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IllTRODUCTI01' 

An insight into the behaTior of high polyaera in 

solution 1a oonatantly being sought. To explain and prediot 

the behaTior of plastic products we :raust know the shape and 

eise of the oha1na that make up our plastic. Possibly the 

moat illportant of the two above-mentioned properties ia the 

size. The aoleoular weight ia a measure of the eiae. 

Kethoda that oan be used io aeaeure the aoleoular 

weight ahould be e:a:treaely important and Taluable tools in 

the polyaer field. There are aany known method• of moleoular 

veipt determination but_ oal7 a 811&.ll number of these are 

applieable to hi&h pol.yaerio 11ateriala 4ue to the enol'lloua 

aise of pol.yaer aoleoulea vhiok rancu anywhere froa 1,000 
to 12 million in molecular weight. 

For tlu.a reason this inTeatip.tion waa oarrie4 out. 

Af17 new aethod would be a giant stride 1n the technology ot 
today. Even aore reaarkable and valuable would be a method 
that oan be used to obtain the aolecul.ar weight rapidly aa 

well aa accurately. 
An indioation that thia method would be applicable 

to high polymers vae developed in the author's Masier of 

Soience iheaia (46). The purpose of the present reaearoh 

was to determine: 



( l) The applioe.tion of the method to other oellu-

losioa as well as the investigation of the effect of various sol-

vents. 

(2) To study the effect of different solvents on the 

oontiguration and dispersion of the high polymer in solutions. 

Thie work, due to time requirementa, must be confined 

to ethyl cellulose systems, but work is under way by various 

investigators at the present time on other systems (48). 

Investigations oonoerning the solvent seem a very 

important phaae of this work since, from a theoretical. point 

of view, the configuration of polymer aoleoulea in solution 

is quite revealin& aa to polyaer behavior. 

In this inveatigation relatively dilute solutions 

were used because it was thought that in auoh dilute solutions 

the ohaina are able to aot independently of one another. 

No aatiafaotory oonatanta are available in the 

literature for the conversion of the intrinaic viscosity of 

eth7l cellulose to the molecular weight. For this reason 

dieleotrio dispersion meaaurementa were compared with tha 

experimental intrinsic viscosity. It will be shown in a later 

section that the moleoular weight obtained by the dieperaion 

method is apparently aimilar to a vieooeity average molecular 

weight. 
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Reaulta up to the present time lead one to believe 

that thia method ahows great promise in the field of molecular 

weight determination. Possibly it will also give a quick and 

very accurate determination of molecular weight distribution 

curvea of either homogeneous or heterogeneous polymer samples. 

EYen at this early atage a narrow or broad distribution can 

be differentiated with little difficulty. It ia being oon-

aidered at the present time for use in controlling polymeriza-

tion processes (12). 
A great deal of work mu.at yet be done but great 

promise is shown to date. Very interesting and informative 

will certainly be derived from determinations that 

should help one to better understand the materials that are 

called our plastic products. Information of this nature 

should broaden the use ot these products through knowledge 

of the possible size and chain oontiguration. 

As was mentioned earlier, the till• required for 

measurement should be the feature that makea the dielectric 

dispersion method very uaetul and aooeptable. 
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CELLULOSE 

ia commonly referred to as a 11&tural 

high polymer that is a mirlure o:f hoaologoua polyaerio 

materials (81). Cellulose is a compound that is produoe4 

by plants by a prooess that eheaista are unable to 

reproduoe it. 

Today without many uoeptiou people recognize 

ancl aeoept the Kaworlh structure u being the oorreot in-

terpretation (Figure l}. Evidence for and against auoh a 

etru.eture oan be foUJ'l.d in e.ny text of cellulose chellistry 

and for that reason will not be diaouaaed here (53). 
Through a degradation process it vu folllld that 

celluloae waa ooaposed of '\3 anhytroglucoee uni ta ancl that 

the alternate glucose unite were inveried. They were ~oinecl 

through oxygen bridges at the n1111ber one oarbon of one ring 

to the a1111ber four carbon of the next ring (53)(s,)(6l). 

Thia inversion of glueoae unite waa tor the unit• 

to 11• in the aame plane. 

!he individual. oellllloae ohaina are held together 

b7 foroee. These foroea might be either Van der Waala toroea, 

reaonan.oe bonding, or hydrogen 'bonding. It ie knovn that all 

of ihe ohaina are not perfectly aligned ainoe c17aiallin• u4 
amorphous regions occur in x-ray diagnu (75)(77)(53). 

It haa been eatailiahe4 that the group• on the end 

ot the celluloae chain are different fro• the inner groupa ill 
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that one of the end groups ie a reducing g?"Oup (10)(47). 

The other end glucose ri~ ~ontains !our hydroxyl groupa. 

Cellnlose 1s a polymer that is used in the prepara-

tj.on of many derivatives since it will undergo most reaction• 

that an organic A.lcohol wiJ.l undergo and the 2, 3 and 6 poai-

tions are 11ubstituted during esterifioation, or etherifica-

tion (51). 

ETHYL CELLULOSE 

One of the moat iaponant produota obtained fro• 

the etherifioation of cellul••• ia the ethyl ether, or what 

may be referred to aa ethyl oelluloae. Thia product ia used 

in large in induatr, for tibera, aolded aniol••• 

coatings, lacquers, and Tarniehea. Th••• Ila.DY demd 

that the pol.yller be tough and haTe a high atrength an4 

It can be enruded, in~ection aolde4, ooaprea-

aion aolded an4 oast. 

Ethyl oellu.lose may be prepared by :tint treatinc 

the native oell\tloee with an 1• IaOH aolution~ Soda oellul••• 
ia formed (52)(74) and treated with et}ql ohl.oride (57). The 

principal reactiona may be expressed ass 

C•ll(OH) + NaOH • Cell (ONa) + H2o 
Cell(Oia) + c1c2~ • Cell(OC2H5) + IaOl 

Side reaction• also oocur depending on the ratio ot the oellul••• 

and water. The greater the ratio the B1"9ater the side reaetiou. 
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Also the ratio of Ia.OH to ~O ia iaporiant in that it in-

tlueno•• the degree of 

Diethyl 1a uaed on a for the 

preparation of ethyl oelluloae (56). The possible reaction 

may be in the following manner: 

Subatitution does not ocour in a unitora manner but 

in a ooapletely random one. Thia may be attributed to the 

faot that all of the hydroxyl groups have equal pro'babilit7 

of reacting. Aooorcling to Spurlin (105)1 

"the in the oelluloae derivative 
are 4iatriDute4 aao:ng the hydroqla aeoorcl1Dc 
to the lave of ohaaoe, and the three aerie ot 
hytlrezyla are aubatituted to an extent relative 
to ene aaether that ia (deteJ'llinet •7 the rela-
tive reaotivitiea of the }qdroxyla 4etend.ne4 
by their 1:aherent properiiea aa well aa b7 the 
reaction aeUwa) and the nat.re of the reaotion 
(prooee41ng to an equilibri1111 at a partially 
aubat1tute4 etate, or with a ten4ene7 to pro-
oee4 to ooaplete aubatitution, but atop at a 
partial aubatituted etate)." 

The mber of unreacted )Q'drozyl .iroupa 118,7 be deter-

111.ned b7 toaylation-ioclination and the decree of aubetitutien 
thu detendned. Ethyl cellulose 1181' be obtained in aany 

different degreee of aubatitution. The coaaon oommeroial 

product baa a D.S. of 2.20 - 2.58 vhioh oorreaponda to 44.0 -

49.5~ reaction. High 4egreea of aubetitution yield a D.S. of 

2.60 - 2.80 which ia 50,0 - 52.5~. Low conversion can be 

expressed aa 0.8 - 1.7 or 19.0 - ,5.0~ (91). 
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Ethyl oelluleaioa of higher d•Br•ea of aubatitutien 

are 'Ulifera in the diatribution of the allql group. Thia waa 

proven by Okaaura (85) and MoBeer (79) by a fractionation 

proeedure. Both ebta1ne4 fraotiona that varied only 

in degree of aubatitution with different aoleou.lar weigh.ta. 

Et}ql cellulose, aa ia ine with other pol,aera, 

naillnll and apthetio, ahould be fraot1oDate4 to be theoretically 

atudied. For this reason the theories of fraot1one:t1on aho\114 

be mentioned later. 

fhe aoeepted pioture of high polyaera in aolution, 

whether oelluloaio or otherwiae, ia that the 1Dd.1T1dual Qhaina 

or aolecnlles are ooapletel.7 diapened. Thia aeana that solvent 

hall entered between eaoh ohain and broken whatuer that 

exiated. If there is 8J17 eeouional aaeooiation, the bond 1• 

broken 'by foroea exiatin& 1n solution (107)~ 

In the eatabliahaent of a pioture pe~aining to aellu-

loae and ita derivatives it ia neoeasary to oonaider the work 

done on thia aub~eet and the conoluaions reaohed by eaoh in-

Teaticator as a result of his work. Any werk oonaidered oan 

be applied te either oellulo•• or its derivatives aiue the 

ditterenoe lies only in the faot that hytroxyl groups hn'• 

been auaaiinted. The eziatenoe of rotation around the ether 

bon4 in the chain. ia possible in either structure. 
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Iaveatigation by w. & B. Kuhn (66) showed tha, 

oelluloae molecules in aolution d14 not ha.Te a high degree 

ot ooiling bui were aore rigid in nature. 

Work by Pelaon (93) showed that the diasJ)lllletry 

factor was larger than that e%peoted tor a random coil pol1J19r. 

Kuhn (67)(68) treated the aubJeot atatiaticall7. Be 

showed that, ill the of aoleoulea adhering to the rigid 

rod configuration, the molecular weight ahould be directly 

proporlional '\o the length. Bridgeman (9) by inTeatigation 

waa able to aubatantiate this theoretical work by consideration 

of the relaxation tiaea. ,rom his work he proved that the dia-

persion region for the cellllleeioa must lie in the region in 

which Kulm predicte4 them. Cellulose fell into thia preo.ioted 

region and thus vaa considered to be somewhat rigid in nature. 

Light acattering has proven Tery enlightening aa 

tar as solution oontiguration is oonoerned. Blaker an.4 Baqer 

(4) detel"llined with fractionated cellulose nitrate tt.at if the 

D.P. e%oee4ed 100, the oellul.ose molecule approached a randoa 

coil oo~iguration. If 100 or leaa, the chain behaved aa a 

rigid rod and could be ao treated in 1he calculation of molecu-

lar weight by U.ght soatteri?J&• 

Stein and Doty (111) deterained that oelluloae acetate 

existed in the rigid rod oontiguraiion up to a molecular weight 
of 80,000. If the molecular weight by light scattering exoee4e4 

this, the chain doubled back on itself and thus aesuaed a randoa 

coil oontipra.tion. 
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Viacoa1ty is oonaidered a reliable tool in deter-

llining configuration aince in the modified Staudinger equation 

if the "a" is 1.0, or closely approaohea auoh a unity value, 

the polymer molecule is considered a rigid rod in aolution. 

For random coila the Talue 1a 0.5 and approaohea unity as the 

chain becomes a atitfer rod. 

Solvent determines the configuration in many in-

atanoes as well aa the effective length ot the chain. As the 

aolvent becomes increasingly better, the chain ahould be more 

fully extended due to the fact that th• interaction of the 

polymer and solvent ia greater than either the polymer or 

aolvent tor itaelt. 

It would thua appear that the polymer chain length, 

as well as aolTent, play equall7 iaportant rolea in oontigura-

tion. If the polyaer doea not have a moleOUlar weight over 

70,000 - 80,000 and. the solvent 1a good, it is then quite 

poaaible to aaaUBle a rigid rod configuration. 

ME!HODS OF FRACTIOBATIOB 

Bearing in mind that polymers are a heterogeneoua 

mixture ot chain lengths, one turns to fractionation. Thia 

ia an attempt to separate the heterogeneous polymer into 

groups which are homogeneous with respect to chain lengths. 

This ia not vholl7 possible but can be approached within lillita 

of ±1~ :troa the true mean (91). 
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Upon completion of a fractionation procedure an 

integral distribution curYe may be obtained. An integral 

clietribution curve is obtained by plottina molecular weight 

versus the Talue ot Ip. Ip ia 1.'ound by ad.ding to one-halt 
01' the weight percentage of eaoh fraction the s\lll of the 

weight peroentages of all preeeding fraotiona starting with 

the loveat D.P. D11'1'erent1ating an integral dietribution 

cUrYe yields a differential diatribution curre. !hie repre-

aenta the probability of finding a ohau of given length in 

a heterogeneou• polyaer. 

There are a number of methods that are used in 

fraotionation. The fractional precipitation method is widely 

ueed today. The heterogeneous polymer is dissolTed in a suit-

able solTent and then partially precipitated by means of the 

addition of a non solTent and often a loveriq of the tempera-

ture. Proper adjuetaenta of the amounts of non solTent an4 

aolTent give a two-phase syatu, the supernatant and precipi-

tated phase. The success of the fractional precipitation 

procedure is the ability to choose the correct aolTent -

non aolvent system~ It is possible to choose the. correct 

syatea b7 aeana ot titrating the non into a 

of the polper until a slight turbidity ia noticed (2)(,4). 

The traotional solution method depend• en the solu-

bility of pol7J1er moleeulea (53). The polyaer is placed into 

contact with a solvent and non solvent mixture until equilibri11J1 

is reached (30)(31)(98). 
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The molecular distillation method is useful primarily 

as a purification t•elmique but can be employed in fraotiona-

tion (18). 
The ultracentrifuge is an excellent method, and its 

only drawbaok oan be described as tts failure to handle large 

eneugh aamples. It is, therefore, more of an analytical 

teohnique but oan be used very accurately tor eatablishin& 

moleoular weight dietribution ounes (118). 
Diffusion methods are based on the fact that lighter 

moleoulea will diftuae through a solvent layer before the 

heavier chains (18)(50). 
Col'lSiderabl• work has been done in regard to ethyl 

cellulose. SeTeral systems could be noted which gave favor-

able resulte. Most of the suocesstul work was accompliehe4 

with a fractional precipitation procedure. 

Okamura dissolved ethyl cellulose 1n aoetic acid 

and then precipitated it by adding certain amounts of the 

non solvent water (85). Staudinger and Reinecke •eed 

dioxane - water systema (110); Scherer and McBeer {99) used 

a mixture of ethyl acetate and acetone as a solTent and water 

as non solvent; Scherer and Iaooviello (96) used different 

solvent - non solvent s7stema depending upon the degree of 

substitution. 

METHODS OF MOLECULAR WEIGHT DETER.MlBATION 

One of the moat important aspects of pol.yller oheaiatey 
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is the determination of molecular weight. As has been men-

tioned, many of the properties and uaea of a plaetic depend 

oa the eize of the molecules. 

The purpose of the following research was to dnelep 

a method of molecular weight determination. For this reaaon 

a review of the existing method• of molecular weight deter-

mination should be briefly ooneidered. 

The fact mu.at be borne in mind that polymera are 

heterogeneous llix"turea of chain lengths and for reason 

the molecular weight determination can only be an average. 

The existing methoda can only give a aoleoul.ar weight that 
ia accurate to ±5.C>:' ai beat. Another 4ift1culty vhioh 

exiata is that different aoleoular weight aethoda do not 

agree in aany oaaea for the sute polymer eample. 

Bearing these short-cominga in mind, there exiet 

three different kinds of molecular weight &Terages. Nuaber 

aTerage molecular weights include such methoda as oa•otic 

preeeure and end group determinations. Ultracentrifltge and 

light scattering are weight aTerage method.a. The viaooait7 

method giTes what is referred to as a vioosity or poaaibl7 

"0" average. A doubt exiata aa to the exact category of the 

dielectric dispersion method. 

As a basis of definition the nuaber aTerase 

on counting the nuaber of particles that are present. The 

nWBber average moleoular weight in equation form isa 

/II; = £,1.: ,,,,_· 
,,,· 

where n.. is the and 
•1 is tle moleeular weight 
of ~he 1th specie• 
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On the other han4, the weight av•rB&• moleeular 
weight 1a dependent upon the actual weight of the particle. 

The equation for the above may be exprease4 us 
rt\.- .'2-, IIW .: "'VV\v 

2~"-A~ 
where the epbola ue4 are the••• aa above. 

The muiber and weight average aoleoular weighta 

be ~he or one hundred peroent different dependinc on the 

hoaosen•ity of the aaaple. 

The most reliable method for detel'IDining the llUllber 

average aoleoular weight is the oaaotio preaeure method. It 

ia one of the oldest uaed today and has proven itaelf to 'be 

aoourate within the lillite of error. !hie method, how...-er, 1a 

often carried out in oonjunotion with other methods. 

At infinite 41lution the oaaotio preasure ia propor-

tional to the nuaber of pariiolea present, and the moleOUl.ar 

weight ia iDYeraely proportional to the osmotic preasure aa 

given by Van•t Hoff's law. 

where lr • oaaotio 

0 • concentration 

M moleeular weight of the aolute 
Ji• gaa oonatant 

! • abaolute teaperature 
The moleeular weight may aiaply be detemined bJ plotting Tf/c_ 
Teraus C and extrapolating to infinite dilution. At thia peint 

the reciprocal is taken and the aoleoular weight ia obta1ne4. 
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Thia mathoi 1a especially applicable to lower aolecular weight 

hi.g!a pol111era. As the aoleoular weight increases the choice 

of a aembrane tor uae 1n the osaoaeter becomes exceedingly 

difficult (6)(35)(81)(91)(103). 
The ohellical end group ae1iho4 is another applicable 

nwaber average moleeular weight method. This is one of the 

earlier method• but ha.a been aurpaaaed in aocuraoy and 

reliability b7 other ae'ihocla. If a oeriain greup ia lmo'W11 

to enat on the end of a ohain and it aay be detected thro'tlp 

ita oheaioal properiiea, the moleoular weight oan be deteniaei. 

In the oaae of the oellllloaica the moleeular weight is meaaure4 

by determination of a eopper or io41n• nuber. Thia eaabl•• 

one 1io aetually oount the nuaier of end groups present and 

thu the muaber of chaina (6)(~). 
The weight aTerage aoleeular weight ia preferred by 

aaay iBTestiga'iers. For 1ihia reason light acattering meaeure-

aenta are Tery important ant frequently appear in the ohellieal 

literature of today. Light aoattering not onl.7 is a eatia-
taotoey aethod for aoleeular weight determination but aleo 

g1Tea -oh -n.luabl• information rep.rd.in& the shape o:f the 

moleoule in aelution. 
The aethod is baaed aimply on the scattering of 

light bJ pariielea. The larger the particle, the greater the 

aaout of l:lght it aoatters. Froa ihe soattered. light, C- • 
the turbidity i• By uk:iag a plot of #c./t Terna 

oonoent:rat1on the aoleOUlar weight is the reoiprooal of the 
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f/c,,/"'& at infinite dilution. The equation tor moleoular weight 

involving turbidity oonoentration and the oonatan.t Hie (8)z 

where B • aeoond virial ooeffioient 

H • 3J-TT 3 'tl,..,,. ( 'ft- -1\0)1. /c.,_ / 3].. I/ N 
where C • aolution conoentration in gre.ae/ml. 

n • refractive index of aolut1on 

n0 • refractive index of. solvent 

")..•wavelength of the incident light in cm. 

K • 6.02; X 1023 

Many times a polymer solution presents difficulti•• 

that arise from too hi&h a d1sayDDHtry or a oombination ot 
other problems. In thia connection Zimm plot• are advised. 

Theee lead to great aoouracy as an extrapolation to &ero angle 

is made. An equivalent term to l/,J1 , Xo/Rg plotted versua 

ein2&/2 + ko. The molecular weight is the reciprocal of~• 

extrapolated value. The result of such a plot ia a grid-like 

graph. The aoouraoy in this determination atema froa two 

faotors. First, measurements are made atmore angle• (troa 30• 

to 145°) and second, a double extrapolation ia neoeasary. BWl-

ber average aa well as weight average may be obtained in certain 

oaaee (106). 
The ultraoentri~e or eediaentation aethod makea uae 

of a high speed centrifuge which measures the rate of aedillenta-

tion of the colloidal partiolea. The objection to this method 
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ia the grea, ooat of the inatl"Wllent and difficult teohnique. 

Even though the measurement gives weight average molecular 

weight, it will alao lead to an aocurate conoept of the 

hoaogeneitJ of the sample (65). Particle shape, salvation 

and impurities ean be evaluated. 

By an obaervation of the change in conoentration 

with time alon& a ooluan the diffusion constant oan be 

determined. E'valuating the velooity of sedimentation, the 

molecular weight then follows froa: (6)(,5)(53)(81)(91) 

where D • diffusion rate 

S • sedimentation oonetant 

V • partial specific voluae of aol~te 

e • density of aolution 

M • molecular weight 

Perhaps the aoat widely used ae,hod of molecular 

weight determination is the Tiacoaity method since it ia the 

yet very reliable. Viaooaity le & aeaaurement ot 

the resistanoe of aotion ot one layer of liquid as it pa.es•• 

over another vhioh inoreasee as the moleoular weight inorea••• 

due to the reaistanoe to flow offered by the aolute moleeul.ea. 

In dilute solution the molecular weight ean be deteraine4 (6) 

(53). Thia method was developed )y H. Staudinger (6)(5,)(91) 
(108)(109) who stated that at low conoentrationa if a polymer 
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ia rod shaped, the weight average moleeular weight 1a propor-

tional to the apeoifio Tiagosity: 

or 

where ?JsP • specific Tiscoei ty 

7/ • viacoeity of polymer solution 

1Jo • Tiacoai ty of pure solvent 

1J~~, • relat1Te Tiaooeity 
t I & X • oonatanta 

M • moleoular weight 

P • degree of polymerization 

C • concentration in grams per 100 ml. 

This equation of Staudinger's is baBed on assumptions the validity 

of whioh is doubted oTer the whole range. 1. Celluloae and its 

4erivativea -st be d.1aperaed in the fora o! a single aoleoule. 

2. Viaooait7 aeaaureaents are independent of the nature of the 

aolTent. ,. ?he expression 1J'P/~ is independent ot C (3)(5)(7). 
Kraemer (116) realized that all results did not agree 

and introduoed the tera 1ntrinsio viaooaity23/J which is the 

liaiting Talue or extrapolation of 7/sp/c,, to infinite dilution. 
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The Stauclinger equation then becoaeas 

where [7/] • the intrinsio v1aooa1 ty 

X & a• conatanta 

M • molecular weight 

It baa been ahovn that "a" ahould be 0.5 tor random coil 

molecule• and approach 1.0 as the aoleoulea become more ro4 

like in naiu:re (102). Light aoatterin& and ultraoentri:tuge 

may be used to deteraine the "K" and "a". 

The aoet recent metho4 for oaloulation of molecular 

weight is the aethod ef dielectric Aa has been 

ahovn in the author's Maaier of Science theaia (46), thia 

method is applicable to oelluloae acetate. It will be shown 
later that it ia likewise applicable in the oaae ot etql 
cellulose. The method is baaed en the taot that ohaina 

tollew an alterna,ing ourrent field until a point is reaohe4 

where they are unable to do so. Thia caues a 4eoreaae in 

oapaoity which can be measured and related to the frequenoy. 

!he eapirioal equation that is used can be ahovn to bes 

log M.W. •A+ B (log JO + 1) 

where A and B • oonatanta 

M.W. • aolecnllar weight 

Vo • critical frequency 
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The oritioal trequenoy 1s the point at whioh the dispersion 
ia fifty percent aompleted. 

In diaousaion of results it will be shown why the 
aoleoular weight obtained 1a similar to a viacosity or "C" 
aTerage. 

DIELECTRIC DISPERSIOB AID LOSS 

§tatio Dieleotrio Coutant 
The presently aooepted interpretation of dieleotrio 

behavior owes a great deal to the theory ot Debye (24) a~d 

subaequent retineaenta of hia work. 
In couidering dieleotrio phenoaena the atatic dielec-

tric oonatant should be briefly coneidered ainoe •DY equatiou 

were deriTed troa it. From the dielectric oonatant the dielec-

tric dispersion oan be obtained and better underatood. 

The dielectric constant aay be expressed aa the force 

between the two point ohargea e and e' separated by distance "r" 
in a homogeneous unbounded dieleotrio. The dielectric constant 

ia aeaaurable by obtaining the ratio of the capacitance ot a 
condenser tilled with an unknown to the value tilled with air. 

/' - -'-
C' - Co 

Debye b7 a developaent of the Clausiua-Moaotti equation 
developed an equation for the molar polarization by considering 

one poaaible situation of a molecule in a field (104). Thia waa 

that of a oavity field. The cavity considered was a oylindrioal 



(23) 

oaTit7 beiween two plates Tery near io eaoh other. Fro• the 
equation below the dieleotrio ooutant oan be obtained aa 

will be ahown later. 

(J) ? : f.::J .m.. e: +.L cl. 

where P • aolar polarization 

d • d.enait7 
M • aoleeular weight 

B • nuaber of moleoulea per mole 
-C • diatortion polarization 

-"• • polarisab1lit7 
-'(..•dipole· aoaeat 

e • dieleotrio oouiant 

17 aubatituting E • "lz-• where n ia the retraotiTe incl~• the 
Lorente-Lorena expreaaion ia ebtained for the molar polarisation. 

There are, however, certain liaitationa or ob~eotiona 
(1,) to the equation in the present fora. 

Aooord.ing to the Deb7e equation there ahould be a 
linear depend.enc• of ihe pelarization upon the reoiprooal of the 

abaolute teaperature. Thia ia shown by gaaea, •••e polar llqllicla, 

and aolida, where a certain degree of molecular freedoa exiata. 
If there 1a any degree of hindered rotation, the Debye equation 
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1• not aoourate for known aeaaurable valu••• •or inatanoe, 
the Deb7e equ.tion can be ahown to pretiot terroeleotrio be-

havior of water throughout the entire liquid r&DB•• The De'bye 

equation holda when€ •~ In p.aell€=co • l aa well aa E • l. 
Deb7e•a equation takes into aaoount only a single 

relaxation ti•• rather than a cliatribution of auoh which ia 
known to be present in aany eubatanoea. Aleo, in the Debye 

equatien, the shape of aoleoulea is not taken into aooount nor 

ia the exiatenee of a maoroaooptc viaooait7. Many atteapta 
have been aade to modify the Deb7e equation and in doing ao 

to obviate aoae of the ditfioultiea. 

Van Arkel and Snoek (119) developed a aelli-empirioal 
equation which introduoed into the denoainator the dipole-

dipole interaotion energy of moleoulee and apparentl7 eJiminate4 

ferroelectric behaTior. 

where n • nuaber of molecules per oo. 
'\.,., o •constant• 1.,5 

Vy-man (121) developed an eapirioal eq\18.tion which helcl 
11t1I1ria1Dgl.7 well for aany liquid.a. Onl7 those that were atrongl7 

aaaooiated failed to obey hia equation. 
Thie work directly led Onsager (90) to treat the au\-

Jeot of a cavity field which vaa divided into two parta. Thia 

aeu.t that as well as a cavity field a reaotion field was alao 

present. fhe reaction field ia produced b7 the action of dipole• 



(25) 

o~ other This would lead to reau.lta that are quite 

different fro• Debye•a, if there were a large permanent dipole 

moaent, and agree quite closely if only a amall aoment waa 

present. By a rather rigoroua -..thaatioal treatment, vhioh 

oan be found 1n atandard textbooks on dielectrio theory, he 

obtained the equations 

Kirkwood (62)(63) extenae4 the treatment of Ouager'a 

equation in that he treated more accurately the exiatenoe et 
hintered rotation about the Kirkwood took int• 

aooount forces such aa Van der Waals forcea and hydregen bond-

ing. He also eliminate« the approximation of a uniform looal 

dieleriric oonatant. His equation was not too different from 

that of Onsager'• except that he introduced a second dipole 

mo11ent term, that of whioh ia the awa of the moleoular 

dipole moment and th• moment induced aa a neult of h1ndere4 

rotation. 

It may be ahown that the Kirkwood equation is more exaot tba.Jl 

either the Debye or the Onsager equatiou. The Onaager equation 

enaDlea one to apply caloulatione to the polar eolvenis. Rov-

ner, it aay be conoluded that the Debye equation ia suitable 
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tor oaloulation of the aiatio dieleotric cona,anta tor gaaea 
and dilute aolutiona ot polar solutes in non polar aolTen,a. 

Froa thia cliacuaaion of the atatio dieleotrio oon-

etant and the equationa fro• whioh it •1.b• aaloulated, 
clielenrio tiaperaion may now be oonaidered. 

D11111tr10 p1aunion 
Dieleetrio diaperaion may simply be expr••••d aa the 

decreaae in the 4ieleetr1e oonaiant with in.creaaing tnqueno7. 

Diapersion ia the lag of the aoleoulea reaul tine in the t aot 

that they are not in eqllili~riua with the applied field. 

the firat reoorted deonaae in the dielectric oona"8at 
with inoreaai:na trequ-7 datee back to the niaeteenth oentur, 
(29). 

!he presently aooepted Tievpoint ••••• to be that 
the efteot of diaper.ion a reaUlt of combined erientation 

and 41atortion rather than a J>1lN diatoriion of the moleoulea 
(24). !he dividing line between th••• two etfeeta ia the 
rela.zation tiae of the moleoulea. The relaxation ti.lie ia the 
tiae required tor the momenta of the aoleoul.ea to rn-eri 
praotioally to a random diatribution after the field haa been 

reaOTed. The diT141ng line is then expressed aa (:,(J 7:-._ / 
vherew • 1Ti 

1: - ""?'I~ 3 1cr 7l • t7 

"a"• ratiua of molecule 
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It is olwioua that different size molecules Yill have a great 
variety of relaxation times. Not only the size of the molecule 

but alao the frequency and viscosity will aasUllle important roles. 
For small moleoulee c' • 10-11aea. and for large 

moleoulea of high Tisooaity '1: • 10-' to 1016 aee. For polymer 

moleoulea '1: shows a large range and an ex811ple of auoh may be 

shown (73): 

Polfter 
poly(Tinyl) formal 

" 
" 
" 

aoetal 

acetate 

hexanol 

'?ABLE I 
(seo) 
1016 

106 

1.5 X 10-9 

4 X lOf 

If dielectric dispersion is considered, one must take 

into acoount the Brovnian movement. By differentiating the Deb7e 

equation (1) one obtains: 

fhia equation then takes into account the exiatenoe of a relua-

tion time. Many times in actual experi.Jlental work the exiatenoe 

of more than one relaxation time ocours. This vaa, as will be 

raembered, a limitation of the Debye equation. The eub3eot 

rill be briefly disouaeed in a later section. 
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By aolviq equation (6) tor the dielectric conetant 

there is obtained 

(7) t. :. 
/-1- P (w) 
I - .s;L p (w) M 

It bounda17 conditiona are 1apoae4, that is: 

CJ~o; 6 0 ~ 6 

c.J~-<' . G -= € ,) .e 

and th••• conditions are nb•t1iute4 in equation (6) at boih low 
trequenciea (Ba) and high trequenoiea (8b) then: 

It ie then poasible to write the expreaaion: 

It equatiorua (8a) and (lb) are aubatituted in (6) a.114 

equation (9) in (7) then an expreaaion ia obtained that will 

enable one to obtain the dielectric oonatant in expanded fora. 



€0 ' ~!R 

e"o-1-'- -I- ( w tL ~'10-+ .2... 
(11) t 

I I 

t.+~ + c' c..i.J t- € + ..2... 
0 

Th• real an4 illaginary ooaponenta of equation (11) uy be 
aepara~ed by aathematical manipulation. 

I : E.tt-1- € - E oo (12) 0 

I + >( .2.. 

G h 
ES - ~cc, 

0 

( 1,) =- X: I -,L 

where x • 

The•• equationa (12)(1,) were modified to a eillple 

form by Frohlich. 

(14) 

,, 
(15) 6 
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Equation (14) required that C I decrease from Go to 

E:Cb w1 th an inoreaee in frequency. In the same frequenoy ranae 

E'' au.at increame :troa a small value through a aaxl awn to a small 

value. Many l1qui4a (Figure 2) below conform to these cur,-ea. 

The relaxation time, as before explained, may•• evaluated from 
I II the 118.Xillum slope of the E or the maxillua value of • 

The abOTe m.a:the11a:tioal treatment u.y be turlher shown 

by an aonal oaee of a oapaoitor "0" with a r•aiator "R". 

C 

The capacity will decrease fro• a large value to a aaall value 

while the reeietanoe will 4eoreaee from an extr•ely large value 

to a small value and again increase to a large value. Thia 

behavior is perf eotly analogous to that ot the E' and E '' • 

An illuatrative example would be that ot polymer aol•-

oules in a suitable solvent. If a polymer solution is plaoed in 
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a direct current field, the molecules will orientate themselvea 

with rea:p9ct to the field. Thia orientation cannot be perfect 

due to thermal motion and entanglement but the reaultm t orienta-

tion will be an average value. Before the field was applied the 

momenta of the molecules were completely random. If the field 

ia removed, the molecules will revert to their original random-

ness. The time for such reversion to take place has previoualy 

been defined as the relaxation time. 

What would be the result should an alternating field 

be applied in place ot the direot current field conaidered aboveT 

In a low frequency field the period is generally large compared 

to that ot the relaxation time. Thia being true, the molecules 

preaent should have sufficient time to align and realign the:m-

aelvea with the field during each cycle. 'l'he dielectric con-

stant muat then remain large, €0 • As the trequenoy 1a 

increased a point will be reached where the orientation lags 

behind the reversals of the field and thua the dieleotric con-

stant decrea••• below €0 • The lag produoed will be the greateat 

when the period of the treq1.1ency is or the aame order aa the re-

laxation time. 

'!'here ia present at the aane time a component of the 

total current which is in phase with the field. Thia, in phaae, 

component repreaenta a consumption of power by the dielectric. 

It will increaae up to a point where the frequency and the 
L ,, relaxation time are the same, and at this frequenoy the~ will 

be at ita maximum. 



.As th,:- frequency 1s 1ncreaaed atill fUl'ther ad41 tional 

moleoulea will be unable to follow the f1el4, an4 a frequeney 

will be reached vheN none can follow. At th1a point the G' 
deCN&t'188 rromtEo to Goo • At the same ttm• e" haa gon• t'Poa 

a low value at low frequ.enciea through • auinnma at ec,1:'a / anlll 

back to a low Talue at high f'requeno1••• 

It 1eem1 plaueible to state that the long moleoul•• 

ahould be the r1rat to drop out, not being able to follow the 

field due to th• Tiaooua drag ot the enY1ronment. The ahorteat 

ahould 'be th.e la.et to drop out. Thia should then enable one to 

obtain a d1atr1bution or chain leng,ha •• well aa an exoellent 

or moleeular weight from th1• dielectric diapera1on. 

Method• of Meaaurement 

The uaual method.a 1n uae today tor the meaaur-..nt ot 

d1electrle conatent and. d1electr1e diaperaion are arranged_ in 

five groups. In general they may b• grouped a, (l) bridge method,, 

(2) reaonance methoda, (J} roro• method.a, (4) oal.orimetrio uthoda, 

and ( 5) eoapari~on methoda. 

The bridge method 1• the moat generally uaetul method. 

The principle on which thia method 1• baaed 1• that the YOltage 

between two corners of tne bridge 1a 'brought to zero by the 

adjustment of capacity and resistance. Thia balance oceura when 

the ratio of the impedances of two adjacent bridge arm.a 11 equal 

to the ratio of the impedance• of the other pair of adjacent anaa. 

Poaaibly the outstanding feature of the bridge method 11 

••raat111ty. 



With the bridge method a great many variation• may be 

used: (1) substitution method, (2) 6.irect method, and (3) parallel 

resistance method. A diagram of the bridge deacribed above may be 

seen in the experimental section of thia work ( 104) • 
Much work has been published uaing bridge •thoda or 

variations thereof (1$)(20)()9)(43)($4)(70)(86)(87). 
The resonance method of measurement ia applicable over 

the frequency range of 100 Kc to JO Mc. Such :measurement• are 

made by using a high frequency alternating current aet up in a 

primary circuit. This circuit is loosely coupled to a aecondary 

circuit containing capacitance and inductance (Figure J). 

C. L 

Figure ,3 

y;Jr-i-1,/., 
osc,ll.-lor 

The frequency at which maximum voltage occurs 1• known 

aa the resonance frequency and may be related to the inductance 

and capacity by 
f:: y;_ 7TYLC 

Thia measurement has been applied to many determinations or dielec-

tric constant ( 11 )( 20)( 32)( 122) and dielectric dieper~ion ( 115). 
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A balance is obtained by adjusting the capacity in the 

secondary circuit until the current is at a maximum. The cell to 

be measured ia then placed in parallel w1 th the oapaci tor which is 

lowered until the voltage ia again a maximum. The difference then 

in the condenser readings is the capacitance of the cell. The 

power lo•• may be ascertained from the width ot the curve in 

voltage versus frequency plots. Some typical circuits 

may be found in the references (9)(32)(122). 

The force method involves the deflecting tore• exerted 

by an applied electric field upon a conducting ellipsoid auapended 

in solution (88). 
Calorimetric methods are applicable only to the measure-

ment of dielectric dispersion but can be used over the entire 

frequency range. The voltage across a cell, closed except tor 

a amall capillary tube, is care:fully regulated. The solvent 

expands into the capillary tube as a measure of the energy 

abaorption (25)(76)(78)(101). 

Comparison methods involve the comparison ot magnitude 

and phase or voltage across an unknown and standard capacitance. 

An oacilloaoope 1a used as the means of comparison (16)(12)). 
Phase compensation methods are used in many instances 

eapecially for micro amounts of sample. The difference in phase 

ia compensated by the use or a variable precision condenaer (59). 
Swinging pendulum methods, cavity resonance 

cavity perturbation methods, and heterodyne beat methods ue 

described in the literature (17)(36)(55)(117). 
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There are many different types of capacitance cells. 

Each investigator usea one of his own choosing, each serving th.a 

on• apecitic purpoae but also presenting special features. 

Presence or More Than One Relaxation Time 

Debye treated aoleculea aa spherical and thua the 

molecules had a single relaxation time. In reality, DlOleoulea 

are ot many aizea and thua multiple relaxation times ao that a 

ot relaxation time1 would then be expected. 

Multiple relaxation timea may be clearly shown with the 

uae of plots ot €' and € " verau1 log Gu • 

{01 w 

( a) Actual Deb7e (b) Multiple relaxation 

Figure 4 



"""¾ Equation (1) haa been treated by Perrin and· 7(lr,.t.1't} 
haa been replaced by 

Cole and Cole (1)) developed an empirical equation 

which tended to explain aultiple relaxation tim••• 

€-o - Gao 

where E;-Y • complex dielectric oonatant 

Co • moat probable relaxation tiae 

oL' • an empirical constant with values t'rom O to 1. 

'fhia equation on separation or the real and imaginary 

components result• in (17) and (18)s 

(17) E' - Eoo = (~o-~oo)[/1-fAJ"t.) 1-~(.C. n'/'3-)J 
I r-.2. (wa, )'--' ~{.c "'-'- l.J-i.f-~J 

When.C • 0 the equation would reduce to the simple Debye equation. 

When ol..• 1 a uniform distribution of relaxation tillles 11 present. 
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If' the Debye equation be combined and written in the ..2. 
I.' f+€)""€"..l.(~-t \ f'orm or the equation for a circle, \ € - • aa + c O -.. 007 

Figure 5 

it can be seen that only one relaxation time 1• present. The 
plot will be that ot a aemicircle (49). It an arc then 

a distribution of relaxation timea is present, and aa the dia-

tribution becomes greater, the line will moTe toward the axis 

( 73). 

., 
Figure 6 

The relaxation time can be calculated and a complete diaouaaion 

ot such ia g1Ten in Smyth (104). 
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Experimental Work on Dielectric Diaperaion 

In the chemical journals there a large voluae 

ot experimental work concerned with dielectric di1peraion and 

lo••• The great majority of such deals with high frequency 

measurement• well aa work on polymers. Thia is very 

useful, however, since it leads to an understanding ot the 

chemical nature ot moleculea. Much work haa also been done with 

different classes ot polJD19ra auch aa celluloaica, 

etc. 

The work reported here deala exclusively with po1Jlll8r 

aolutiona at low trequenciea. Some work will be shown in thia 

section that deala with all or dielectric diaperaion 

and loaa. 

Girard, Abadie and Charbonniere (42) investigated 

solid poly(vinyl chloride) with regard to the identification, 

not the determination, of the average degree ot polJD1er1sation. 

By a fractionation procedure sharp tractions of molecular weight 

23,000, 40,000, 72,000 and 12$,000 were isolated. The lower the 

D.P. the lover the junction occurring between the lo•• eurvea and 

ionic loaa curves. 

Dielectric loaaea in aolid poly(methyl methacrylate) 

were studied as a tu.notion of the temperature. The low tempera-

ture peak in the loaa waa believed due to a moveaent ot 
the aide radical• which included the 01C-COCH2 groupa. Th• 

movement of the polar 1n the chain• tended to explain the 

high quality of the polymer aa a glaaa (82). 
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c. P. Smyth (104) inveatigated solid long chain fatty 

acid eaters ot palmitic and atearic acid1. From reaulta ob-

tained it was poatulated that long chain molecules orient aa a 

whole by rotation about the chain axis. Different isomers were. 

found to behave quite differently in their orientational treed.om. 

Th••• conclusions were obtained trom dielectric dispersion and 

lo•• m,eaaurementa (19). 

Inveatigations by Otfengeld (84) on alkyl poly(meth-

acrylatea) were concerned with the glaaa temperature, Tg. 

Methyl ahoved a diaperaion region below Tg where ethyl, n-butyl, 

and iaobutyl appeared in the transition temperature. These 

results were confirmed by other inveetigatora (27). 

Voet (120) round for polystyrene in toluene that•• the 

concentration waa increased, the dielectric oonatant remained 

eaaentially the aame as that of the toluene until a critical 

concentration was reached.. At concentration• above this value 

the dielectric constant roae rapidly in a linear taahion to a 

point much too high even for the dielectric conatant of the aolld 

polymers. 

Debye and Bueche (26) inveatigated the same system and 

observed no such ettect for pure polystyrene-toluene ayatems. It 

a am.all amount or methanol was added, an ettect aim.ilar to a 

critical concentration was observed. The results ot Voet were 

thua attributed to experimental difficulties. 

Hammerle and Kirkwood (44) modified the Kirkwood-Fuosa 

theory of dielectric phenomena to include hydrodynamic interaction• 



(40) 

aa well aa a method ot root-mean-aquare dimensions which agreed 

with thoae obtained from light scattering and naooaity. 

Another article by the above two authors (45) ahowed 

that the square root of the molecular weight ia not inveraely 

proportional to the frequency or maximum diaperaion. 

Two papers by Strella and Zand (112)(113) on poly(ethyl 

methacrylate) and poly(n-butyl methacrylate} studied dielectric 

properties aa a means of arriving at molecular structure. Two 

transition regions were tound. These regions were further apart 

in temperature in then-butyl pol}'l!ler. The ethyl polymer chain 

appeared atitter than the butyl. Furthermore, a m.arked dependence 

ot the relaxation time on temperature was noted in both polJJD8r 

sampl••• 

Poly(methyl methacrylate) was alao 1nveat1gated ex-

perimentally in order to aacertain the dependence of the dielectric 

constant on the absorption ot water (95}. It was determined that 

low temperature absorption oould be induced by atoring over water 

or immersing the aample in water. Thia would•••• to account tor 

the Y tranaition occasionally found in JHthacrylate polJ]llera •. 

Erbring and Takei (33) found that polarization deer••••• 

with concentration in atudying cellulose acetate in d1oxane. Thia 

waa due to the formation of associated compounds. In methyl 

alcohol - Me~O the polarisation 1• constant. No rea-

sonable explanation tor such phenomena could be offered except 

that chemical and physical properties must be conaidered in 

Mn~. 
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Funt and Mason (37) 1nve•t1gated pol7(vin7l acetate) 

in toluene. The molecular weight• ranged from 1$,000 to 100,000 

and the frequency range covered l.S Mc to 10 Mc. A narrow range 

of relaxation timea wae found and waa onl7 a qualitative agree-

ment with the Deb7e Theory. 'l'he diacrepanciea seem to be that 

abaorption curves inoreaaed with increasing frequency. Dipole 

momenta were oaleulated from dispersion and loss m.easurementa. 

Dielectric conatanta of rubber-like materials were 

measured over a wide trequenc7 range and they were in agreement 

vi th the theor7 of Fuoea and Kirkwood. Tb.er did not ahCII' agree• 

ment with the theor7 ot Deb7e due to a wide diatribution ot 

relaxation times (11). 

Ter7lene (94) was found to po••••• three difterent 

and distinct diaperaion regiona. The first 1• related to the 

relaxation of the dipoles in the main polymer chain. The aeoond 

vaa attributed to the presence ot OH groupa, and the third waa 

aaaociated with the conduction of charge th.Pough the material. 

Aba41e and (1) investigated the eftect ot 

temperature on dielectric lo•• with cellulose and atarch. It 

waa tound •• the temperature was increased the dielectric lo•• 

inoreaaed. The inoreaae in temperature aeemed to influence the 

enviromnent through which the chat n rotated. Meaeureaenta were 

made trom 100-to 100 Mc. 'l'h• critical trequencie1 ahitted htom. 

800 Kc to 10 Mc. 
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Poly(aethyl methacrylate) in toluene (21) waa inveati• 

gated and it was round that the dieleotrio oonatant varied with 
} 

conoentration. lfhe lllOlecular weight• varied from 209,000 to 

1,7SO,OOO. It vaa al.ao found that the dipole momenta calculated 

trom aeaaurementa made were related to the molecular weight a• 

vaa predicted by Kuhn. 

Pol7(meth7l methacrylate) vaa even more thoroughly 

1nveatlgated aa tar aa dielectric oonatant and loaa vaa concerned 

(22). Moleoular velghta ranged trom 14,000 to l,7SO,OOO and the 

aolvent1 uaed were bensene and toluene. Frequency range waa 10 Ko 

to 3$ Mc and .. aaurement1 were made at ranging troa 

-)o0 c to 2S°o. By invaatlgatlon it vaa proven that the atatic 

dieleotric conatant independent of molecular V'eight for a 

given concentration. It va1 alao round that the dipole moment 

vaa proportional to the aquare root of the molecular weight. 

The moat atrUdng reaul t vaa the tact that 1 t olaimed the JllOleou-

lar weight vaa independent ot the critical trequeno7 (tc). From 

reaulta given below thia doea not ••• to be entirely the caaes 

M.W. to - -
1,7SO,OOO 4.2 
1,2so,0OO 4.s 

917,000 6.7 
soo,ooo 7.0 
9S,ooo a.o 
14,000 8.6 

TABLE II 
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Brouohere and Beek (23) found for polyvinyl acetate in 

toluene that the aquare root of the molecular weight waa propor-

tional to the dipole moment. The dipole moment waa also found 

to be directly proportional to the root-mean-square end to end 

diatance. They discovered, aa was also claimed in the abOTe 

paragraph, that the critical frequency waa independent of aolecu-

lar weight. Thie is a direct contradiction of Kirkwood-Fuoea 

theory (64), Kuhn'• theory and the author's Master of Soienoe 

thesis. It vaa claimed that the deviation oould be explained by 

the simple model used b7 Bueche and by Rouae. The authors of 

this work made the suggestion that new experimental work be 

carried out to aee if these results were correct. In both of 

the preceding articles the claim of no dependence of critical 

frequency is poaeibly due to two conditions. The first is that 

tho frequency region is too high for a molecular weight dependent 

region and also in many cases the result is obaoured by the ooa-

bination of two or more diapersion regions. 

Kirkwood and Fuoae (64) treated in a theore,ical manner 

the relationahip of relaxation time to the diatribution of chain 

lengths. It was found to be a direct proportionality. 

Testerman (100) found agreement with resonance absorp-

tion but not of the Debye type in the frequency range studied. 

Nitrocellulose was measured in aoetone from 100 Kc to 500 K@, 

and a resonance method using substitution aethoda was employed. 

A held random ooil postulated and a direct correlation 
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vaa round between diatrlbution curves obtained bJ fractional 

precipitation. 

Pauley and Teaterman (92) found that Teaterman'• 

diaperaion (100) vaa due to a copper-celluloae nitrate complex. 

The dielectric dispersion 1• due to the formation ot pol1J11•r 

aggregates due to croaslinking ot pOlJmer molecul••• Aa with 

Taaterman•s work, it would aeem that the diaperaion region 

obaerTed was a secondary region and not that or a primary nature. 

The region observed waa ao narrow that it vaa not likely to be 

anything but rotation ot aide chains or poaaibly a longitudinal 

spinning. 

In the author•• Maater of Science work 5~ aolutiona of 

cellulose acetate in dioxane were measured from 50 cycle• to 

S Mc by a bridge method. A dlaperaion region vaa observed troa 

which the critical frequency could be obtained. The critical 

frequency ia the frequency where the diaperaion ia SO% complete. 

The critical frequency could be related to the degree of pol,-eri-

sation through an •pirical correlation. 

log D.P. • 2.60 - .67 log (Ve:.+ 1) 

where V~ • critical frequency 

Molecular weights can be calculated in record time. The preaent 

work is a continuation of such atudiea on ethyl cellulose fraot1ona. 

The re.ferencea contained in this .. ction are only a 

minute .fraction of work done, but it la hoped that it will g1Te 

an idea of the many different viewpoint• as well•• information 

that can be obtained concerning chemical structure. 
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EXPERIMENTAL E:sUIPMENT1 PROCEDURE, AND RESULTS 

Material.a Used 

The ethyl cellulose used throughout thia inveatigation 

was a commercial grade obtained from Hercule• Powder Company ot 

Wilmington, Delaware. 

Grade 

N-200 

Ethoxz Content 

4s.1;, 
ViacoaitJ 

169 centipoiaea 
in S.~ solution 

The acetone, c. P., was obtained trom Commercial Sol-

vents Corporation of Newark, i~ew J·••••Y• 
~thyl acetate waa also obtained from Comlllercial 

Solvents Corporation and was commercial grade. 

Dioxane, puri.fied grade, was obtained troa fl.aher 

Scient1.f1c Company, ~air Lawn, New Jer••Y• 

Benzene was also obtained .froa Fiaher Scientific 

Company and was certified grade. 

Carbon tetrachloride, certified grade, vaa obtained 

.from Fisher Scientific Company, Fair Lawn, Kew Jersey. 

Normal butyl acetate also vaa obtained .from Fiaher 

Scientific Company and vaa certified grade. 

The toluene uaed in thia inveatigation was obtained 

from Baker Chemical Company of Phillipsburg, Nev· Jeraey, and 

and was certified grade. 
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Apparatua 

EaaentiallJ the aame apparatua waa uaed in thia 1n-

veat1gation aa waa uaed in the author's Master ot Science theala 

with alight modifications and additions. The bridge aethod vaa 

uaed_due to its applicability at low trequenoiea and the pree1-

s1on that could be obtained. A block diagram or the apparatua 

may be seen in Figure 7 as well aa a photograph of the apparatu1 

•• it stood. 

The :main component• ot the piotured apparatua were 

(A) two variable oacillators, (B) !'requency counter, (C) capaei• 

tanoe bridge, (D) variable precision capacitor, (E) null 4eteo-

tor, (F) unit power supply, (G) filter, (H) decade capacitor, 

and (I) two capacitance cella. 

The Heathkit oscillator (A) waa uaed from 10 0701•• to 

100 kilocycles due to the abaence in it or hum which was touncl 

present in the General Radio oscillator. The model AG-9A Heath• 

kit has low distortion aignala over the frequency range. The 

other variable oscillator (A) was manufactured by General 

Radio Company and was type 700-A. It was uaed over the tr•• 

queney range of 100 kilocycle• to 400 kilocycle•. It oonalata 

of two high frequency oacillators, one fixed and the other 

variable. It feeds a detector from which the different tre-

quenoiea are obtained. The frequency ranges from 50 cycle• to 

5 megacycles. A vacuum-tube voltmeter ia used in the oaclllator 

tor a measure of the output voltage. 
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FIGURE 7. BLOCK DIAGRAM OP APPARATUS 
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The rrequenoy counter (B) was manufactured by the 

Hewlett-Packard Company and is type 524•A. It can be used 

to count frequency from 10 cycles per second to 10 megacycle• 

per second. The counter has an accuracy of 0.03%. The meter 

has a crystal oven, as well as a fan for tauperature control. 

It is possible to hold the count for both long or short period•• 

The capacitance bridge (C) was manufactured by General 

Radio Company and 1• tn>e 716-c. It is a modified Schering 

bridge with direct reading in capacitance at arr, rrequency. It 

may be used to measure diasipation-raotor, dieleotric conatant, 

as well as dielectric properties. The bridge 1• capable ot 
meaaurements by a direct method, a substitution method, and a 

parallel resistance method. Variations of temperature over 

the norm.al range have no effect on the accuracy of the bridge. 

The variable precision capacitance(~) waa manui'acture4 

by General Radio Company and is type 722-D. It has the teatUJtea 

of high stability, high precision of setting (1 part in 25,000 

ot the full acale), low backlash, and low dielectric lo••••• 
It an accuracy or !0.1~. 

The null detector (E) waa manut'aotured by General Radio 

CompaIQ' and ia type 1212-A. It 1s d.eaigned primarily aa a 

balance-indicator in A-C bridge measurements. It oonaiata ot 
a 3-atage broad-band amplifier with aeriea-peak1ng 

Thia null detector has a aenaitivity of approximately'° mioro-

volta. 
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The unit power supply ( F) was el so manufactured by 

General Radio Company and is type 1203-A. It is connected with 

the null detector by a multipoint connector. 

The f 11 ter ( G) was manufactured by General Radio Com• 

pany and is of the type 1231-PSM. It is used to reduce harsonioe 

end may be set to any frequency between 100 cycles and 400 kilo-

cycles by the use of an external capacity box and inductor box. 

The decade capacitor (H) vaa manufactured by Electronic 

Instrument Company and any capacity between 0.1 microfarad• and 

.001 microtarads may be obtained. 

The capacitance cell• (I) were manufactured by J. o. 

Balsbaugh and conaiat of three concentric nickel cylinders. 

They give a nominal .ir eapaci ty of 100 micro microfarads. 

The chassis was connected to earth ground and all 

leads between components were shielded. 

~•fractionation of Ethyl Cellulose 

Fractions obtained by McNeer (80) were carefully re-

tractionated in order to obtain as sharp fraction• as 

in the following manner. The refractionation procedure vaa 

one developed by McNeer and modified slightly by the author. 

Fifty grams of ethyl cellulose were dissolved in 1910 
0 grams of ethyl acetate and the solution stored at 25.0 0 

for 24 hours. 1'h1s waiting period 1n8Ul"ed a homogeneous 

or the ethyl cellulose b7 the ethyl acetate. The addition or 
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7640 of acetone was then made which dissolved the gel 

formed by the previous addition, resulting in a one-half 

percent solution. This low concentration was used to insure 

a precision fractionation. The solution was well ae;itated 

until complete solution had been accomplished and again 

allowed to stand at 25. o0 c for at least four hours. 

Non _solvent, in the ratio of 95;5 water-acetone, 

slowly added until a slight local precipitation took place. 

Thia precipitation was indicated by an increased turbidity. 

The solution was elovly ai1tated until the precipitation had 

disappeared and was then allowed to stand an additional hour 

at 25.0°c, and then placed in a 15.0°c room for a period of 

18 hours. 

The first fraction appeared at th~ bottom of a 20 

liter pyrex bottle in the form of a hard gel. The gel was 

then separated trom the solution by deoantation into another 

20 liter bottle. The decanted solution was placed in the 

25.0°c room in order to return to 25.0°c. The non solvent 

was then added aa above described and another gel 

after 18 hours. The anount of non solvent varied tor each 

addition. In most cases the addition of non waa in-

creased for each fraction. 

The gel was recovered in each case by dissolving it 

in a minimum amount of acetone. This led to a very viscoua 

syrup which was then added alowly to large amounts of 
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water. This precipitated the polymer into a fibrous material. 

which waa filtered, dried, and then stored away from direct light. 

If the dissolved gel waa very fluid, it could be r•covered by 

evaporati~n of acetone. 

The apecific viscosity of each recovered traction was 

determined, and any fractions with similar values were recombined 

and refractionated according to the above procedure. 

The weish,t and degree of polJ']ller1zat1on of the fraction• 

obtained are listed in Table III. 

Weight and D,P. of Ethyl Cellulose Fraction• 

Fraction No. D. P. Weight ~gramal 

1 29S 22 

2 170 2 

3 15.$ 2 

4 140 9 

5 120 33 
6 100 66 
7 87 4.s 
8 7$ 43 
9 50 3 

TABLE III 

Intrinsic Viscosity of Ethyl Cellulose 

In the determination ot viacoaity Oatva'.1.4 
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viacometer• aa well aa Ubbelohde dilution viscometers were em-

ployed. 'lh.e samples were prepared b7 dr)"ing one hour at l0$.0°C 

and the deaired amount waa weighed out and diasolved in a de-

sired solvent. 

From reaulta obtained b7 dielectric diaperaion in 

various solvents it was necessary to determine intrinaic v1•-
coaities in the aame aolventa. For this reason results on 

dioxane, benzene, toluene, and carbon tetrachloride are included 

in Tables IV, V, VI and VII and 8, 9, 10 and 11. W. C. 

Lawrence investigated eth7l cellulose in n-but7l aoetate and 

the intrinsic vi1coait7 values appear in Figure 12 and Table VIII 

aa well as in hi• work (69). The least aquarea method waa 

applied to each traction. 

Experimental Reaulta of Dielectric Diaperaion 

Types of Bridge Measurement - Aa vaa mentioned earlier 

there ia the poaaibilit7 ot using either the direct method, sub-

stitution method, or parallel resistance method. Another, not 

previously mentioned, 1• the d.1.tterential method. 

Direct Method - The capacitance cell 1a connected into 

the unknown direct terminal• in the direct method. The aethod 

switch ia aet on "direct" and the range aelector is aet 

at the appropriate value. The ratio oft to t 0 (where t ia the 

frequency read trom the frequenc7 counter and t0 the value ot ti-

range selector dial) mu.at not exceed a value or 3.0. For a 
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TABLE IV 

INTRINSIC VISCOSI~IES OF EtHYL CELLULOSE FRACTIONS IN 
DIOXAl'E J.T 25•0 

1rac:,ion C(c/100 ml) Cf]Cdl/g) 
Original 4.660 0.4176 2.ga 
Material - l 

4.500 0.,862 

4.234 0.:,146 
4.0:,7 0.25:,6 

:,.747 0.1870 

3.457 0.1268 

3.:,76 0.0966 

,.285 0.0787 

Original 2.740 0.4580 1.9:, 
Material - 2 

2.348 0.2290 

2.191 0.1270 
2.164 0.1145 

2.061 0.0,,5 
2.052 o.osr, 
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TABLE IV (Continued) 

Fraction r ap/C C(g/100 ml) :, (dl/g) 
F-1 4.128 o.,,:,o ,.01 

3.764 0.2279 

,.568 0.1614 

3. :505 0.0809 

,.195 0.0570 . 

3.119 0.0404 

F-2 :,.179 0.:,576 2.20 

:,.oe5 0.:,:,20 

2.710 0.1788 

2.660 ' 0.1660 

2.420 o.oa,o 
2.:,29 0.0447 

,_, :,.:,02 0.5124 1.98 
2.9:,a 0.,122 
2.626 0.2562 
2.500 0.1861 

2.4,0 0.1826 

2.,00 0.1252 
2.205 0.0,1, 

___ ,.., _____ -
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TABLE IV (oontinuecl) 

Fraction 1 sp/C C(g/100 ml} If} (41/g) 
F-4 1.745 0.5432 1.18 

1.639 o.:,e52 
1.544 0.:,:,52 

1.504 0.2716 

1.383 0,1926 

1.:,57 0.1676 
1.259 o.oa,a 

P-5 1.549 0.4860 1.15 

1.507 0.4152 
1.420 0.,116 

l.:565 0.24:,0 

1.,51 0.2076 

1.276 0.1558 

1.234 0.10:,a 

F-6 1.544 0.42:,2 1.12 

1.521 0.3776 
1.:,66 0.2116 

1.:,44 0.1888 

1.209 0.1058 

1.174 0.0529 

1.150 0.0472 
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TABLE IV (Continued) 

Fraction p sp/C C(g/100 ml) Jp]Cdl/g) 
F-7 1.177 0.3976 1.00 

1.140 0.3450 
1.oa1 0.1988 

1.061 0.1725 

1.039 0.0994 
1,022 0.0497 

1-a 1.201 0.4764 0.92 
1.074 0.2686 

1.055 0.2382 

0.959 0.0672 

0.950 0.0596 

0,9,a 0,0:,36 
Jl-9 o.666 0.,970 0.6, 

o.665 0.,006 

0.65a 0.1985 

o.65, 0.150:, 

o.646 0.0993 
0.627 0.0752 

B-l 1.682 0.3962 1.41 

1.599 0.2550 

1.577 0.1981 

1.509 0.1275 

1.470 0.0991 

l~.Y4 0.0638 
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TABLE IV (Continlle4). 

Frao-tion C(g/100 al) )fJ(dl/g) 
B-2 2.110 0.47'.50 1.54 

1.9,0 o.,se2 
1.840 0.2,,5 
1.720 0.1577 
1.660 0.1194 
1.700 0.1185 
1.610 0.0896 

B-'.5 2.100 0.3996 1.,5 
l.900 0.2238 

l.881 0.1~98 

1.787 0.1119 

1.770 0.0999 

1.714 0.0560 

B-4 3.700 0.4176 2.59 
:,.502 o.,,eo 
,.,06 · 0.2750 

:,.202 0.2260 

3.052 o.r,50 
2.86'.'3 0.1000 
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TABLE V 

INTRINSIC VISCOSITIES OF E'fHYL CELLULOSE lRACfIONS 
IN BENZENE AT 25•C 

Fraotio:n o/ .. ap/C C(,LlOO ml) tfJ<dlhd 

Original 5.610 0.2812 :,.47 
Material - 1 

4.720 0.1662 

4.510 0.1406 

4.320 0.1108 

4.060 o.os:,a 
3.990 0.070:, 

B-2 :,.490 0.4442 1.84 

2.910 0.2961 
' 

2.500 0.1777 

2.430 0.1658 

2.:,10 0.1270 

2.190 0.0947 

2.1,0 0.0829 
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TABLE V (ooniinue4) 

Fraotion o/ ap/g C(g/100 ml) IJ}{dl/g) 

F-6 1.670 0.4394 1.22 

1.510 0.3046 

1.440 0.2197 

1.400 0.1758 

1.:,60 0.1523 

1.350 0.1255 

1.320 0.1015 

1.300 0.0762 

F-8 1.340 0.4904 0.99 

1.310 0.4504 

1.220 0.3269 

1.150 0.2252 

1.140 0.1962 

1.100 0.1501 

1.060 0.122, 
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TABLE VI 

INTRINSIC VISCOSITIES OF ETHYL CELLULOSE J'RAOTIONS 

IN TOLUENE AT 25'0 

Fraotion r spic C{g/100 ml) /f/<dl/gl 
Original 5.940 0.2710 ,.1a 
Material -1 

5.000 0.1752 

4.520 0.1,55 
4.370 0.1168 

4.090 0.0876 

3.850 0.0675 

B-2 3.660 0.4724 1.77 
,.oao 0.:,204 

2.670 0.-2,,2 

2.500 0.1890 

2.420 0.1602 

2.,00 0.1242 

2.210 0.1050 
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TABLE VI (Continued) 

Fraction C(,LlOO ml) . 41 (dl/g) 

F-5 2.170 0.4724 1.37 
2.130 0.·4478 

1.960 o.,55a 
1.750 0.22:,9 

1.690 0.1779 
1.620 0.1493 

1.560 0.1120 

F-8 1.330 0.5046 1.02 

1.2,0 0.:,210 

1.170 0.2523 

1.150 0.2140 

1.100 0.1682 

1.070 0.1262 
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TABLE VII 

I~RINSIC VISCOSITIES OF ETHYL CELLULOSE FRACTIONS 

IN CARBON TETRACHLORIDE AT 25•c 

Fraction C(g/100 ml) ff] (dl/c) 

Original 6.:,50 o.2a:,4 :,.49 
Material - 1 

5.550 0.2064 

4.900 0.1417 

4.520 0.1032 

4.440 0.0945 
4.260 0.0826 

4.180 0.0709 

B-2 ,.120 0.29:,a 2.01 

2.700 0.1880 

2.570 0.1469 

2.470 0.1253 

2.:,90 0.0979 
2.,20 0.07:,5 
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TABLE VII (Continued) 

Praotion 7/ sp/o C(g/100 al) f1_J(dl/g) 

F-6 2.110 0.4824 1.:,7 
1.9,0 0.3570 

1.770 0.2766 

1.640 0.1785 

1.580 0.1:,a:, 
1.560 0.1190 

1.5:,0 0.0893 

F-8 1.5:,0 0.5000 1.0:, 

1.:,50 0.:,180 

1.280 0.2500 

1.2,0 0.2120 

1.200 0.1667 

1.170 0.1250 

1.1,0 0.1060 
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FIGURE 9. INTRINSIC VISCOSITY OF ETHYL 
CELLULOSE FRACTIONS 
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FIGURE 10. INTRINSIC VISCOSITY OF ETHYL 
CELLULOSE FRACTIONS 
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FIGURE 11. INTRINSIC VISCOSITY OF ETHYL 
CELLULOSE FRACTIONS 
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TABLE VIII 
VISCOSITY 01 E!HIL CELLULOSE II n-BtJ'fYL AOl!ATE 

lraotion f-..uL9. C(g/100 a+) 

1-1 5.00 0.:,064 
J?)<w,> 

4.76 0.2645 
4.36 0.1984 ,.04 
:,.99 0.15:,2 

:,.90 0.1:,2:, 

J.70 0.1021 

J'-?,_ :,.49 0.4012 
:,.:,7 0.:,656 

,.05 0.2675 2. 2:, 

2.97 0-.24:,7 

2.85 0·.2006 

2.80 0.1828 

2.1, 0.1605 
2.,, 0.1219 

B-2 2.48 0.4:,68 
2.,. 0.:5678 
2.22 0.2912 1.72 

2.1:, 0.2452 

2.09 0.2184 
2.0, o.1a:,9 
1.97 0.1456 

1. 9'.5 0.122, 
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TABI,J VIII (Contim,.e4) 

Fraction C(g/l.OQ11l) lij.JC Ats> 
F-6 1.47 0.4606 

1.42 0.3986 

1. '.56 0.3070 
1.,1 0.2:,0:, 1.16 
1.:,0 0.199'.5 
1.27 0.15,5 
1.26 0.1,29 

1.23 0.0997 

1-8 1.2:, 0.5162 

1.19 0.4:576 
1.15 0.:,442 0.98 

1.12 0.2918 

1.11 0.2581 

1.09 0.2188 
1.07 0 •. 1721 

1.04 0.1459 
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FIGURE 12. INTRINSIC VISCOSITY OF ETHYL 
CELLULOSE FRACTIONS 
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balance the bridge capacitance and d1aa1pat1on diala are 

alternatelJ adjusted until the null hae been reached; thia ia 

evidenced bJ a zero reading or the null detector. The bridge 

condenaer gives the capacitance of the cell, either emptJ or 

filled with an unknown. 

In caaea where a solvent ot high d1eleotr1c oonatant 

11 under investigation, the dia11pat1on reading is many 

too high. A correction muat be applied bJ the following equa-

tion• to lower the capacitance to lte true value. 

Cx,,:. 

where D • 

t. 

fo• 

C • 
Cxp -

d1aa1pat1on dial reading 

applied frequenc1 

value or range aelector 

capacitance from bridge 

corrected capacitance 

f 
• 0/ +o 

avitch 

D 

oondenaer dial 

In the direct method it 1• also neceaaary to take into 

account the change in the bridge itaelf over the frequency rang• 

aa well the capacitance of the leada. Th••• values are aub-

atracted from the bridge capacitance values. A a1mplif1ed 

circuit diagram of the above described method 1• given below. 



where ~•oscillator 

D • detector 
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Figure 13 

RA and Rs• resistance of internal ratio arma 

CA and Cs• capacitance of internal ratio arm• 
C5 • variable bridge eondenaer 

Cx and Rx ia capacitance and resiatance or cell 

Subatitution Method 

'l'he aubatitution method employ• the preciaion condenaer, 

previoualy described. It eliminate• mmy error• inherent in the 

direct method. The preciaion condenaer 1• connected into the 
unknown direct terminals and the unknown 1a placed in the un-

known aubatitution terminala. The method avitch in this aerie• 

ia set tor "substitution" a:id the bridge condenser is aet at a 

tixed value. The diasipation dial and the precision condenser 

are then adjusted alternately, aa before, until a value for the 

unknown is meaaured. A correction mu.at be made for the 
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dissipation factors 
C ,_ (60)• 

t + (00)1,. 

where ll C. • C • - C 

AD • D - D' 

c• & D1 • initial capacitance and diaa1pat1on reading 

C & D • final •••citance and diaaipation readings 

Cxp • corrected capacitance 

A aim.plified circuit diagram of the aubatitution method 1• ahovn 

belows 

0 

Figure 14 

where aymbols are the••• as uaed in d1reot method 

Cp • variable preciaion condanaer 

Other than the error• eliminated by this method, there 

appear several other very diatinct advantages. In the direct 
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method the range selector switch could not exceed a Talue or 

3.0 for the ratio of r to t 0 • In the substitution method thia 

ratio could be extended to 10.0. This then enabled one to 

obtain lower dissipation readings tor certain frequencies. 

Another distinct advantage is the ability to uae the low range 

on the preciaion condenser which allows one to measure 

in capacity of .01 micro microfarads. 

Parallel Beaistanoe Method 

The parallel resistance method offe~s a means of 

measuring solvent• of high dielectric constant, that 11, high 

conductivity. It is used either with the direct or 

method. Balance is obtained in this case by alternately adjuat-

ing a decade resistor and the capacitance dials. This method 

difficulties which will be described in more detail 

in a later section. A diagram of the above is shown belowt 

-Figure 15 
where symbols are same as previously described 

RN• variable decade resistor 
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Differential Method 

The differential method is a hybrid method. It uaea 

two cells, one on the direct aide and the other on the sub-

stitution side. The cell plaoed on the substitution side con• 

taina the unknown solution and the cell plaoed on the direct 

side contains the 10lvent. It is supposed that the etfect of 

the solvent is taken into account with each Masurement. 

Therefore, the effect of the solute molecules is clearly shown 

rather than the solution as a whole. Thia will later be ahovn 

to be true. The balance is performed in the aame fashion aa 

either the direct _or substitution method. The diagram ~or thia 

method ia shown below. 

Figure 16 

where symbols are aame aa pravioualy described. 
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Preliminary Determinations - As was true with beginning 

work on dielectric dispersion, certain preliminary measurement• 

must be performed. Since this work la a continuation of the 

author's Maater of Science work, there would be no purpose in 

checking the operation of 1natrum.ents. Dielectric constant• 

have been determined periodically by numerous persons and thia 

would seem to be an excellent check on the functionality of the 

bridge and related equipment. For this reason only certain 

other aspects must be checked before obtaining conclusive 

results. 

The dispersion region was the firat thing that waa 

necessary to ascertain. W!th high polymer solutions there 

aeemed to be a number of diaperaion regions, all of which 

ahould not be molecular weight dependent. Only the one or 

onea that depended on the longitudinal dipole rotation of the 

polymer molecules should be molecular weight dependent. For 

thia reason then ethyl celluloae vaa diaaolved in a suitable 

solvent, in this caae dioxane, and the frequency range from 

JOO cycles to 400 kilocycles waa covered uaing the aubatitution 

method. In the region JOO cyolea to 4.GO kilocycles there vaa 

only one diaperaion region. At 420 kilocyclea there appeared 

the start of a aecond dispersion region (Table IX). 
'rhe solvent was also run throughout this r•g1.a,n to 

determine if the diaperaion could be due to solvent. It wa• 

found that th1a was not true (Table X). 
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TABLE IX 

Substitution Method Ethyl Cellulose in Dioxane 
l-6 o.~ gramaLlOO ml. 

Frequency Capacity (Cell Out) Capacity (Cell In) 

300 ope 97.7 253.8 156.l . 
400 cps 97.7 25:,.a 156.l 
600 ope 97.7 253.8 156.1 
800 cps 97.7 25:,.a 156.l 

l kc 97.7 253.6 155.9 
2 kc 97.7 253.5 155.8 
3 kc 97.7 253.4 155.7 
6 ko 97.7 25:,.:, 155.6 
8 kc 97.7 25:,.2 155.5 

10 ko 97.7 25:,.1 155.4 
15 kc 97.7 252.6 154.9 
20 kc 97.6 252.4 154.8 
30 ko 97.5 251.a 154.:, 
35 kc 97.5 251.5 154.0 
40 kc 97.5 251.:, 15:,.a 
50 kc 97.5 251.0 153.5 
60 kc 97.5 250.8 153.3 
80 ko 97.5 250.2 152.7 

100 kc 97.4 250.0 152.6 
120 kc 97.4 249.7 152.3 
200 kc 97.3 249,3 152.0 
300 ko 97.1 249.0 151.9 
400 kc 96.9 248.8 151.9 
420 kc 96.8 248.2 151.4 
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TA13I,E X 

Substitution Method Dioxane Solvent 

Frequency Capacity (Cell In) Capaoity (Cell Out) 4C. 

400 opa 744.5 497.7 246.8 
500 ops 744.5 497.7 246.8 
600 cps 744.5 497.7 246.8 
800 ops 744.5 497.7 246.8 

l kc 744.5 497.7 246.8 
:, ko 744.6 497.7 246.9 
6 kc 744.6 497.7 246.9 

10 kc 744.6 497.7 246.9 
15 ko 744.6 497.7 246.9 
20 kc 744.5 497.6 246.9 
30 kc 744.4 497.5 246.9 
40 kc 744.4 497.5 246 .• 9 
50 kc 744.4 497.5 246.9 
60 kc 744.4 497.5 246.9 
80 kc 744.:, 497.5 246.8 

100 kc 744.3 497.4 246.9 
120 k:O 744.3 497.4 246.9 
200 kc 744.0 497.3 246.7 
300 k:o 743.7 497.2 246.5 
400 kc 743.4 497.1 246., 
420 kc 743.:, 497.0 246.:, 
450 kc 743.2 496.9 246.:, 
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The difterentia1 method had to be proven accurate tor 

determination or molecular weight. To do this the aubatitution 

method, which is an established accurate method, was used aa 

comparison. In Table XI ia shown a differential method on tba 

identical fraction and concentration aa was shown in Table IX 

with the subatitution method. In Table XII the dielectric dis-

persion results or the differential and sub1titution determina-

tions are shown as well as the difference between the dielectric 

dispersion of the differential and substitution methods. ibis 

would seem to conclusively prove the validit7 of such a method. 

'1'he above reaulta are not the onl7 such made but the above was the 

only one included to avoid repetition. 

Thia then seem• to be all the preliminary measurements 

that had to be made. 

Measurement or Concentrated PolJDl!r Solution• -

5.0 graaa/100 ml. solution of celluloae acetate in dioxane re-

sulted in a 2.0 - 4.0 micro microfarad drop over the dispersion 

region. A dilute solution, o.5 gram.1/100 ml. reaulted in such 

a small drop that doubt existed a• to the diaperaion. It waa 

concluded that ethyl cellulose would behave in much the same 

manner since the only ••••ntial difference 1a the ether linkage 

rather than the eater linkage. 

A solution ot ethyl cellulose was prepared in the 

following way. Approximately 5.0 gram.a of ethyl cellulo1e vaa 

dried in an oven at 105.0°c for a period of one hour. The sample 
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TABLE XI 

Differential Method Ethyl Cellulose in Dioxane 
F-6 0.3 grama/100 al. 

Frequency Capacity (Cell In) Capacity (Cell Out} ~c.. 
400 cpa 11:,.70 97.50 16.20 
500 cps 113.68 97.50 16.18 
600 opa 113.62 97.50 16.12 
800 cpa 113.58 97.50 16.08 

1 ko 113.54 97.50 16-.04 
2 ko 113.48 97.50 15.98 
3 ltc 113.40 97.50 15.90 
6 ko 112.98 97.50 15.48 
8 kc 112.90 97.50 15.40 

10 kc 112.84 97.50 15.34 
15 kc 112.51 97.50 15.01 
20 kc 112.19 97.40 14.79 
30 kc 111.67 97.30 14.37 
:55 ko 111.46 97.30 14.16 
40 ko 111.:,1 97.30 14.01 
50 ko 110.98 97.30 13.68 
60 kc 110.79 97.:,0 13.49 
80 kc 110.40 97.30 1:,.10 

100 ko 110.19 97.30 12.89 
120 kc 110.00 97.30 12.70 
200 kc 109.58 97.20 12.38 
300 kc 109.30 97.10 12.20 
340 kc 109.23 97.10 12.13 
360 kc 109.20 97.10 12.10 
400 kc 109.20 97.10 12.10 
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TA.EL.ii XII 

Dieleotrio Dispersion o~ Differential & Method• 
F-6 21~ ara.m1L100 !:l! 

Dieleotrio Dieleotrio 
Frequenoi D!spen,ion (D1ffereniial) Dia ·;.era1on ( Subati iution} 

400 ope 1.00 1.00 
500 cpa 1.00 1.00 
600 cpa 1.00 1.00 
800 opa 1.00 1.00 

l ko • 97:, .952 
2 kc .949 .929 
'ko .929 .905 
6 ko .826 .881 
8 ko .807 .a57 

10 ko .792 .s:,3 
15 kc .711 .714 
20 kc .658 .690 
30 kc .555 .571 
,5 kc .504 -- C ,s.l lto .500 - C 35.0 .kc 
40 kc .489 .452 
50 ko .:,86 .:,a1 
60 kc .}40 .,,, 
80 kc .245 .190 

100 ko .19:, .167 
120 kc .147 .095 
200 ko .093 .024 
300 kc .050 0 
,40 ko .007 0 
:,60 kc 0 0 
400 kc 0 0 
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vaa then placed in a dessicator until cool and then weighed to 

the neareat 0.1 milligram. The asmple vaa placed in a 500 cc. 

glass-stoppered flask and 100 cc. of dioxane was added. The 

flask was mechanically agitated at 70°c until waa 

assured. 

The solution waa then placed in the capacitance cell 

making certain that no air bubble• were trapped between the 

electrodea. The temperature ot all runa va1 maintained at 

2.$. o0 c b7 a cona tant teaperature room. Humidity waa controlled 

at 50%. 
The cell tilled with solution vaa then placed in the 

aubatitution side of the bridge and the cell filled with aolYent 

in the direct aide. were then made over the entire 

frequency range and the hot leada of the cells were disconnected 

and the entire frequency range waa again covered. With the 

differential method thia 1• in order to take into 

account the possible change in the inatrwnenta over the range. 

From both of values, a subtraction was made and 

a C waa obtained. The results of run are shown in 

Table XIII. 

It 1• obvioua trom the aboYe result• that either a 

serious error made or an enormous drop waa encountered. The 

possibility of error was double checked andreaulta were re-

produced on three separate solutions. Thia drop was so large 

that it served no real purpose. The cell that contained auch 
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TABLE XIII 

Differential Method Ethyl Cellulose in Dioxane 
1-6 5,0 gre.me/100 nµ. Original material 

Fregue!!Ol Cell In Cell Ou:t AC. 

400 opa 705.0 ,97.9 ,01.1 
500 ops 702.l :597.9 304.2 
600 cpa 700.5 397.9 302.6 

800 ope 696.9 :,97.9 299.0 

l ko 694.5 397.9 296.6 
2 lee 688.1 :,97.9 290.2 
:, lto 684.7 -,97.9 286.8 
6 ko 679.5 :,97.9 281.6 

10 kc 676.3 397.9 278.4 
15 kc 674.0 397.9 276.l 
20 lto 672.2 397.9 274.3 
:,o ltc 670.7 397.a 272.9 
40 lto 669.5 397.a 271.7 
50 lto 669.l 397.s 211.3 
60 ko 668.9 397.7 271.2 
80 ko 668.7 ,97.7 271.0 

100 ko 668.5 ,91.1 270.8 
120 ltc 668.:, 397.6 210.1 
200 ko 665.0 397.4 267~6 
300 ko 660.2 397.2 263.0 
340 kc 652.3 397.1 255~2 
400 kc 650.0 :,97.0 25:,.0 
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a viacoua solution was ditficult to clean and even though 

material was recovered, aom.e was lost. For the above 

dilute solutions could be used that would give a sati1factory 

drop over the frequency range. 

Dilute Solution Measurement• - It 11 advmtageoua to 

be able to work with dilute solutions due to the fact that the 

solution laws hold to a greater extent in this region. En-
tanglement 1a held to a minimum in region and extrapolation 

to aero concentration is much more certain. 

For the numerous reasons above a 0.5 grama/100 ml. 

solution waa prepared as previously described and measurement• 

were made on ethyl cellulose in different solvent• and ditferent 

concentrations. 

Due to th• fact that ethyl cellulose 1• soluble in auch 

a wide variety ot solvents, it proves of interest to be able to 

observe the effect of aolventa on Dioxane vaa the 

first ohoaen for investigation. 

The sanple was prepared, as before described, and from 

prelimin&r'J' work it was decided to use solutions of concentra-

tions 0.5, 0.4, 0.3, 0.2 grama/100 ml. Each of these gave a 

sufficient drop to yield reliable results. In tact, the 

obtained t'rom the above concentrations were greater than or 

equal to the drop of cellulose acetate in d.ioxane uaing a con-

centration or 5.0 grama/100 ml. 

Determination• concerning these samples yielded a moat 

interesting phenomena before any reaulta were obtained. It vaa 
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auapected that critical rrequenc1•• obtained when plotted veraua 

moleoular·ve1ght would lie in a straight line. Thi•• however, 

did not prove to be the ca•••· Reaulta were quite irregular and 

no definite concluaiona were drawn. It vaa suggeated that••-

plea might not be completely in aolution and aou degree or 
aaaociation could exist. With thia poaaibility in mind a 

rotator waa conatructed in an oven, and the oven vaa aet S-10 

degree• below the boiling point or th8 solvent. Each sample 

&olution vaa rotated in thia oven berore using and it vaa de• 

tel'lllined that 6-10 hour• were needed before reproducible Nault• 

could be obtained. The variation in the time or treatment vaa 

due to the concentration or aolution. It vaa decided that all 

aamplea would be treated overnight. 

Other dift1oult1ea were encountered with dioxane-ethyl 

oelltUoae ayatema. The aolution could not be allowed to remain 

in the oell ror a period exceeding rour hour• aa a conaiderable 

U10unt ot water vaa absorbed. Thia led to an increase in con-

ductivity which in turn led to ditticultiea diacuaaed later. 
Difticultiea were encountered at firat in obtaining 

a proper leveling portion, C(:b , at the higher frequeno1••• 

Thia vaa aatiafactorily solved by using a aubatitution aetho4 

with a parallel reaonance filter (prev1oualy deaeribed) plaeed 

aero•• the lead• to the null detector. 

Ditticult7 waa also encountered in obtaining a Co , 

the level portion at low frequenciea. To eliminate thia 41ft1-

oulty the fraotiona of McNeer (79) were retractionated aa before 
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4eaar1bed. Thia led to the obtaining of a level portion of ihe 

OUl"fee at high freq11enoies • .Below is Table XIV eoYeriq tlle 

freq~enc7 range, aholfing a level portion at both high and low 

frequenciee, ae well as the ealeulation of the oritioal frequency 

aa is deacribed later. 

Aa soon aa all difficulties had been explained and 

reaedied. measurement• on all sharp fraot1ons were made to aeter-

mine the oriiical frequency. The critical frequency ia obtained 
oc.-~c .. froa the dieleotrio dispersion, D • ........ --- in the follo-'•ff ~c:. -oc .. ' .. ,... 

manner. The Ac .. ie aubatraoted from all Taluee of At.. Thia 

reaul ta in a aeries of values of ,o c.- o c.. 0o • The difference 

in 6c.- AC.oo is found and the reciprocal of 'thia value ia 

JIN.l.tiplie4 throughout the frequency range by the Yalu• of bc-ACoc,. 

By an appropriate plot of dispersion versus log frequency plu• one, 

Figure 17, the critical frequenoy is dete:rained as the point at 

which the disperaion ia 50% oomplete. 

After ori tical frequencies ( 'Vt.. ) for all fractions ha4 

been oalcUlated for all concentrations rangin,; from 0.2 grua/100 ml. 

to 0.5 grame/100 ml. they were plotted verau.s concentration. In 

Figure 18 are shown the results of suah a plot. Examination of 

thia graph shows that the oritioal frequencies are independent ot 
conoentration. This would indicate that only duplicate mealllll'9-

menta need be taken at a single oonoentration. This would allow 

one to determine the ( V<:. ) ot a in a minim of ten 
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TABLE XIV 

Differential Procedure :hhJ'l oelluloee in Dioxane 
Fraction 8 0,2 gram•/100 ml, 
Frequency {lee,) C (ACo- ACoo) 

0.4 
0.5 
0.6 
o.a 
1.0 
2.0 
3.0 
4.0 

10.0 
20 
:,o 
40 
50 
60 
80 

100 
200 
250 
280 
300 
400 

&.. 8.72 
DG.- 6.00 
.X.= 2.72 

a.1, 
a.12 
a.71 6<.o 
8.74 
a.11 
8.69 
a.66 
e.61 
a.,6 
7.96 
7.64 
7.41 
7.21 
7.05 
6.80 
6.61 
6.20 
6.00 
6.oo .6CIQ, 
6.00 
6.00 

Dispersion • l/2. 72 ( 6 C - 6.00) 
Critical Frequenc7 • 41.6 kc 

2.72 
2.72 
2.72 
2.72 
2.12 
2.69 
2.66 
2.61 
2.:,6 
l.96 
1.64 
1.41 
1.21 
1.05 
0.80 
0.61 
0.20 

0 
0 
0 
0 

D1•p•raiop 
1.00 
1.00 
1.00 · 
1.00 
1.00 
0.99 
0.98 
0.96 
0.87 
0.72 
o.,o 
0.52 
0.44 
o.,s 
0.29 
0.22 
0.07 

0 
0 
0 
0 
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minuiea. Also ahown in Table XV are the critical trequenoi•• 

extrapolated to infiniie dilution and of Yiecosity de-

terminationa. In ligu.re 19 1• plotted the log of the criiioal 

frequency ( ~t) versus log of the intrinsic viscosity. The 

equation of the straight line obtained from the above plot is 

loa (1ooftn) • 2.97 - 0.59 log (Ve.) 

As a oheok, ori iioal frequenoiea ( V (..., ) ot original.a 

and blenda were determined a.a u:aknovna. The intrinsic visoosi 

were determined b7 independent open:tors after the ( Vt,..) bad. 

been 4eterainecl. 

fhe invea'\iglltor feels that the aoleeular weight on 

quiokly and easily be determined for ethJl oellulose in dioxaae 

aa previous result• (97) ahow the same to be true with eellul••• 

acetate in 41oxane. It ahould alao be ot 1ntereat to detel'llin• 

if the above ia true with other solvents. Ot equal iaporianoe 

is the etfeot of other aolventa on the critical trequenoiea. 

For thia reason further inveati&ationa were made in benzene, 

toluene, carbon tetraohloride, and n-but7l acetate. 

Benzene solutions of etlql cellulose were prepand.in 

the same manner as wae described for ethyl cellulose in 41oxaae.· 

Critical trequenoiea were also determined in the same manner u 
pre'Yioualy shown. 
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TABLE XY 

Experillaatal Data for Ethyl cellulose in Dioxane 

C~,fl 
Criiical 
Frequency Huggins Couiant 

Sample Ethou (XC) k' 

F - l 41.7 ,.01 6.5 o. ,1 
F - 2 47.6 2.20 12.0 0.57 
F - ' 47.6 1.98 1:,.4 0.66 
., - 4 48.7 1.18 :,2.2 O.79 
., - 5 48.7 1.15 :,6.2 0.67 

1 - ' 48.7 1.12 ,a.2 o.e5 
p - 7 48.7 1,00 50.5 0.44 
., - 8 48.7 0.92 52.2 o.69 
F - 9 4S.7 o.,, 79.5 -
0 - 1 49.2 2.98 ,., 0.45 
0 - 2 47.6 1.9, 14.5 0.50 
B - l 48.7 1.41 24., o.:,6 
B • 2 48.7 1.54 22.1 0.49 
B - :, 48.7 1.65 21.5 0.41 
B - 4 48.7 2.59 •. , 0.49 

Note: 0 - land 0 - 2 are original unfra.otionated material• 
B - 1, 2, :,, 4 are artificially prepared blend• from 

fractions. 
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Difficulty aroae in the oaae of benzene aolutiona in 

obtaining a ,.1Co • Instead of the usual level portion the 

oapaoit7 clifferencies approaohe4 the zero axia aa7J1ptoiioall7. 

In order to solve the problem a method uae4 by Johnson and. Cole 

(60) waa employed. They uaet a correot1Te equation for a type 

of polarization that took the form a 

f al • re t . + r./ 'V 
measurecl 7 W 

By a e11.bsti tution ot AC. in place of E- , a straight line we.a 

obtained when 102 oTer omega squared vaa plotted versus the AC.. 

An example of such a plot ia shown in Figure 20. Froa the plot 

the real value of ACo could be found, and using this value no 

trouble vae found in obtaining critical frequencies. 

In the caae of eth7l oelluloae in benzene an oven 

treatment vaa neoeaaary aince irregularities again appeared if 
the solution waa not oven treated. 

Quite an interesting reaul.t ia noted when the ( Ve.. ) 
1• plotted versus the concentration (Figure 21). The critioal 

frequenoiea ahov a very definite conoentration dependenoe. A 

poaaible explanation of 8'\lch phenomena will be offered in a 

later section. 

As was true with ethyl cellulose in dioxane, the loa 
of { "V<- ) was plotted versus log { 100 f'l\ ) , and a straight 
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FlGURE 21. coNCENTAATION VERSUS CRITlCt..L FREQUENCY 

Benzene Solvent 

100 

40 

20 

-- - _-_- _-_B:- --:a=--======{¾-2 
- - - - -· - - -(-:..r· r F-10 -----{_)- o----0-'- 0-1 

o ._____.-__\------J_____ L - - __ L----_L 

0 

o.3 o.4 
0.1 

concentration (grams/100 ml.) 

0.2 



(97) 

line resulted (Figure 22) from which an equation oould be 

fitted. 

log (100f~1 ) • 3.41 - o.82 log ( Jc..) 

Toluene solutions of et1q1 cellulose were prepare4 aa 

above described and oritioal frequencies were thus determ1ne4 

1n exaotly the same manner. 
It was likewise 1roven in the case ot toluene that an 

nen treatment was neoeasary by measur1J1B a traction of et!ql 
oelluleae in toluene. In one case the solution we.a not oven 

treated before measuring and in the other oaee the ea.me traction 

was ·nb3eoted to the overnight treatment and then measured. Por 

regularity ot result• the treatment was neoeaaary. 

It waa not surprising that in the case of toluene 101..-

tione that a slighi polarization would ocour aa was ~rue in 

bensene. The two eolventa are quite aillilar and would be es• 
peote4 to behave in lilce manner. 'fhe extrapolation io sero 
trequenoy was neoeeaary as was shown aboTe in Figure 20. 

fth7l oelluloee in toluene ,ehaTed in a aanner quite 

a1Jllilar to benzene also in reprd to the Nneentration 4ep•n4-•• 

figare 23 ehowm the oonoentration Teraus the or1t1Gal. frequao, 

tor the fraetione inTeatigatN.. •ot maJIY' fraction• were 1--

Tea·U.gated. ei~o• the aiJI vaa to ehov the o,-pariaon with 'beueae 
ae a aolTent ancl to determine the ooiTelation between the 

lar weight and the oritical frequeno7. 



2.0 

1.8 

1.6 

log 0 c 

1.4 

FIGURE 22. CRITICAL FREQUENCY VERSUS 
INTRINSIC VISCOSITY 

Benzene 

l.0'------1-----'-------l'-----~--
l.8 2.0 2.2 2.4 2.6 

log LlOO( ·{ U 



FIGURE 23. CONCENTRATION VERSUS CRITICAL 
FREQUENCY 
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l'roa the equation below au the plot of log ( 100 F''fl ) 
Teraua log ( Ve_ ) (Jigure 24), it is o'bYiou 'lhe relatioa 

hel4 tor ethyl celluloae in toluene as waa true with et}ql eell•-
loae in benzene an4 dioxane. 

los {100(1) ) • :,.2:, - o.65 log ( i) 
Oar,ontetraohlor14e aolutiona of et}ql 

the aaae alight polarisation and neoeaa1tated the extrapolatioa 

to sero frequency to obtain A(o. Io trouble was enooUDtere4 

in thia solvent, benzene, and toluene with respect to the 000 • 
.A.ga1n an OTen treatment waa neoeaaary aa proven b7 

experiaental determination. 

In the cue ot ethJl in oarboatet.1'&ohlor1•• 
the plot o:t concentration veraus the oritioal :trequeaoy ex-

hibited a conoentration 1n4epen4enoe. fhia 1a shown in figure 

25. 
.Aleo :troa Jigure 26 and the equation below the aoleo11-

lar weight relationahip valid. 

log (1oof1]) • :,.41 - o •. a, log (Ye..) 

Jiguree 27 and 28 shove the reaul ta of the ( ~c.) for 

ethyl celluloae in the four aolventa Teraw, the log (100f'>f1) 

and log D. P. In Table XVI all of the abOTe data ia oolleote4, 
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FIGURE 24. CRITICAL FREQUENCY VERSUS 
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FIGURE 25. CONCENTRATION VERSUS CRITICAL 
FREQUENCY 
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FIGURE 27. LOG INTRINSIC VISCOSITY VERSUS 
LOG CRITICAL FREQUENCY 
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LOG D. P. VERSUS LOG c 
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TABLE :XVI 

EXPERIMElffAL DATA J'OR ETHYL CELLULOSE II' SOLUTIOI 

" -/1/J-
Dioxane 

saaple Ethov k' 
1-1 48.7 ,.01 0.,1 6.5 
F-2 47-~ 2.20 0.57 12.0 
J'-3 47.6 1.98 o.,, 1,.4 
1-4 48.'7 1.18 0.79 :,2.2 

F-5 48.7 1.15 o.67 ,,.2 
J'-6 48.7 1.12 o.as :,e.2 
F-7 48.7 1.00 0.44 50.5 
J'-8 48.7 0.92 o.69 52.2 

1-9 48.7 o.,, 79.5 
0-1 49.2 2.98 0.45 ,., 
0-2 47.6 1. 9'.5 0.50 14.5 
B-1 48.7 1.41 o.,, 24., 
B-2 48.7 1.54 0.49 22.1 
B-:, 48.7 1.65 0.41 21.5 

B-4 47.6 2.59 0.49 a., 

["IJJ • Intrinaio Viaooait7 at 25•0 (dl/g) 

Jt' • Jluagiu Constant 

~on !l?etraolll~4e b -k!. RC-
406 

297 
267 
159 
155 

1.,1 0.80 ,s., 151 

135 
1.0, 0.94 47.4 124 

15 
:,.49 0.84 11.0 402 

260 

190 
2.01 0.95 24.5 208 

22:, 

350 

[Ye-]• Critical J'requenoy (ICo) extrapolated io zero oonoeniration 
bOaloulated u•ing Hercules constant 

(Continued) 
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fABLE XVI (Continued) 

Benzene _p401k~n1v4 Saaple i' 
F-1 

P-2 ,_, 
P-4 
1-5 1.:,7 0.90 64.8 ,_, 1.22 o.,e 62.0 

F-7 
P-8 0.99 0.72 77.1 1.02 0.59 90.0 
F-9 
0-1 3.47 0.6:, 15.5 :,.18 1.0115.2 

0-2 

B-1 

B-2 1.84 1.oa 39.0 1. 77 1.27 :,7 .:, 
B-:, 

B-4 

£1/,• Intrinaio Vieooaity at 25•0 (dl/g) 

k' • Huggina Conatant 

n-Butyl Ac~• h l¥J- ..&.!... Jl:... 
406 

,.oo o.,o 12.e 297 

267 

159 
155 

1.25 o.a, :,5.2 151 

1,5 

0.98 0.70 44.7 124 

85 

402 
260 
190 

1.75 1.10 20.5 208 

22:, 

350 

[J~)• Critical Frequenoy {Ko) extrapolated to zero conoentration 

bCaloulated using Hercules conatant 
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including intrinsic Tiaoosities, critical frequenoiea, ethoxy 
content, Huggina constants, and- the degree of polyaerization 

calculated from the Hercules Constant (91). 

Attempts to Measure Ethyl Celluloae Dielectric Dia-

persion in Polar Solvents - The oharacteristica of polar aolventa 

are quite different from those previously cliacusaed. Diome, 
benzene and such all possess dielectric constants from 2.0 - 2.,. 
They are classed as non polar solvents. Polar solvents are aol-

Tenta that have dielectric constants higher than the non polar 

aolventa and in many casea possess a relatiTely high conductiTity. 

Thia conductivity leads to a low resistance since it ia the 

reciprocal of the conductivity. A high parallel resistance is 

necessary for measur•ent aince the precision oondenaer or the 

bridge condenser possesses an infinite resistance. For a balance 

to be obtained the resistance and the capacity DlU8t be balanced. 

Thia may be seen from the simplified diagraa below (figure 29). 

Figure 29 

It is interesting to note that up to the present tiae 

no work can be found which employs high dielectric solvents 
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at low frequencies. At higher frequencies the substitution 

and direct methods can be employed. 

The fact was mentioned that a parallel resistance 

method might be applied. Thia method however leads to diffi-

culties that have not been remedied to date. In the method 

the disaipation dial is set at zero and the decade resistor 

is ad3usted for a resistance balance. This supplements the 

resistance of the solution which is lower than the resistance 

of the capacitor as described above. The balance is aharp 

and measurements can be made at any frequency. The regular 

substitution or direct method cannot be uaed aince the 4ias1-

pation is too large to allow measurement at low frequencies. 

With n-butyl acetate 10 Kc is the lowest frequency where the 

dissipation range is low enough to permit measurement. 

Unfortunately, the decade resistance box posseseea a 

oapaoitanoe that is included with that of the measuring conden-

ser. To determine the actual change in capacity of the solution 

under investigation the eapacitance of the resistance box aust 

be subtracted. It cannot be assumed that the capacity of the 

box would remain constant with different dial reading and dif-

ferent frequencies. The bridge manual etates the above ia tl"lle 

and illustrates a method of evaluating the capacitanoe. Thia 

was attempted without success as the resistance setting was 

too low for measurement• of oapaoitance. The resistance of the 

box muat be appreciable at low frequencies for a direct aeaeure 
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of capacitance. At higher frequenoiea the reaiatanoe oan be a 

great deal lover an4 meaeureaenta may be easily made. HoweTer, 

the parallel resistance method is not necessary at these higher 

frequencies. 

Many attempt• were made to measure the capacity of the 

deoade resistance box. Condenser• or were plaoe4 in 

parallel with the bridge condenser by methods described in the 

General Radio Manual but all to no &Tail. 'rhe author baa 

d1ecuaae4 this probl•• with numerous people, many well known 

authoritiea, and no auggeationa were forthcoming tor the 

aeaaureaent of the eapaoitanoe of the decade. It is notev•rlh7 

to mention that no application of thia parallel reeiatance 

method can be found in the experiaental literature concerning 

the above atated problem. 

Gilkereon (41) conatructed a special cell that made 

use of glass covered electrodes. A diagraa of this oell 1s 

shown in Figure :,o. 
The uae of cell led to very null point• down 

to 100 oyolee with acetone. The cell was used to measure cell 

conatanta by the use of liquids of known dielectric constants. 

An empirical equation waa der1Ted from the oonatanta. the 

equation was derived on the basis of the following circuit of 

the oell. 
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J_ 
T Bridge Condenser 

oapacity of cell l • _L + _L • Cg+ Cx 
coell Cg ex CgCx 

measured oapaoity with leade (Cd}• {u. 

cu • cgqx + Cd 
Cg+ ex 

Cmx • CgCs + CgCd + CdCx 
Cg+ ex 

Solving for C 

Cx • Cg (Cd - cmx6 Cmx - (Cg+ d) 

Ca• Cc (Cd - Cae6 Cme - (Cg+ d} 

Cg• capacity of glaaa 

Cd• oapaoity of leads 

where Cme is oapacity of 

cell aeaaured empty 

tx • Ox • (Cd - Cmx) Cme - ~Cg+ Cd) 
Ca Cu - (Cg+ Cd)Cd - Cme) 

where Ex is the dielectric constant of the liquid. 

By solving eimultaneous equations the unknown 

such as the capacity ot leads and combined capacity (Cd+ Cg}, 

oould be found. 

Uaing the above equation the dielectric constant of 

unknoWJ1 liquids oould be determined. Values for dioxane, 



(113) 

benzene and n-butyl acetate are shown in Table IYII. It was 

hoped that instead of using the usual capacity Cha.Jl8e to measure 

the dielectric dispersion that it could be followed by observing 

the decrease in dielectric constant. Comparison with accepted 

values show that the dielectric constant in Table XVII ia ac-

ceptable. There is slight polarization with n-butyl acetate 

but this can be corrected by the Johnson-Cole relationship 

already described. 

€ true • € measured + J2 

The method had to be discontinued for the present when 

solutions of ethyl cellulose inn-butyl acetate were measured. 

Thie appeared necessary since when the dielectric constants were 

calculated, the change with the frequency was very minute com-

pared to a satisfactory decrease in the solution capacity 

needed for exaot dispersion determination. This me.y be seen 

in Table XVIII. The drop would not allow accuracy in deter-

mination since much of the trequenoy range would possess the 

aame dielectric oonatant. It was also found that for eolven~a 

of higher dielectric constant results were not in accord with 

valuea found in the literature. A possible explanation of 

such behavior will be given in Discussion of Results. 

Temperature Effect - Attempts were made to ahift the 

dispersion region by either increasing or decreasing the 

temperature. An increase in temperature should shift the 
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TABLE XVII 

CALCULATED DIELEOTRIC CONSTANTS OF LIQUIDS 
25•c 

Frequenoy e G £ 
oco> Benzene Diou.ne But. Ac, 
.4 2.:,16 2.,s5 18.228 
.6 2.:,18 2.:,ao 11.0:,2 
.a 2.,04 2.:,73 8.793 

1.0 2.:,06 2.374 7.789 
,.o 2.289 2.:,64 5.940 
6.0 2.284 2.:,65 5.:,42 
a.o 2.284 2.352 5.684 

10.0 2.285 2.:,60 5.685 
20.0 2.279 2.:,46 5.609 
:,o.o 2.272 2.:,47 5.590 
40.0 2.274 2.:,41 5.592 
50.0 2.282 2.:,50 5.612 
60.0 2.282 2.:,4:, 5.612 
eo.o 2.272 2.:,43 5.5•14 

100.0 2.272 2.:,4:, 5.556 
120.0 2.272 2.:,4:, 5.556 
140.0 2.272 2.:,:,6 5.5:,7 
160.0 2.281 2.:,45 5.557 
180.0 2.281 2.:,45 5.5:,9 
200.0 2.27'5 2.:,45 5.5:,9 
240.0 2.282 2.:,46 5.559 
280.0 2.282 2.:,46 5.541 
:,oo.o 2.282 2.:,46 5.541 
,,o.o 2.275 2.:,40 5.541 
400.0 2.275 2.:,40 5.522 

Literature value 2.27 2.:,:, 5.55 
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TABLE XVIII 

DECREASE IN THE DIELECTRIC COBSTABT OF 1.0 grams/100 ml 
E!HYL CELLULOSE ll n-BUTYL ACETATE WITH FREQUEllCY. 
GLASS CELL MEASUREMEH 

J'reguenoy E 

400 Opll 2.42, 
500 cps 2.42:, 
600 cps 2.416 

800 ape 2.:,a1 
1 Kc 2.:,7:, 
3 Kc 2.:,67 
6 Kc 2.:,52 

10 Ko 2.'.545 
20 Ko 2.,,0 

I 30 Kc 2.,,1 
40 Kc 2.:,:,0 

60 Ko 2.'.504 
80 Xe 2.289 

100 Xe 2.293 
120 Ko 2.293 
200 Kc 2.29'.5 

'.500 Kc 2.29:, 
400 Ko 2.29:, 
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entire dispersion region to higher frequencies. By doing this, 

it was hoped that measurement could be made starting with a 

higher frequency than usual. This would be advantageous in 

that polarization could be avoided. Unfortunately, even a 

marked increase in temperature, almost the boiling point of 

pure eolTent, failed to bring about improvement. A alight 

shift was noted but not enough to markedly affect the disper-

sion region. 

Many other methods have been tried. A condenser in 

series with the oell and resistor in aeries with the cell are 

two examples. In the ma3ority of cases results were obtainable 

but no oonoluaiona oould be drawn or dispersion Talues calculated. 

Ne,work Method - A different approaoh was attempted in 

the hope of being able to measure the dielectric dispersion of 

ethyl cellulose in solvents of high dielectric constant. A 

resistance network was found (18) which could be adapted to the 

measurement of ethyl cellulose inn-butyl acetate. The network 

ia shown in Figure ,1 below: 

Figure 31 
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where cP • preoieion condenser 

CB -bridge condenser 

ex • cell capacity 

-= cell resistance 

RD • variable decade resistor 

Rl m fixed precision resistor - 1 X 106 ohu 

R2 • fixed precision resistor 

By first measuring the resistance of the cell with the 

decade resistor the Talue of R2 ~ould be calculated and fixed 

in position. The value of such a resistor was eeleoted eo 

that for a resistance balance RD must be approximately ten 

thousand ohms. R1 was incorporated into the network eo R2 
could be high and so reduce the capacity of the decade to a 

negligible quantity. 

Polarization was again encountered and the same oorreo-

tion as waa preTiously described was applied. Oven treatment 

was again a necessity. The solution if not treated showed a 

large variance in the critical frequency from the correct value. 

As the sample was treated for one hour the critical frequency 

approached the correct value. After eight hours the correct 

value was obtained with each previous hour's treatment further 

approaching the correct ( V <.. ) • 

The critical frequency of all fractions was determined 
. 

in the aame way as all previous solutions. 
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Again a conoentration independencewaa noted as was 

found with dioxane and carbon tetraohloride solutions (Figure 

32). The same oorrelation between the (){.)and the intrinaic 

viscosity was found as wae also true with all previous work. 

The correlation is shown in Figure 33 and the equation for the 

curve ie below. 

log (1001'7 J) • 3.23 - o.a5 log ( J,) 

The next step would see~ to be the measurement of 

ethyl cellulose in solvents of even higher dielectric constanta. 

!he resistance of ethylene chloride, bensyl alcohol, n-but7l 

alcohol, and acetone as examples are quite a bit lower than 

that of butyl acetate. Since the resistance is lowsr, then 

the value of R2 and RD must be lower than with n-butyl acetate. 

If R2 mu.et be lower than what wae used for n-butyl acetate, it 

would not cut down the eapacity of the decade resistor RD. 

Thus RD would change with frequency. The criteria for such a 

network is that R2 in series with RD must be large. It ehould 

then be obvioua that no other solvent can be used with the abO't'e 

mentioned network. The network unfortunately is only applioable 

with solvents of d1eleotr1c constants of 5.0 and below. The 

problem of measurement of high dielectric solvents still remained 

to be solved. 
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FIGURE 32. 60NCENTRATION VERSUS 
CRITICAL FREQUENCY 

n-Butyl Acetate 

- - --o 0- 0 

-- - - ---o 0 0 

------ -- --o 0 0 

- - - -- --0---0 0 

0 0.1 0.2 0.3 0.4 
Concentration (grams/100 ml.) 

F-8 
0-

F-6 
0-
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Q ___ 

F-2 
0-
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FIGURE 33. CRITICAL FREQUENCY VERSUS 
INTRINSIC VISCOSITY 

n-Butyl Acetate 

2.0 2.2 2.6 

log [ioo(7 O 
I 

2.8 
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Condenser Method - It ia a fact that the "dissipation 

factor is inversely proportional to the terminal total capaci-

ta.noe" (40). fhe obstacle in the measurement of high dielee-

tria solvents has been as previously atated, that the diaaipa-

tion faetor too large to be measured on the bridge. :From 

the above quoted faot one should be able to increase the 

capaoitanoe on each side of the bridge and lower the dissipa-

tion. This was attempted with a nwaaer of 11atohed oondenaen. 

Using large enough total capacity the dissipation 

should be reduced to such an extent that there should be no 

difficulty in measurin,; 8ll1' solution desired. The .03 JIFD 

oondensera in the oaae of n-butyl acetate are withdrawn at 

10 Kc and the measurement is aocomplished with no difficul.17 

with the bridge alone from this point. Below is a s1mplit1e4 

diasram of the bridge and condensers. 

Figure ]4 

where ct1 and Cf2 • two fixed condenaera 
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In Table XVI and Figures 27, 28, ,5, and 36 are shown 

the reaulte of ethJl cellulose inn-butyl acetate solvent. Two 

important conclusions may be drawn from these reeults. Th••• 

findings check those obtained with n-butyl acetate by the net-

work.and a new avenue is opened for measurements of solvent• 

with high dieleetric oonetanta. Further inveatigation ot thia 

sort will not be reported in this work but experiaentation i• 

already underway by another investigator on this probl••• 
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FIGURE 35. CONCENTRATION VERSUS CRITICAL FREQUENCY 

CONDENSER METHOD 

n-Butyl Acetate Solvent 

so - - - - - - - - ---o---o~--o---o-

40 

- -- - - - - -·-0 0 0- ---0-
30 
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0-------------~------------
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i.~IGURE 36. CRITICAL FREQUENCY VERSUS 
INTRINSIC VISCOSITY 

CONDENSER METHOD 

n-Butyl Acetate 

\ 
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2.0 2.2 2.4 2.6 
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DISCUSSION OF RESULTS 

From results obtained in the experimental section 

of this work the moat striking seem to be the speed of the 

molecular weight determination as well as the applicability 

over the range ot solvents since previously no method exiate4 

that could yield aoleoular weight ot a fraction in ten minutes. 

The method here reported can do thia with only a amall margin 

of error. Now that the problem of working with solvent• of 

high dieleotrio constant may be solved, new avenues should be 

opened. Molecular weights oan be determined and the method 

may be uaed widely as a control technique. Of course, each 

solvent will present ite own problems but with a suitable 

general method eatabliahed theee will be only minor and ot 
a aimple nature. 

In the kitemur9 Review aeotion of this work molecu-

lar weight methods were diaouased. Method.a were divided into 

three groups, weigh"t average, number average and viaooaity 

average. The dielectric disperaion method may be shown to 

be aillilar to the viscosity average method in the following 

manner (72): 

~£-c. ~ae,; 
Ve : :Z: ~G,·c ,· 

C 

~c r:a../11" '!iE, t1ec.·Cc:c a-'2Ci m~· 
if' h=I 

z Ll ,~ ,~ =a' 2-c.,; IJJ,: 
C C 

= ~, m; 
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where e, • dielectric 

Ve.• critical frequency 

C • capacity 

~- weight average molecular weight 
a, a.'../ J, • constants 

When b • 1, which is the more usual oase, the molecular weight 

would be an average somewhere between the number and weight 

average. Thia is quite aimilar to the viscosity average. 

D1atribut1on Cu.ryes 

Distribution were also diacuaaed briefly in 

an earlier section. The original purpose of thia research 

was to relate distribution cllr'f'ea with dieleotrio diaperaioa 

curves. No specific work has been done regarding thia in thia 

investigation but some interesting obaervationa were ma.de. It 

is quite obvious when dieleotrio dispersion is plotted vereua 

the log of the frequency that the cunea are different, depend-

ing on the fraction. For example, if a high molecular weight 

sharp fraction is plotted, a curve ia obtained that reaemblea 

that shown below (Figure 37). A sharp fraction ot moderate 

molecular weight and a sharp fraction with low molecular 

weight are plotted below (Figures 37a and 37b). Possibly of 

more interest is the case when the average molecular weight 

of an original material (Figure 37c) is approximately the 

same as that of the sharp fraction of moderate molecular 

weight (Figure 37a). A veey marked difference can be noted 



(128) 

between the broad and narrow dietribution ourvea. There 

should be an excellent possibility of relating diatribution 

ouITea obtained fractionation and from dielectric dia-

peraion. Af'ter a material has been fractionated the distribu-

tion curve poaaibly may be Tery quickly obtained a di-

eleotrio investigation. 

Figure 37 

loj w _., 

Figure 37b 

Figure 37a 

Figure 370 
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Heat Treatment of Samples 

The necessity of heat treatment of the solutions 

appears to be a consequence of the solvents employed. With 

cellulose acetate in dioxane (46) this was not necessary. 

This would lead one to the conclusion that dioxane is a better 

solTent for cellulose acetate than for ethyl cellulose but, 

in fact, no solvent that was employed in this investigation 

could be used unless heat treatment was employed. The heat 

treatment appeared to enable the solvent to completely dis-

perse the polymer so as to obtain a true solution. For the 

solvent to enter between the individual chains some additional 

foroe such as heat was needed. This conclusion, that the sol-

vent at room temperature had not completely dispersed the 

polymer, is strongly supported by the fact that with little 

or no oven treatment the fraction exhibited a lower critical 

frequency than with a reaeonable period o! OTen treatment. 

The established relation between critical frequency and moleou-

lar weight shows that the higher the molecular weight, the 

lower the critical frequency. This would appear to indicate 

that the sample being measured with no OTen treatment had not 

been dispersed to individual chains but existed much more like 

miaellar structures in dispersion. 

Observed Ditference in Capaaitanoe Drop 

With cellulose acetate in dioxane, dilute solutions 

showed a drop of about 0.5 - 1.0 micro miorofarads. Ethyl 
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cellulose in dioxane and the other four solvents employed for 

the aaae conoentration exhibited a drop of 5.0 - 6.0 micro 

:miorofarada. No explanation can be offered for such a 

phenomena as some fault oan be found with eaoh postulate. The 

difference in the aiate of the cellulose polymers dissolved in 

the solvents would ceriainly aeem to offer a possibility. There 

is a poasibility that et}ql cellulose in dioxane 1a more aol-

vated than cellulose acetate in dioxane and if so, thia solvate4 

particle might have a greater reaistanoe to rotation in the 

field. The obaerved necessity tor oven treatment would somewhat 

contradict this postulate. Such phenomena aa differences in 

dipole moment, 4ifference in moleeular weight, degree of aol-

vation of the eater and ether linka«•• of the above polymers 

and dipole-dipole interaction llllat be considered in explanation. 

Dispersion Region 

!here is quite a difference in the dispersion region 

for ethyl oelluloae as compared to that found for cellulose 

acetate which extended only up to 100 Ko. A second disperaion 

region began at higher frequenciea and continued beyond 400 Xe. 

However, eth.71 cellulose diaperaion commences at approximately 

the same frequeno7, 600 cycles to l Ko, and continues to ,oo Xe -

400 Ka. The only explanation muat again lie in the difference 

in the atate of the polymer molecule. 
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Conoent,;:ation vereus Critical Frequency 

With dioxane, carbon tetrachloride, and n-butyl ace-

tate the critical frequency was concentration independent. 

However, with benzene and toluene the critical frequency waa 

dependent upon concentration. It is poesible to speculate 

concerning this phenomena with regard to a possibility ot 
hydrogen bonding. Benzene and toluene are the only solvent• 

that did not possess a group or groups that are capable of 

hydrogen bonding with the polymer molecule. The former three 

are all capable of forming hydrogen bonds. It would seem then 

that some form ot association between polymer and solvent 

could occur in these solvents so that a possible explanation 

for the dependence on the oonoentration lie in this fact. 

Aaeuming that association is present between the 

polymer and the solvent there would be only a alight poeai-

bility that chains would be entangled. The solvents dioxane, 

carbon tetraohloride, and n-butyl acetate would tend to deatroy' 

almost all poasibilitiea of eecondary forces holding the dif-

ferent chains together in an aggregate. Instead of the secondary 

forces exiating between chains, they would be holding polymer 

and solvent into a highly solvated molecule. With the solvent• 

that hydrogen bond, the polymer molecule would be separate and 

individual. No oonoentration dependence would be noticed since 

at the various concentrations used there would be little aha.nee 

for polymer-polymer interaction and thus all molecules would 

be of essentially the same size. 
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With benzene and toluene the reverse would be true. 

Since they are both unable to form hydrogen bonds, some secondary 

foroes would be free and capable of forming bonds between ohaina. 

This would then lead to an aggregation of chains or a mioellar 

structure. As the concentration is increased the chance for 

such an aggregation 1a more possible. It is known that the 

larger the molecule, the lower the critical frequency. With 

increasing oonoentration the molecule would become larger 8.?ld 

exhibit a lower oritioal frequency. In each oase aboTe, thia 

was the observed behavior, corresponding with the postulate. 

Failure of Glass-covered Electrodes to Produce AoceJ>!able Result§ 

The work with the glaaa cell yielded no acceptable 

results as was shown previously. Thie could be due to the fact 

that all faotora of the entire situation were not considered. 

As was shown in the last section of this work, the calculated 

capacitance included the oapaoitanoe of the air and glaea. 

There is reason to believe that a thin film of air exiaia 

between the glass and the metal eleotrode. If this would be 

considered and represented by Cx, the total oapacitanoe would be 

1 

where Cg= capacity of glass 

Ca= capacity of air 

Ca and Cg would be large compared with Cx. The reciprocal of 



thi8 Yalue would be large and would haTe a very pronounced 

effect upon the calculated ca.paoity of the cell. The problem 

arises as to the measurement of Cx so the oorrect Cmeasured 

may be obtained. To date no suitable method of measurement 

has been found. 

The above may not be the complete solution to the 

problem but such a problem oan be shown to exiet. Water, which 

exhibits a dieleotric constant of approximately 80 by the above 

method of determination, showed a dielectric constant of 6.0 -

7.0. Beeidea water, n-but7l aloohol and ethylene chloride 

exhibit false values. 

fJp• of Dieperaion Noted 

The question arises as to what type of absorption waa 

exhibited with ethyl cellulose in the various solvents ••ployed. 

The literature to date deala almost exclusively with reaonanoe 

absorption and Debye•e absorption, and muoh of the work in the 

literature on proteins as well as solid polymer shove agreeaent 

with Debye•a theory. 

For a comparison to be made of the dielectric diaper-

aion phenoaena in this inveatigation with that of Debye, the 
G- ~oo 
€0 -G-co versus frequency curves must be compared. For 

Debye's abaorption, equation (1) for one relaxation time ahould 

bes 

6-600 (1) to- Goo 
I 



where t • 1 
2 r, & 

fm • frequency at the maximull elope 

A comparison can be made (Figure 38 and Table XIX) 

between the Debye curve calculated from equation (1) and ethyl 

cellulose (F-1) in dioxane. In this case "fm" was chosen to be 

6.5 Ko from ~able XVI. The 6.5 was the critical frequency de-

termined by measurement and represent• the point of muiaua 

slope of the dispersion ourve. 

It is apparent from thia graph that the experimental 

dispersion region occurs in a region of frequencies coaparable 

with that of Debye's but somewhat broader. It should be pointed 

out that the Debye curve assumes the presence of only one relaxa-

tion tillle. This fact is not strictly in accordance with con-

ditions known to exiat in ethyl cellulose due to the fact that 
even sharp fractions show some heterogel8i.ty with respect to chain 

lengths. The graph does point out however that there is not too 

wide a variance in relaxation times and that the fraction is not 

too broad in its distribution of chain lengths. 

A similar plot was ma.de on cellulose acetate in dioxane 

and results were also in accordance with the above. This graph 

ie not included in this discussion. 

On the basis of the similarity between the two aunea, 

one Jiuat assume that the experimental dispersion is that ot the 

Debye type. 



FIGURE 38. COMPARISON OF DEBYE AND EXPERIMENTAL DISPERSION 
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CALCULATION OP THEORETICAL DEEIE DISPERSIOI USING MAXIMUM SLOPE AS 6.5 KC 

Jrequenoy f/tm log(t/ta x 100) (t/ta) 2 1 + f't/tm)2 
€-G .. ~- ~Oo 

•G-t:oo Exp '"°o -6"ac, 
400 cps 0.059 0.77 o.oo, 1.00 1.00 
500 cpa 0.074 O.EJ7 0.005 1.00 1.00 
600 ops· 0.088 0.94 0.008 1.00 1.00 
800 cps 0.11a 1.01 0.014 0.99 0.96:, 

l Ko 0.147 1.17 0.02 0.98 0.925 
3 Xe 0.44 1.64 0.19 0.84 o.657 
4 Ko 0.59 1.77 0.,5 0.74 0.,11 
6 Kc o.ee 1 .• 94 0.78 0.56 0.522 
8 Kc 1.18 2.01 1.:,9 0.41 0.4,a 

10 Ko 1.47 2.17 2.15 0.31 0.411 
20 Ko 2.94 2.47 8.60 0.10 0.280 
:,5 Ko 5.15 2.71 26.5 .o, 0.190 
60 Ko 8.82 2.94 78.0 .01, 0.120 -80 Kc 11.1, ,.01 1,a.0 .001 0.090 

..., 
\A 

100 Ko 14:70 ,.17 215.0 .005 0.01, 0\ -200 Ko 29.41 3.47 .,.o .001 0.0,1 
:500 Kc 44.11 ,.,4 1942.0 .0005 0 
340 Kc 50.00 :,.70 2500.0 .0004 0 
:,eo Ko 55.88 :,.75 ,120.0 .ooo:, 0 
400 Kc 58.82 ,.16 3460.0 .0002 0 
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Resonance absorption can be disregarded since the 

characteristic difference is the narrovness of the dispersion 

curve. If the figure below is consulted, the di:f.i'erenae ia 

immediately a_pparent. The resonance absorf tion re61on v~ies 

from an extremely narrow one when t:do '2: '? ""> / to one in 

which the width is equal to that of Debye' s when tc'-t e / . 

Fisw:e 39 

Shape and N·ature of Particle in Solu'iion 
It would appear that for a better und.eratand.ing o~ 

the pheDOMaa obaened in thia 1nTestigation the nature of the 

partiol• in ~olution should be underatood. Unfortunately the 
author oan giTe no clear picture of the shape but can onl.7 

make poatulatea. 



As waa previously mentioned regarding cellulose 

derivaties, the chain is either a stiffened coil or nexible 

rod like structure, depending on the molecular weight. Assuming 

the ethyl cellulose in this investigation is of the stiffened 

coil nature, 1~ might be pictured in the following manner: -------------......._ .... ___ _ 
Earlier evidence pointed out that there waa two die-

peraion regions preaent with eth7l cellulose in dioxane as well 

as all other solvents investigated. Thia may be explained by a 

nuaber of poesible means. 

One such means would be that of considering the dia-

aolved partiole as an ellipsoid of revolution. The deoreaae 

in the dielectric constant may be related to the alignment 

taking place along the two different axes, "a" and "b", of the 

ellipsoid. 

The low frequency dispersion region would involve what 

may be termed as oscillations about the ma~or axes "b" of the 

ellipsoid. The decrease in the dielectric constant associated 

with the higher frequencies involves an oscillation or rotation 

about the minor axea "a". Thia continues to a point where 

of the ellipsoid do not occur due to the high 

frequency of the eleetroatatic field, after which point there 

should be no contribution to the dieleotrio oonatant of the 
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solution due to the dissolved polymer molecule exoept the 

existence of atomic or electronic polarization. 

In a much less plausible but easily understandable 

example, the model of the dissolved polymer may be assumed to 

be a rigid rod. In a consideration of the phenomena taki.D& 

place the low frequency dispersion region would correspond 

to an end over end rotation of the entire chain. The higher 

frequency region would be the transverse rotation of the chain. 

The former possibility would be more plausible but 

as a eiaple explanation the latter might be considered. There 

must be other explanations which would pe1·hapa be equally 

satisfactory. The author does not in any way claim the above 

to be absolutely Telid as there may be a combination of 

phenomena rather than a single one. 

The oauee for a chain or ellipsoid oscillating or 

rotating in an alternating field should be shown. The polymer 

molecules in this investigation and others reported in the 

literature section possess some degree of polarity. Some 

possess more than others and to date no work is known regarding 

non polar molecules in solution. 

The fact is well understood that negative and positive 

charges will orient from one pole to another if an alternating 

field be applied. The diagram below would be the reverse after 

one oscillation of the field. 



(140) 

+ 

- -

-f 

Figure 40 

If then a polymer ohain with one end positive and 

the opposite negative were placed between two plates and an 

a.c. fiel• were applied, the chain would in some way oscillate 

with the field. A point would soon be reached in which rotation 

of the entire chain could not be possible and beyond thia point 

the aecond dispersion would commence. Thie region as previously 

mentioned was not investigated. Such an explanation does not 

seem to be entirely plausible but if tlJ.e chain ware oonaidered 

to be composed of segments, the reasoning should be more accurate 

(71) • 

If the chain below were considered when a field was 

applied, the unite or segments would act so as to cancel out 

ita neighbor. 
+ 

Figure 41 
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With the positive and negative charges opposing and nullifying 

each other, the charges on the end of the chain would be acting 

or oscillating in the field. Also this high frequency region 

might possibly be due to a segment in the chain oecillatine. 

With dilute solutions the chains should behave 

essentially without interference from others. There is always 

the possibility, however, that there 1• some entanglement. 

This possibility becomes more probable as the number of polymer 

molecules is increased. In the latter case and to some small 

extent in the former the situation might be pictured as polymer 

chains in an entangled fashion. 

The question would then arise as to how the ohaine 

would show any molecular weight dependence. If a chain entangled 

with others were to be oonsidered, there ia no reason to believe 

that the free ends would not oeoillate even though the chain 

would not be independent of the surrounding ohains. The free 

ends must be influenced to some extent by the middle of the 

chain. One mu.at not envision the chains laying flat on one 

another but in three dimensions. There would be contact but 

not to the extent that the entire length would not in some way 

influence the behavior of the ends of the chain. 

Much can be learned also from a study of dielectric 

dispersion at different temperatures. Although this was not 

investigated in this work, it has been in others (89)(115). 

If the above, concerning_oscillation of the chains, 

be accepted as the picture of behavior in solution, high polymers 
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shoUld show a aoleoular weight dependence. Thia ie tru.e, as 

was previoualy pointed out, sinoe the chai:us will follow the 

frequency until they are foroeu. to drop out because of their 

length. This seems reasonable since the first dispersion 

region ia narrower than the second. If lo11t~i tudinal rotation, 

segment rotation, or aid~ ohain rotation were taking plaoe, 

then the second would of neceasity be broader. 

Again it should be emphaaized that the author does 

not olaill the above discussion absolutely valid. There must 

be numerous possibilities and for a oomplately aocurate picture 

a combination of all should be considered. 

Effect of Degree of Substitution 
The ethoxy 001:.tent, aa far as the investigation can 

determine, haa no ef:teot on the critical freq\iency. The D.S. 

range is 11aited by the solvent. The solvents that were in-

vestigated would not dissolve ethyl cellulose with an ethoxy 

content that varied markedly from that used throughout the 

A Tariation o~ one or two percent above or 

below shoved no effect on the critical frequency for the same 

molecular weight material. 

The measurement below vaa not included in the ex-

perimental section but an original material ·of D.S. 47.6% 
was roughly fraotionated to obtain an [7/] of ,.o:, which 

corresponded to a sharp fraction of approximately the same 
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f7!J . The ( Ve. ) was approrlwately the same, considering 

the slight variation in the Jf] , regardless of the D.S. 

Fraotion 
F-X 

F-1 

Electrode Polarization 

D.S. 
IJ.7.6 

48.7 
6.4 
6.5 

As was mentioned the most difficult problem en-

countered in this inves~igation was the measurement of higher 

dielectric solvents an<l electrode pcalarizatiein appears to be 

generally the cause for such problems. '.lhere oa.n be no a·bsolute 

proof with the liJDitea amount of work accomplished as to whether 

the problem was eleatrode polarization or some other ei'fect. 

Electrode polarization appears to oe very plauaiole as it is 

most serioua both in the frequency range in which the author 

worked and with solvents of high oondu.ctivity. As the frequency 

increases the effect ditinishea with aolvents of high oonduotivity. 

The four original solvents investigated wex·e known to possess 

low oonductivity. 

Electrode polarization arises due to irreversible 

reactions taking place at the electrode and possibly caused b7 

ionic impurities in solution or b7 nature of solvent employed. 

Corrections for such sources may be made in quite a 

number of ways, all aooompliahing the same results. The rela-

tion ot Johnson and Cole (60) used in this work is one of many. 
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It would certainly seem possible that polarization wae taking 

place in this work as evidenced and corrected by the use of 

such an equation. Such a phenomena as electrode polarization 

should be of nor.al concern if it can be treated by the proper 

equation. There is however the possibility of combined effects 

which might lead to difficulties not treated by the co::trective 

measures. 

Condenser Methog 
The "condenser" method may prove to be a break-

throueh in the applioetion of high dielectric solvents in 

dielectric dispersion method. 

The method was proven to be accurate in two waya. 

In one experiment, F-6 ethyl cellulose in dioxane, the critical 

frequency agreed to within 0.1 Xo. of the value previously ob-

tained by a differential procedure. Fraction 8 was also in-

vestigated in the same manner and no difference was noted in 

the critical frequencies o,ta1ned. 

In the second s~t o:e expe::-iaenta R.11 of the frac•tions 

used by the condenser method were in agreement with the "net-

work" method previously uaed with ethyl cellulose inn-butyl 

acetate. The "network" method had previoual7 been proven to 

be aooeptable by measurement of ethyl cellulose in dioxane an~ 

benzene. 

This appeared to indicate that the "condenser method" 

could be applied to solvents of high dielectrio constant. Of 
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oourae in each case preliminary investigations will be necea-

sary for any new system. The values of the condenser• in 

parallel with the bridge will have to be adjusted in certain 

inatanoea as well aa the ampl1f1oation required. 

Moleoular Weight from Dielectric Diaperaiop 
This work was not the first that has shown a relation 

to exiat between 4ieleotrio diaperaion and molecular weight 

(46)(114)(115). In two of these measurements doubt exiated 

as to accuracy of measurements, but there existed a very 

definite relationship between moleoular weight and the frequency 

of maxillwD absorption. 

In the author'• Master of Science work a ver-y definite 

relationship for cellulose acetate in dioxane waa found. A 

straight line which resulted from a plot of log critical 

frequenc7 veraus log Degree of Polymerisation took the form 

log D.P. • 2.60 - o.67 log ( ) 

In regard to ethyl cellulose in the solventa inveati-

gated the same general relationahip held. The equationa are 

of the same form aa above but contain oonatanta slightly dif-

ferent from above. Tables XX and XXI show the equations tor 

the five aolventa investigated with reapeot to intrinaie via-

coaity as well as degree of polymerization. 
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TABLE :XX 

CORRELATIOI' OF CRI!ICAL FREQUEllOY AND IN!RlllSIC 
VISCOSITY 10R ETHYL CELLULOSE SOLU!IOllS 

SolTent 
Dioxane 
Carbon fetraohloride 

Toluene 
n-Butyl Acetate 

Equation 
log (100~) • 2.97 - 0.59 logf\t) 
log (100f1/J) • :,.41 - o.a:, log fl~ 
log (1oof)f)) • :;.41 - o. 77 log[v'J 
log (lOOfJ/)) • 3.23 - 0.65 logfv,1 
log (lOOf!/)) • 3.2:, - 0.85 logfVO 

TABLE llI 

OORRELATIOll OF CRITICAL J'REQUEBCY FOR D.P. JOR 
ftHYL CELLULOSE SOLU!IO•s 

SolTent 
Dioxane 
Carbon Tetraohloride 
Benzene 
Toluene 

· n-Butyl Acetate 

Equ.tion 
log P • ,.06 - 0.56 locr/c.1 
log P • ,.46 - 0.82 log)'J~ 
log P • :,.46 - 0.72 log[Vc.-) 
log P • :,.,5 - 0.64 log['Vc;:; 
log P • ,.40 - o.r,o 10,£-vi;j 
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After having determined the equation for ethyl cel-

lulose in a solvent, the molecular weight can be determined in 

a minimum of fifteen minutes. Moreover, the results are equally 

as accurate as any method existing today. As an example, a 

molecular weight can be reproduced by actual experi.Jllent to 

wiihin ± 2.0% over a period of more than eighteen months. Thia 

was done on a number of oooaaions with entirely different bridge 

arrangements and methods with equally satisfactory results being 

obtained. 

As soon as possible, light aoattering results should 

be obtained that should lead to valuable information concerning 

root mean square end to end distance. From below the critical 

frequency is proportional to the root mean square end to end 

distance.. This is shown by using the accepted relationships 

between intrinsic viscosity and root mean square end to end 

distance and between intrinsic viscosity and degree of 

polymerization. 

The above two equations may be related to give 
( '() ,/,_ = f} p 4: + I 

where A• ¢ ,c / /1Jo L-// 

Band C • oonatanta 
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The above equation indicates that the root mean square end 

to end diatance ia in some way proportional to the critical 

frequency. As eoon as thia relationship oan be confirmed by 

actual reaulta, a rapid method for determination of (y'-1 will 

exiat. It would certainly•••• reasonable to expect such a 

relationship to e.xiat ainoe the oritioal frequency determined 

by the dielectric disperaion method and the root mean square 

end to end distance are proportional. The Y~ is baaed on the 

length of the chaina present as was discussed above. 

Rapidity of as well as excellent repro-

ducibility, are factor• that one can never neglect in evaluating 

the merits of a molecular weight measurement. The claim ia not 

made here that the method is ready for extensive applicability. 

Many problema will arise but with patience and peraistanoe 

thia method might well become an extremely valuable tool in 

high polymer chemiatry. 



CONCLUSIOBS 



(150) 

C0lfCLOSI0BS 

1. A 41eleotrio cell, containing a polyaer' solution, decrea1ed 
in capacity over the frequency range of 400 cycle• to 400 kilo-

oyclea due to the presence of the aolution. 

2. A aecom decrease in capacitance wae observed but not in-
veatigated beyond 400 kilooyclea. 

,. The above decreases in oapaoitanoe must be due to the 

decrease in the dielectric oonatant of the solution, ethyl 

oelluloee in varioua solvents. The drop cannot be attri-

buted to a decrease in the solvent or air capacity and 
thua must be a oouequence of the solute polymer moleoul••• 

4. The first diaperaion region may be explained by an end to 

end oaoillation of the polymer molecules and the aecom 

region to poaaibly a transverse rotation. 

5. !he tirat dispersion region has a molecular weight depen-

dence related to the oritical frequency (Ve..) by general 

equation below: 

log K.W. • B + O log (Ve..) 

where Band Oare oonatanta 

The critical frequency ( ~'-) is the point at which the 

diaperaion ia fifty percent ooapleted. It is found at the 

greatest alope of the dispersion curve. 
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6. The above described diapersion appears to be of the 

theoretical Debye type. 

7. Ethyl cellulose appears to behave aa a flexible rod vhioh 

at high molecular weights tend.a to coil upon itself. 

a. Dielectric dispersion curves may possibly be related to 

distribution curves obtained by fractionation. Broad or 

narrow distribution curves can be easily detected at this 

point of the investigation. 

9. Solvents affect the critioal frequency obtained. Benzene 

and toluene show a concentration dependence of the ( Ye.) 

while dioxane, carbon tetrachloride, and n-butyl acetate 

do not. Thia phenomena oan possibly be attributed to an 

association of the polymer and solvent. 

10. High dielectric aolvents may now be investigated by a 

"condenser" method. The measurement of high dielectrio 

solvents waa long a drawback to the dielectric diaperaion 

method of molecular weight determination. 

11. Molecular weights may be obtained very rapidly. This is 

the outstanding feature of the dielectric method. 
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ABSTRA.C! 

All entirely nev method had previously been perfected 

(1) for the determination of molecular weight of cellulose 

aoetate in solution. The applicability of the dielectric dis-

pereion method to other celluloaics was the next step in the 

development of this new procedure. 

Ethyl oelluloee fractions were refractionated by a 

fractional precipitation procedure in order to obtain fraotiona 

that were homogeneous vith reepect to chain length. Ethyl 

aoetate and acetone were used in the ratio of three to one 

(3zl) as solvents, and water acetone in the ratio of ninety-

five to five (9515) was employed ae a precipitating agent. 

The homogeneous ethyl cellulose were in-

vestigated in a number of aolventa - dioxane, benzene, toluene, 

carbon tetrachloride and n-butyl acetate. Thia vas done in order 

that the applicability of different solvents could be observed 

as well as the relation between the Tiaooaity and the critical 

frequenc7. The critical frequency is defined as the frequenoy 
at which the dispersion is fifty percent completed. 

With cellulose acetate in dioxane concentrated aolu-

tiona (5~) were employed (1). In thia investigation only dilute 

solutions (0.5 grama/100 ml.) were used. 

1. Havkine, M. c., Master of Science Thesis, Virginia Polytechnic 
Institute, 1956. 
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Dilute solutiona exhibited a sufficient capacitance 
drop so that a more oonoentrated solution was not considered 

necessary. The oapaoitanoe drop of ethyl cellulose in dioxane 

or any of the other solvents investigated was ten times that 

of cellulose acetate in dioxane. 

A concentration range (0.2 - 0.5 grua/100 ml.) was 

investigated for each fraction in each solvent. Heat treatment 

of all samples was necessary. Thia was done to insure complete 

diaaolution of the polymer. If there was incomplete solvation, 

a scatter of points was observed in each case. 
In benzene and toluene a dependence on oonoentration 

was noted which can be explained by the absence of hydrogen 

bonding of solvent with polymer. Dioxane, carbon tetrachloride 

and n-butyl acetate are all capable of hydrogen bonding. With 

no hydrogen bonds aggregations are possible and the larger 

the molecule the lower the critical frequency. 

·Ethyl celluloee in dioxane, benzene, toluene and oarbon 

tetrachloride was studied 1111ing a differential procedure OTer the 

frequency range three hundred cyolea (~ to four hundred kilo-
cyolea (Ko}. The general relationship 

log (1oof'f)> •A+ o} 

held for eaoh solvent system. 

Ethyl cellulose inn-butyl acetate waa measured by 
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two different methods. The resistance network and the condenser 

method followed the general relation above and were in agreement. 

The results of all five polymer-solvent systems may be 

seen below: 

Dioxane log(lOOlo/J) = 2.97 - 0.59 log CV c) 

Carbon Tetrachioride log (100('J)) = 3.41 - 0.83 log cv c> 
Benzene log(100£?/V = 3.41 - 0-.77 log cv c> 

Tolume log(lOOJo/J) = 3.23 - o.65 log ( 'Y c) 

n-Butyl Acetate log (1oot7j = 3.os - 0.67 log c.J c) 

T~e usual differential method was not employed with 

n-butyl acetate because of the higher dielectric constant of 

this solvent. Higher dielectrics are difficult to measure 

because of electrode polarization. This polarization is an 

irreversible reaction taking place at the electrode. The use 

of glass electrodes was attempted but without success. The con-

denser methcd mentioned above or platinization appear to essen-

tially eliminate the difficulty encountered from high dielectric 

constant solvents. 

The degree of substitution exhibited no effect on the 

critical frequency in the range investigated. This range was 

small due to the problem of insolubility of the polymer. 

The dispersion region occurs in a region of frequencies 

comparable with that of Debye. It is somewhat broader due to the 

fact that the Debye curve exhibits only one relaxation time. One 
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would not aay that the diapersion was ot the reaonanoe abaorp-

tion type ainoe this ia more narrow than the Debye type. 

Two dispersion regiona were encountered but only one 

vaa inTeatigated. The first or low frequency dispersion region 

wae postulated as being related to oscillations about the majQr 

uea of an ellipsoid. The aeoon4 or higher disperaion region 

waa attributed to the minor axes. It was also postulated that 

the entire polper chain did not rotate in the a-o field but 

waa a 0Ull\llat1ve segmented rotation. 

The dispersion region encountered was unlike that of 

cellulose acetate and many other 1;olyaere. The disperaion ra-

tion of celluloae acetate extended from several hundred oyclea 

to one hundred kilooycles. Generally the dispersion region of 

other polymer• is encountered at high frequencies (Mc). The 

ethyl oelluloae uaed in thia inveatigation decreaaed in dielec-

trio oonetant from three hundred oyclea to four hundred kilo-

oyclea as previously mentioned. 

The proximity of the dieleotrio diaperaion and a 

moleoular weight dietribution was noted. If a sharp fraction 

of high molecular weight waa inve•tigated, a sharp diaperaion 

curve was noted. This exhibited a larger capacitance decreaa• 

than one of the same homogeneity but of lower molecular weight. 

The original material or a blend reeulted in a wider dispersion 

CUrYe. 

The method the distinct advantage of being 

extremely reliable with rapidly obtained results. 
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