 �30 -6.1 
� 1 � 

sen and 8eerbower2 has the most complete let of recent 
- - -14.5 �190  �3.3’ �2 

� vatues and a selevtlon of these is Included in Table V. łunaU 
. . . 

has included Hansen values in the second edition of Poly- gai gion between to wWlo and non.soluble zones of 
mer Handbook". Hoy871. has provided very extensive lute behavior . 
1ists which attho*ih precise and seIt.conslstent, sometimes . . . . . . 

differ from previously reported values which have been used 
2 Kawl.$utanol Test as the basis of polymer solubility lmrameter ranges.’* Care should be- exemised In using solveAt and solute para Motors Another commonly used theasure of the solvent powe from Wferent source"j. liquids, is their Kmni-Butanol (0) 

value, obtained by t1tratir Authors of other mutticcmponent schemes have also pub-Method Ø7 Crowley etel solubility parameler, dipole moment, reached. Although KB values have been related to sotub hydrogen bonding parameter;. .. Parameter by hmllons a Gardon,20,5605891 and VIR)"W. soiluly rmetars s/Mp5t 129 + C) Q5J( WW froctlaftl polarities. solubility parameter and by- the KR value Is in fact primarily a measure of thł aromatf drogen bonding parameter. . . . � of soWflts . . Nelson at al,90, solubility pararnbter’t fractional polarity, and . � . ,et hydrogen bonding Index. B. Etfectof Temperature, Pressure and Voluim CoIiimn "8 and "W in Table V provide a comparison of on .Solublllly paroneters . the results of one-component and three-component � For hydrocarbon solvents the average decrease. In proaches to aotublitty parameter determlriatlona. Slgnlitoent disparity in these values for a Ikiuki Indicates the existence each trnpetature rise It �0-01, which for many pm cal purposes has little effect In addition,the values particular tiiteracllons or features not explained by the current 0A1(6,4- and Va)( � are nearly Independ � approeth Fluorocarbon! form one class of liquids with such a problem (section V1ltJ3) and this Is demonstrated particular- of temperatura because of the

 similar effect of temperat ly n fluorocarbon-hydrocarbon mixtures . On and As.eo the entropy-temperature factor (see eà and 38) Is usually far more Important � . .� .. . . . � . C Date for Polymers and Other SOIUIPS � If precise Infprmatier. Is required on the temperature pendence of the dispersion component 4 empirical functl 1. 0-Component Sohiblfity Ptramaier Ranges may be used4’ (see section V.A..1 for the. temperature QtvupedAccorflng to Solvent 1-l)dngen -Bendingpenderice of Aft Hanson and Boorbowern have revlov � � � � Type� methods of calculating the variation with temperature of � � Themain compilations are those of Rurreli.400effect � , and ,. and their results are summarized In Table Vtl, 1 tordon. � and other lists have been published by Burr*el �lure ’Vi on a solvent solubility parameter of changing temps has been UtWZOd’ to provide a solubility pamm� and Seymour Table contains ranges for selected spectrum for determInation of a polymer solubility pararnet � � �OkttfL . � . � � The. effect of molar volume also appears In the anirt 2 Multicomponent .Solubllity Parametersextraction tern) 55 well as In the solubility parameter term. Thus for solvent (see section X B)

 when the Flory-Hugç Han has detemilned regions or volumes of solu- entropy cohecUoa for dissimilar volumes Is Included (eq blilty In his three-component system for a variety of polymers V5 appears In almost ovary term for the activity coethcl � . � In addition, most of the authors ltsted. at the and of słcticn and the eotectivity of an extraction solvent depends both � VLB2 have Included informatIon on the positions occupied by solubility parameter components and on #* molar VOhMtitt* � various solutes In their particular solublilty parameter All other factors being equal, the solvent with the lower nit � schemes, but there are no extensive com1laVons. $łfl- volume is superior thermodynamtcaDy, but the effect of nit dholm24 has published a short bibliography of polymer solublil- volume usually has been negteoted, partly because molar, W data, umes of common solvents are rather alnillar and partly to � � � �: . � duce the number of parameters for slmpilctty It feparticul; � .. .. �... � � (., vi,,.. er rSCiOtS :11 the U jOwumij’ � sIfflcantin the ołsOofalhatio hydrocarbons, withSlmill � values and different molar volume6.113 Ruorocerbons Parameters. larger volumes, have smaller solubility parameters than A. Other 

Tests of Solvent Power corresponding hydrocarbons,es 1. DIM/OFt RtIOC The most algntticant effect of large Increases In pressw � � � . � � � the decrease in volume equivalent to reductions in to Dtiutkrn ratio (AGTM Method 0172042) Is used to express perature The effect of pressure has received we attend the tolerance of solvents to dfluents, particularly loluone The although high-pressure gas chromatography (section VII multlparameter approach provides a satisfactory, correlation makes use of the solubility parameter for supercrtttcal fluid with solubW parameters83 although the one-component eel. The effect of pressure and temperature on so1ublUt ublilty parameter Is not able to do this The dilution ratio tech- marginal situations can be Important An example of � � nlque was In fact used to determine the exact Position of the way solubility parameters may be oalctdeted as a. functiw 
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and- the Is followed by sotublitty parameter optlmtzath-n ua 
C’-Effect of Concentration one Of the methods of sectIon IV4 Application of eq 88 is u 

aurreE has emphasized the importance of GOnCet*SUOfl 
ally adequate for the determinatIon 01 the average .solubt 
parameter for a blendt 

dependence In situations wh.re there is a disparfly in 6 values 
From 

GraphIcal 
techniques we adequate for a two-co mpon (greater than about 2.3 MPat) eq 35 It can be seen parameter syatem, but require more effort in the tfree-co 

that the heat of mixing per unit volume has a maximum value Portent methods Although computer-programmed mel 
when both 10A and th are 04, that is, when equal volumes of ads have been used for this purposa° some worka 
the components are mixed, but when there I Is a- close match conaitier them unneocssary. 
In .4 vaivat the Glll,s energy is negative at all. concentretfons . There are concentration inconsistencies in the various exparI- FPolymer Crvstafflrtity mental methods used to determine solubility parameters the current approach is to adjust the concentration to correspond For comptetoly amorphous polymers there Is no entha4 to commercial

 usage A practical problem Is that a solvmyt change on fusion, but wnen crystalline polymers dtesolve it system which Is suitable at high solute concentration may �- overall eflth&py change must also provide energy to mall It produce Insolubility at dUute-concentrat1ons for examples dur- crystallitas, the fusion entropy- requirement outwe*hing ti Ing dean-up operations, entropy change caused by the disordedog process. fflh -. -. crystalline polymers Ie,g., polyethylene polypropylene, po D. Mixed Solvents telratluoroethylene) wail below their melting points are Insoli Practical solvents are usually blends and it Is therefore liTh’ Win ał solvents. While the sotubilhly parameter Is -extreme - - - useful for predicting the solubiluty behavior of amorphor -portent to be able to evaluate the aftetive solubility pararne polymers, crystalline polymers- pose one of the thallenges.fr -. tsr of a solvent ml a. Other factors such as viscosity, vola the sotublilty- parameter method! - - thlly, and cost must be considered In solvent formulation (sec-. - - - lion VILF), but the effective solubility parameter is of great G Sotu-- lily Parameters of Compressed Gas" importance . . - In solubility parameter theory3 it*Value for a solven -- d SUbooled UIdt - - . . - 

.. . - mixture where all components have a similar molar volume Is In their review of high-pressure gas chromatography Ic related to the vchime fraction 4, and solubtilty parameter i, of nonvolatile - species,. Giddings, of M.110 extended the use c the components by the expression - - the one-component sokibWty. - parameter to - gases at lIqui - - - density. Their assumption of a "state effect" related to th 

S . . (*$) - reduced density ratio of vapor and liquId.and a "chemical at feet" raiatBd to the critical pressure- (compare eq 62) i where the summation extends over all components, Including them to the e,pression - -. the solute where its volume fraction Ia appreciable. - - Equation 68, predIcting that the valued the solubility" pa- - 2. 115iatm1’- ; w "5/ 71 - - cm -’tPc - r Pr,  renieter for a solvent mixture Is volume-wIse proportional to It has already, been noted (section V A 3) that Prausnitz am the aclublilty parameters of the components Is by no means coworkers have developed a method to determine the re quantitatively accurate"’ but has been used widely with me- duced solubdtty parameters of subcooted liquids Table

 V in soitable success (ref 6, 5, 63, 90, 116, $ee section VIII F) it chides the solubility parameters of some solids obtained bi Is pertalely true In general term that the addition at a nomel- treating them as subcooled liquids. 4’22 Further develäpmantt - vent may mc rove the colubility Of a solute In a solvent, and - eró 10 i* expected In this area with the Inareasing use ri even that a-solute may, be soluWe In a mixture Of IWO nansot. - h1gh*6ssure and low-temperature .tichnlques. A-relater vents, f*rexafroe ether (6 = 16-1 MPa1’5)-ethan61 (6 subject Is gas-liquid solubNty (section XC) 260 MPa112) as s solvłnt mixture for nitrocellulosfl 0 23 PurkÆya-stha :enI Walkiey1t8 have attempted to Improve 

or 
IX. Surface Propa#Ies and -Pigment Dispersion - - - - - - - - - eq 66 by deMeg an "effective volume iraction’For tto  - A Relation between Liquid Surface Free - - - - soMe Fl in an (A + C) solvent :mtju (4tr.. + k i) - - Energies and Solubility Parameters - - 6A-0 14’öA + *45c (89) Following the empirical relationship of Hl1dabrand4 and the - - theoretIcal - but Weatimd treatment- 

of $Ohonhi.rn,T20 Beer. and - - - - bo,vw’21 provided a correlation on a 

I three-compon- Oft solo- - - - bliity parameter basis for most organic liquids - =LIA04� - - 0.0115Vv2[4n2..+0.8.320p2+8ii)j - (72) - That is, the effective volume fraction terms are related to the for the surface free energy i in ergs cm-2(1 erg our2 - , bulk volume fraction terms by the lnvłre of the heats of mix- -10-3 N mder volume V in mol crn’. and 6 values In kV of the solute B In each of the pure solvents A and C. This - cal113 cm’, Slniilarr&atlons hold fur liquid metals and sev-has the dlssdvantaQe that the behavior in the limit ( - A) 0 is unclear, Ural classes of molten salts Work on solvent blends has been revlüwed by Hansen and Beerbower.2 --- ---- - - - - -ConsiderIng the geaer...k universal iMpOMMO--of the cobs- - E. Solvent Formulation sure energy density hi all physIcal properties, it Is not surplis. - - leg that such relationships can be found, but -their detailed sip-- - Solubility is not the only CrItor1cm In blending solvents. The nllicance: should not be ovóremphasfzed. In practical 

applica- - fonnulatlon of a solvent blend for any purpose is governed by tions of coatings, chromatography, sic, the problem Is much volatility (relative evaporation rate), photochemical air po1lu more complicated than the simple oIvent-* or solvent-tori relations (e.g., the Los Angeles County l.u)e 66), toxlci- vapor situation as It involves In additkic organic polymer-Inor. 



poses another cballo%e for Solubility parameter theory.’ 

0. UqWd�Sotid lnt9racUons 
’ .Adsorption on a sokd eurfece from the gas phase in princ. 

� plØ can be deecribad by obtaining sofubflity parameters for 
� the adsorbent surface from s4lab1e experimental data�an 

extension -4 the solvent SpeOtrum method (section VIA), Gas 
� chromatography was studied in. this way by Vlal,’3 It should 

� be noted that It Is the surface4 not the bulk of the material 
� which Is thus cliaraoterizłcl+ and surface properties may vary 

� between apparently WeoticaJ bulk samples, 
� Adsorption from solution Involves a&Iitlon& solute-solvent 

� and adsorbent-solvent interactions, but In some cases these 
can cencei122 Little progress has been marie in thIs direo-
ude, and it is questldnabie how much further effort Is Justified 

� cowering 

how tar removed this situation Is from that of a 
� roouiar solution, 

The subject has been reviewed briefly by Flansgn and 
Beerbower22 who reported the work of Zisman 15 W04 
and Han Hansen 12,5 has described the characlerlxa!Ion 
of a variety of solid surfaees(polymers anti tin-pinto) in terms 

� of thra-compon ant solubiluty paramoters. 

C. Liquid-Solid Chromatography 

the relative extent of solute adsorption from different eel-
vents may be described by the solvent strength parameter A 
As is the case with the solubMty parameter, the solvent 
strength parameter may be treated either as an empirical pa 

� . rarneler or as a fundamental property theoretically related to 
adsorption energ!es1 Recently there has been Interest In 

� � � the degree of correlation between liquid solublilty parameter 
� � � and quid-solid solvent Wengthparamele05,19,126 In quaft 

� � � tative terms the eluotropto series of increasing elution 

� �: strengths of various liquIds closelyfallows the order of one-
component s iubffity paramBters and this Is attrIbutable to � 

� tho fact that Wth 5 and tQ rafted the abfflfntmoIe-
awe to form physIoo.chemIcal bonds with an adjacent mole-
cute. Gooti quanthative agreement would’ not be expected. 
Solvent strength Is booed on iur types of interaction; (J so-lute-adsorbent (II) solvent�adsorbent, (III) solvenl-solvent, and Qv) st Went, of which the fIrst two are predoml � nant The.solubWty parameter measures only the third d an fourth types. The approximate empirical relellonshlps’55 for in  12 °(atumnIne). = -’0.7 4 o- 126S e°smca) = �$19 + 0.008 . (73) have linear regresslon.coefllcients ci 0.513 or 88.1% depenw dence of CO on A. 14 

mixed solvents, quantitative dLo corre-lations are even We reliable. 0,. Pigment Dispersion � Despite the practical Importance of pigment dispersion, re1 � ativety little iundamental.work has been done on the relation � between this process and soWilty parameters. In fact Ills � not dear lithe solublilty parameter concept Is the best ap � preach, although some correlations have been 

I 
made.W-129 f45nsen911 has used his three-component solubility parame � . . tar to characterlae pigment surfaces in terms of suspension times The center for the Inorganic (e v., titanium dioxide) Sus-pension regiora in a .thr5eimensienat plot correspond to high solubltdy parameter values NO surface energies), and � some show .po suspension In any solviril, but many. organic pigments suspend or diss0ve In solvents with reWely levi � iihftif, nvsmntpra.. Sedimentation volumes of settled dis-parameterL aaaarup- na uu. u,net mutual interactions between solvent, plprnent4 and bInder. ’ Hansp" Sorensen. n 1,1", and Vtnther133 have raviewi the effect of pigment charges on the dispersion of plgmer in solvents, with particular roferenae to the solübity parerf tar concept. � E. Liquid Flow Pr(perties The spreading behavior and On appearance of a ooti material on a surface is.detarrnfned bye large number of

 fa tore, many of which are still poorly understood, Approach to this problem are either empirical and statistical with a tar number. of test panels, àr more basic using.solubflity parair WS, visooeftles vo1aUullles etc,"5 For examples the surta wetting and dewØtling performance of various solvents a surfaces has been correlated with three-component sIub1 parametera-1134 F Uquki-Liquid Interfaces: Emulsions The background to emulsions has been presented 139olier,136 and Hansen and Beerhower have reported the use of three-component sOIUbIIIty parameters. The ap cation of sotubWty parameters topolymerlo emulsions In I water-based coatings Industry has been reviewed by Si mour and Owen,t This subject is also In the qualitative sernIquafltftative stripe of development. X.. Applications of SoItthIIJty Parameters A. Summary of Recent AppftcatIorzs Various uses of solubifity parameters are sommarOAd Table VIII, In addition, detaIls of some of those applicath riot discussed previously are Inoluded In the following S. B. Solvent Eictraction and tnfinfte U lion Activil Caefliciants The efficient separation of liquid mixtures by extractien quires a solvent with a NO seIectMty, I.e a high value of ratio of th infinite dilution activity coefficients of 

r 
the bin components. Weimer and Fimusn1tz4 hvü appiled the t component (poiarinonpotar) solublilty parameter 

method predict .actMty coefficients for hydrocarbons at Infinite Of In polar solvents and so predict selectivity of the solvents one hydrocarbon relatIve, to the other. The cohesive one density term (c + cr � 2c,) 

in the Hitdebrend-Sr chard expressIon (37) for the Interaction between .a pol a nonpolar substance contains, in addition to polar (1’) nonpolar ()’) solubility parameters, a term: in the ted tlori energy between the polar and nonpolar species. It found that ’I’e Is relaled to the polar, solubility paramete the solvent, i,, and to the class of hydrocarbon but not redly dependeiit on the solubility parameter of the hydro boo solute. For InfInItely dilute solUtions of saturated hyfiro! fone In polar solvents from 010 100°C, with TA In CE is and the corresponding benzene-polar solvent result Is = 0450i-2 The sciMly coefficient expression, which includes Fiory-..Hugulns entropy of mlxkng correctIon . for lIquids greatly difterent molar volumes (Section lII.E) Is ATtn V(Q, � Xri)2 + r - 2’wj + mVn (Va/ V) + I �� V8/ VA). 



� . 

liquldparfflion ohonlatoraphy, &W discussed Itie resuU In 
lapje - �. .terms of several tteor1ns kidWN The regular solution theo 

� .ActMty Coefficients Section X.B ry. Kertes14 has lavakiatted solubWty parameters and a0tM. 
. 

�Aerasel formulation . tesofbncaInalkylam1nes and their hydrochbrtdes. 
Cronatoraphy Sections VI LG, IXC . �. 
Coal salVt extraction b C Gas-Liquid Solubliity 
mprd aes Section VIILF 

COSMOULS Hildebiands solubility parameter method j Jug the  
Cryogenic SolventsSection V.A,3 solubllily Of simple gases In reUI8r #q"Z4was extended b 
Dispersion SectIon, IX,P PrUsflitz 

who 

considered tha 1$S "CO densed’t to a hy-
Dyes . Rat I 

, d : ptheUcsi 
liquid-Uke state, with sppropristo Emulsions . Section X.F lers and molar voin,os which then mixed with solvent Q-liquld solubility . $sdUor X.0 accurding to liquid miscibility rules. Hansen and Beerbawer. Grsae removal . .4 reproduced a table of liquid" volumes and solub9lty parame-. Membrane permeability . . .t 

ters fQT some pseous slvenls. Since most materlais wt’ich Paint turn appearance Hof 118 are gaseous vndvra nt con flons are oompoed of role-Rrof 81, 82,g lively. simple nioleeuIes the solubility parameter concept is 5CtIOfl IX.D Plasticizers, pofyflers, !esins Ref 10, 113,123 reasonably satisfactory as a first approximation for gAs-ilquld .

 Plucizatlon Ref 137 sofubilfty. Exceptions occur where there are specific c*wrilcal Potymr and plaSUczer coniptl Section XDbility  inleract1or3, as on occasion with UQI SO2 and Nf-, for ex-ample. Solubility parameters and cohesIve energy denrdty Printing k � Ref 128 have been used reosofly as the basis of approximate correla-� paacticrnratc of rathc1 poly- � tkns for the solubility otheIlum° and hydrogen ina va4. � � � merizatio* � � � ety of simple cryogonIc) solvents. Resistance O plastic to sOlYontI Ref IU � � . � : � � � � � � � � Rubber blends � .. � � � � � n pt cuiut � � Solid surface characterization Section IXB �. � � Solvent extracticn � Section X.0 � � � � � - The oornpatlbtflty 01 a particular polymer-plastioler sys-. � Solvent lorn,ulation . Section VIII.E � Surface tension � . Section IX.B tern Is the amount of plasticizer that can be added to the polymer before phase separation occurs. The plasticizer be-�Urea-wóter solutions Ref 14 haves as a solvent icr the polymer, and the solubulty pareme-:Vabrlstun of ptatiCiZers I let concept has been applied to this 

50se ThIS is ViscosIty of 
polymer systems h also true of polymer competlbl8ty In both liquid and sod � .. � Wetar-based polymer systems Ref 136 phases.143 � � . 1roe Ctiefricals Dept.,rannset Cw1ca1 Corp., Teclinleatffi-. fonm1ldnt File, No. 3 (3).’ M. W. +<.11er,1nd. 5K. Clieft, 32, . 1389 (1e40t 0. W. van Krewlen, Fuel. 44, 22 I95 N. V. l’tlrov, XL Conclusion .1. M. O’Stiee, and l. D. Srernt, ThW, 45, 415 967): .1. f. C MOM Cuifl The tPwee-componont solubility parameter 11a thooreticalt 10� G. Ft, Fat,er, J. M. AngeIoktnd H.F. Silver, rTlOr.e cGrreCt, but the pratical results are no better ther � Roy and Oil those given by two-component parameters. In all discusbi � . �. teL Ctein., 23,525 (1723. d E. C. lbs, J App. J-’ol.vm, &, so far, solvents have been specified as points and solutes at r7ll9lflVflJkl.4L ,Z? U9 70,147444 (11173U8, Schnelar,J. App.1’7l. voktrnes or areas In nlu$Uooniponent . parameter spacL 11 *343 j g , Carnmatativad 3. J. Yao,J, P1tj1m, cL, 51, 723 woutd .robably be prelorabteto treat the solvents a1s as vol, umea, even In lIquId-.ftquld kdłractlone, accepting that thE Srnour, D. L Owcu, an P; 0. Klncal, Chem. TclmôL, 3. 549 sotublfity parameter does depend 

on the system used to me* (1573)144,5 Seymour, O.R, 0wm a1d G. A. Stf,P<t,vmn 14, 334 (9’37, 1’,J. C Ist-,j(,r Qhi, ThCC!. 40, 324 p9671. � . sure . JL A.w,4. H. FI’i,n, snd .S Straus, p eh. CQJIJ, � Any approach to the theory of solutions should have One 01 two clear alms (I) the development of a fundamental methor � iiwn. &i tse (:L#67).. of studying the therriiodynamtcs and othOr properties of solu � I . �. .. � thins, with great detail and socumoy, and with the aocep. tance Of complex and cumbersome mathematical dłscrt Helpintlli and Van /lnldt# eWIlied Us treatment to In- thnE or ill) the tonstructton of a practical tool which a sot � . dude oIat.-polar binary systems by rgsieMng the quantity vent formulator can use in his laboratory to simplify his task. *AR as to include polar-polar as well as polE-nonpolar The olubllity parameter concept should be associated pi krteraótkin, and it was found for polar solvents that to a rae- manly with aim II. and should not sacrifice simplicity for.acci sons* approximation � �. raoy, There Is a good thermodynanilo reason for 1 th1: IN ,Ae�Cr 

fr �T) � . bbsenergy.omixhigtsadeupottWouanUt1eaonyoni
 .� of Which iedŁscadbytt*aoiubilhtyparame!er.Sokibltit � There have been several other extensions of splubitity pa- paramotars tell only half the story, even If it Is usually thi remoter theory to systems of considarablU Chomteal ełm. most Importent halt. plexity. Froiser and coworkers and suzuki at at, have applied � �. If a two-oomponenf parameter Is adequate for a Job, It I this concept to organic solvent-Water dls*rllutlon of corn- �peforabie to a three-component system In that application. pounds exhibiting specific Interactions and to Ion assocla. Is nove eless Important for Industrial óhemlste to exsrEdn’ � �� 11cm extraot1on7 Recently Noel and Meka&35.reporte4 on. closely the ass*rnpticns In the theoretIcal development of th � � correlations between the dItr1butIor, constant, solublilty pa- concept, and for theoreticians to keep in mind possible IE � � rameters, and physical properties such as refra*IIve Index linementt of practical techniques. � - � � and density for a number of solvent extractiOn systems. Mac. There Is a particular problem In the application of solublill. 



nor practical aspects have been Rdeuatety devoloped. a Isobaric opnslvity : 

Pe" points have been made strongly by,Tavm14s and by [3 iSóchOric ihem& pressure Coefficient (3) 
many others, some of whom beve oommunlcated with me y activity coefficIent on MOWscale 

, during the preparation of this review, and. whosi work has y hydrogen bOn4ln. parameter (44) 
� been referred to above. I would WO to thankaff these people Ô (nnecomponent) solubility parameter (1) 

for their assistance. average muiticcrnponent solubiUty paremete � (68) 
4X11. Glossary of Symbla bm solubility parameter in moderately hydroer 

Wmbeis refer to equations In which the symbols first ap. bonded solvent 

Pear- I Solubility Parameter. in poorty hyrJrogericJe 
solvent 

A molar Helmholtz energy solvent 
In strongly hydrogen-b0dev. 

hydrogen bond accepting capabIlity (45) 
 pendent solubility parameter (12): 

rmete 
A (subscript) attractive, (a)  
A. .0, C. Antoine equatkinparamefe.s 59) Adcomponent of solubility parameter (43) 

-E molar cohesive en  
4mty  ()At, hydrogen bonding component of solubilitypararn 

star (50) � E (superscript) excess ()bill Induction component of solubility paran.eter(43) 
F molar ettracton constant (48 total sc1ubflH parameter (40) 
0 molar Gibbs energy ot lent atlon component of solubility par5meter (43 
11

 
(subscript) relating to enthalpy apposer component of setutuflty parameter (50) 

� mo’ar enth&py� � � . residual solubility parameter (13) � 
H standard entflalpy . �f. relative prmfttivity (85) 

� � I (unit) loule . . solvent strength parameter (73) 
K (unit) kelyin . . � . . isothermal compressibility 
N (unit) newton . . . nonpolar salubitity parameter (42) 
Pa unii, pascal, H m� . 

. dipole moment . 
0 gas constant r. internal pressure (3) � . � . . . 

w 

$. molar Orltropy. . . p � density �� . 
S(subscript) mai Ming to entropy � . � �traction.  . � . 

temperature I) �. � . . � polymer-solvent interaction parameter (39) 
T (subscript) constant temperature isothermal Induction energy term In solubility parameter (71) 
LI mole, Internal energy Pitzer acer,trIo (actor (82) 

� V �. molar volume � 
� .. : V . (subscript) constant volume, isochoric � XIII. Addendum S � � 

X any extensive molar property (14) � . . 
XO 

partial molar property of substance 8 (14) : fri the period between the acceptance of this paper and. It X0’ molar property of puria iwbstanoe a publication I have noted the following reports utilizing tb 

b � (ubsorlpt) relating to atmospheric pressure boil- concepts of solubility parameter and regular solution. 
log point � � . . Section IV.C. "Technique for Refomlutattog Solvent Mb o cohesive energy density(S). � ttWS In Epoxy Retlin Coatings", G.- R. Somerville and J 

� . � . c (eubecript) critical � . �. � Lopez In "Solvents Theory and Practice", Advan  Chen 

d (subscript) relating to dispersion Interactions 124, 175 (1973) (use of fractional polarity). I fractional sotublilty parameter (54) Section W.O.’lhe Appilcatlon Of the Regular Solutlo I activity coat jilent � � . . . � ; �. Theory to the ton-Pair Systems T. Takamatsu, Bill. Chen I (subscript) relating to fonnation� Soc. Jpn., 41,1287 (1074) (appllcatkm to solubilities of KC g (supOtsoIj)t) 955 � � � KDr, KI, In alcohols)... . . . h (subscript) relating to hydrogort bonding Section Vin .A. "Solvont Selection via Miscibility Number’ k empirical correction coefficient in geometric N 8. Godfrey, Chain. Thch 359 (1072).. � mean expression (34) � Section X.A. "Technique for Reformulating Solvent Mb (superscript or subscript) liquid � . lUreS in Epoxy Resin Coatings", cited above for section IV.0 M (unit) meter "Ciasalficetlori of the Solvent Properties of Common UCIUkIS’ M (subscript) relating to

 mixing . . � L R. Snyder, Jchrotha1o, 92, 223. (1974) (application I n amount of substance liquid-liquid chromatography) ’The Influence at, Solvent o 0 refractive index chemical Reactivity", M R J Deck. J Qlem Educ, 51 23 P pressure � � � (1974). � � � � � p tractional polarity (4.1) � � � � $octlon-XIOL "The Screening and Selection of Solvents k P (subscript) constant pressure, isobaric � the Extraction of Phenol from Water", P. R. Kiezyk and C p (subscript) relating to polar Interactions Mackay, Can J Chain 61,741 (1973) "Solvent Setei r (subscript) reduced tMly for Hy&ocarbons With Close Molar Volumes", VI � � temperature CO) � Spelyng and 8. P. Taaios, inc. Eng Chain., Proc. Des. Doi � . � mole traction � 13,328(1074). . 

S � � � Y activity coefficient on concentratiofl (’molar’) S. � � � SCCIe � )(/V- ffeIerences � � canga on vaporization � � Ain change on mixing (1) end 4. Id Priivi*nftz, taL Ens. aiam. 5. U � �X21� � surn0v141- all0 . � (2) J,t1.tdebrd and ,LSoss.’Rursloe’,prentice.Hs,Ls 



(4) J. K HItibni nd and A. L Scott . 1ubfty of ND.EóVOyt8s’, w(6j L A. Utr%hI L Appi, PcIjim $I. 16.i187(1972) Pm, J. 
flQhuk New Ydc I5(). (1972L 

J. Oftkebwtk OieftL (t 44 37 (1949) (62) g W. Tn4r In ModOw OI*misHy .Io’ the EngInarnd Scst", G. 
tfiL$,  (Al viq, Fed Pnt Vern Ptnd Cb*.07, 726 110). ft. (oberion.E&.M w44ILNwYork. N.V, 1967, pp 103410. 

NMI  ca a Crowley. G.$ aegue, adW.w, J. powTe&VL. 30, 
p H. flutaPMWhem. 1kv,, 14.3-16,31-0 (19. 

’ f64. F Wekner an4 L Pt Prws1ftz. jgthn Arv4sn. 44,231 
� (1) C. M. Henaan. J. P.ifri Thth1, 30 104 

1 C. L ftnsen J Pat Jerirnof 39, $0 t1$67). A. tflor, B. � (1 (5) L Kago, and L IL Ene. (as OVwvWV,, Pros. 
N. 43Ini and X� Ska rup. *’. PE//It T/I1of, $, 511 1967). 9j0 (Ej, 0, 125 igi. 

� (IS) C. M Hansen, "Three DimenqwYal SoIJbJJItl P emetGr and ScIn (IG) J. 6, Gordoa, J F 10,2412 (19$4 oil tsoi Cc fIeM’. Dan1 TschncaI Pr, CoptThgan, 1007, 671J, 
IL Qedon, Tech. MErnoi; Oi Ota$0met. (te, 1, 51(1969). (14) Cnn, Cham. T81.254772)  H II 3r4 H. £yriij, L ThanL 6, 726 (ltSY). P. Van (16)

 (. 6ctthard, ChOnL R’., 6. 321 (12I). J 1lm 34 1312(1959). � (16 0. ftalehard, Chant I?av.. 44,7(1949).(60k H. Swell in °Ent’pa42a of 1ynier Sdencn Wd TehIegy", V 
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� errores se mantuvieron en el ültimo’cap.Itulo  reivindicatorlo allegado por Is 
solicitante En el texto original presentado internacionalmente via PCT, en la 
primers reivindiOaciOn puede leersØ claramente que las microemulsiones 
comprenden: 4) uno o mÆs surfaótantes no iónicos. En todos los capitulos 
reivindicatorios allegados por Ia solicitantØ a esta Superintendencia se han 
cometido los mismos errores y se ha escritô quØ dichos surfactantes son iónicos, 
10 cual no se ajusta a Is versioll original preØnthdà internacionalmente. Asi mismo 
se indica en dicho texto original que las miroeræuIsiones comprenden: 5) uno o 
mas surfactantes anionicos En el ultimo capitulo reivindicatorio allegado por Is 
solicitante a esta Superintendencia se escribiô  que dichos surfactantes son no 

� iónicos, to cual no se ajusta at texto original presentado. internacionalmente. Los 
alcoholes grasos polietoxilados, los distirilfenoles y tristirilfenoles pohetoxilados y 
todos los demÆs que Se meæcionan en. re 4ndi ciAn 9 como surfactantes 4) 
son .surfactantes no iónicos . en ja prirneràrei.vIndiôacióh  se indican que los 
surfactantea 4 son iônicos. Es: decir, Is inoonsistencia se mantuvo a pesar de 
haber notificado a La solicitante en este sentido. 
De esta manera, la invención quedo indefinida y tampoco tene sustento en la 
descripciOn ya .que al confundir las caractØristicas dØ uno y otro surfactante en las 

, reivindicaciones, Is descripcion no 1as sustenta 
La solicitante fue. notificada por esta oficina sobre Is falta de definiciOn del objeto 
de Is solicitud mediante el uso del parÆrnetróde. solubilidad do Hildebrand pars 
definir el segundo componente de Is rnidroemulsiÆn ya que el rango de 16 a 21 
MPa1"2 cubre decenas de solventes y en Ia descripciOn solo so divulgan cuatro 
especificamente. Luego, una genØralizaciOnde tÆi..dimensión, en donde so cubre 
una cantidad indefinida de solventes per et parÆmetro de solubilidad do Hildebrand 
con tan pocos ejemplos, constituye una especulacrori que no tiene fundamento en 
el texto do. Ia descripción. S � S 

En cumplimiento del articulo 45 de Ia decision 486 como a pesar do Is respuesta 
del solicitante aun subsisten impedimentos para l concesiOn, se recomienda 
denegar Is patente. S S 

� � �, 

� .: 

. 

4 Dotermlnacion del Estado de (a 1Øcnica: 

La fecha tomada en cuenta pars determinar el estado de Is tØcnica es 2003-03-06, 
wk Is cual corresponde a Is fecha de Is prioridad reivindicada 

Tomando en cuenta Is fecha pars deterrrunar el estado do Ia tecnica se realize una 
bUsqueda en las bases de dØtos � disponibles pars esta Superintendencia de 
acuerdo con el objeto de Is solicitud y se’.e$oritraron los siguientes documentos: 

NO Documento - Titujo 
- Fth - 

Ad.yuvantespa(afungicidasDi US,5905072
 

- 1999 05- 
18 

D2 US 5527823 Formulacrp9sticidas 1996-06-18_ 

5 Analisis de patentabilidad (segreçisito) (articulo 14 D486) 

Nivel inventive (articul618 D486) 
I 

Dl ya habia divulgado rnicroemulsiônes ctradas estables con el tiempo que 
contienen pesticida (tetraconaz9l coq mismas caracteristicas fisicas del 

.córnponente 1) de fa microemu! OreMhdiçadaeii  La solleitud estudiada, contiene 
poliol soluble en agua (propilenglicol), surfactante no iónico con un valor do HLB 
de 13 a 18, surfactante anionico, agua La..unica diferencia aparente es que en Dl 
se divulga el use de un solvente Ilamado DieseiR B1TM do Novamont S.p.A.,  el cual 



es una rnezcla de Østeres metilo de Æcidos: grasos, mientras que on la solicitud 
estudiada se usa oorno disolvente uric que seaseleccionadp entre esteresalquilo. 
de acidos carboxilicos con el aiquilo comprendido entre C4-C10, con un punto de 
inflamaciôn. >60CC, solubilidad en agua a20°C rnÆs baja que 5% par peso, 
parÆmetro de solubilidad de Hildebrand entre 16 y 21 MPa1 2 Segun el solicitante, 
estas condiciones fisicas se cumplen po partedel acetato de heptilo Pero en D2 
ya se habia divul.gado el usa deacetatode heptilo en formulaciones pesticidas en 
calidad precisamente de solvents Par Ic tarti, si n el etado de la tecnica ya se 
conocia at acetato de heptilo  ’.66h?&te para conipsiciones pesticidas, un 
tonico medianamente versado:Øæ là materi Ilabrla dŁrivdo de manera evidente 
el use de dicho solvente en larnicrc.ernulsiOri divulgada 

on 

Dl para lograr elaborar 
Ia microemulsion de la, solicitud Ademas, los esteres mettlo de los acidos grasos 
no estÆn tan alejados de la definiciOn dada Øor Ia . solicitante al solvente de la 
microemutsión de  la solicitud estudiada ester aiquilo de Æcido carboxilico Es de 
anotar que las microemulsiones divulgadas ’en Dl tambiØn fueron reportadas 
come estables. Par otra parte, el ejemplô comparativo No. 10 de ía  solicitud donde 
la solicitante usa biodiesel que no necsariamente concuerda con el producto 
oomercal DieseiR BiTm de Novamont S.p.A; ..Luego, se considera que un tØcnico 
medianamente versado en la materia habria derivado’ de una manera evidente el 
objeto reiviridicado en Ia solicitud estudiada. 

Por Jo tanto, se cónsidera que et objeto de 18 solicitud estudiada no tiene nivel 
inventivo. ....... S S 

6 Respuestas de la’  solicitante 
La solicitante menciona en su respuesta una tabla A y una tabla 7 que no se 
encuentran denominadas coma tat en Ia d,scrpcon allegada a esta oficina, per to 

Ta cual no es posible segutr el curo dedaaq, solicitante 
La solicitante adjunto los resu1ta9s de 

vii eJundo 

experimento con un .solvente 
mÆs para demostrar que Ia eleccion de-,.:’olventes segun el parametro de 
solubilidad de Hildebrand no es un especulaciOn Esta oficina debe insistir en que 
gracias at articulo allegado por la solicitante 4-’e› Allan Barton es posible confirmar 
que son varias decenas de soIventes los que cumplen con las condiciones 
es’tablecidas en la pruniera teiviridicaciOn de là:  solicitud estudiada y que dos 
ejemplos: no es un nümero reprØsØntativo coma. para poder hacer una 
generalizacióncomo ía quese hizo en ditha’primera reivindicación. 
Afirma la solicitante .que se.*limitó  el cohppnente del solvente 2) de la 
reivindicaciôn I insertando la reivindicación 6, pero esta oficina llama la atenciOn 
sabre et hecho que la solicitante no limitO là mismà reivindicaciOn I y por 10 tanto, 
a juicio de esta oficina, dicha rØivirdicaciówtiene  carÆcter especutativo ya que no 
resultaba procedente facer cria gØnerIiación  tah.ampIa come Ia defuniciOn del 
solvents par el parÆmetrode solubilidad de Hildebrand. 

Con respecto a los documentos del 
es -do, de la tØcnica citados per esta oficina, 

afirma la solicitante que Øl .robtema, tØcrilco dŁsu invenciôn era suministrar 
formulactones concentradas acuosas de agroqutmcos unsolubles on agua que 
tengan un impacto ambiental reduo1dq, 

to’XictdacI, 

estabilidad durante el 
almaceriamiento y la misma acti(d agrvica Lasolicitante argumenta que 
en Dl se trata un problem  difernte at resiMto per el objeto de su solicitud, pero 
simultaneamente afirma que los au ores. de Dl divulgaron una microemulsion 
estable Sin embargo, asegura la solicitante que DI no divulga iii sugiere que 
pesticidas con un punto de fusion entre 10°C y 60°C pueden formar 
microemu Isiones concentradas est LØscôn  una relàción por peso componente de 
solvente 2)/ingredieæte activo entrØ O,9:ly lk5:l. En primer tugar, esta oficina 
llama la atencióri de la solicitante sb.bre Øi.hºcho que en Dl se usa tetraconazole, 
al igual que en Is solicitud estudiada (reMndiaôiOn 4), como ingrediente activo. 



S 

Luego, tetraconazole dØberiadcumplircon las çbndiciones dadas por 
el 

propio 
solicitante en la,primera revindicacton Cork repsctp a la proporción entre el 
solvente/ingrediente activo, en el documeMo Dl se establecio que la cantidad de 
ingrediente activo esta en el rmsmo raj proporciones reivindicado por Ia 
solicitante, como to afirma Ia misma soticjtaØ-n  su respuesta 

Afirma la solicitante que en el ejemplo 10 comparativo demostro que cuando se 
usa en las microemulsiones de Ia rivtnthcaciOn I un solvente del ingrediente 
active diferente del componente.: 2) que e::definŁ en la reivindicaciOn, no  se 
obtiene una composiciOn establŒ. Esto cohtraiØld expresado per la propia 
solicitante cuando cita at documenteD 1 ya qLiº la propia solicitante anota que en 
dicho documento se revelaron microemul.siones .estables en las que se usó un 
prod Ucto comercial Ilamado Die.seIR Bi; Luegó, este prod ucto comercial no es 
necesariamente el mismo biodiesel usadô per Ia solicitante en el ejemplo 10 de la 
solicitud. Par otra parte, la composiciôn del producto comercial DieseiR Bi puede 
asimilarse a la definiciOn general de solvente 2) dada en la reivindicación 1 ya que 
se trata de "alquil esteres de acidos carboxilicos con el alquilo comprendido entre 
C4-C10" El anexo allegado por la sohoitante sobre biodiesel no necesariamente se 
refiere at producto comercial Diesel  BL 

Con relacion a D2, Ia solicitante seæa que alli se resuelve un problema teonico 
diferente del de  la solicitud en estudio y esto efecthamente es asi No obstante, el 
documento 02 pertenece at estado de a cwca enseæa soluciones pesticidas y 
enseæa el use de solventes con3 los iŁcs eii las microemulsiones de la 
solicitud estudiada Es decir, un fecnico rnedianamente versado en la materia 
habria utilizado esta enseæanza para emplear acetato de heptilo en las 
microemulsiones, ya que en Dl  sea que es un solvente util para 
composiciones pesticidas Indica Ia solicitante que una persona versada no 
encontraria en D2 motivacion alguria para modificar Dl y resolver el problema 
tØcnico de Ia invenciOn en estudio.’tstaoficina ôohsidera que  la inica diferencia 
existente entre las microemulsiones de la, solicitud estudiada ylas 
microernulsiones de Dl reside en el usodeun, solvente conocido en el estado de 
la tØcnica para ser empleado en composicionØs pesticidas. El problerna tØcnico de 
obtener rnayores concentraciones de principio active contando con buena 
estabilidad en el tiempo es un problema cornünaunà gran cantidad de solicitudes 
de patente en la actualidad Es decir, Ia motivacion de usar un solvente diferente 
esta en Ia problematica actual de las comjosiciones pestLcldas de buscar 
solventes que no seam tan daæinos para ef ambiente ni para la salud de las 
personas y animates utiles Con respecto a Las relaciones solvente/principio active, 
que no coinciden en D2 con las de IaoHoitud, ía persona versada en la materia 
utilizaria Las de Dl que son identicaso muy cercanas a las de la solicitud 
estud iada 

7 Conclusion 

En consecuencia y por todo to expuesto arttenormente, se recomienda Negar las 
reivindicaciones I a 11, folios 107 a 10 del, expediente 

Bogota, D.C., 2010-09-14 
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