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DRY SUBSTAliJ'CE BY DRYUJG 

versus 

DRY SUBST,fi.NCE BY HU4ERSI ON REFRACTOMETER 

AS MEASURED IN T:HlD NOR.t\1.AL WEIGHT SOLUTION 

F. R. Bachler 

ln the course of mutual control analyses of weekly composite sam:~les 
collected in all the factories of the AQerican Crystal Sugar Company ~~d which 
were exchru1ged between, and analyzed by, the different laboratories, the out
standing disagreements 1.vere found to exist in the item of 11per cent dr.r sub
stance by dryingu. 

~nasmuch as the true purity based upon dry substance by ctrying is 
used as one of the important criteria· in judging individual factory effic
iency, disagreements between the various laboratories in this item bec~e a 
serious problem which finally resulted in raising the question as to 11 how true'' 
the true purity can be when dry substonce by drying at 105° C. could not be 
determined by the different chemists with at least the same degree of accuracy 
as is the case with the item of per cent sucrose by the Clerget method. 

Relief in this respect cnme about in 1933 with the introduction of the 
normal '"eight solution r.1ethod of analy::;is by the author in which all deter
minations are carried. out in the same solution vlhich must be preparec1 for 
polarization and with t!w decision, that henceforth in all of the fo.ctories 
of t:1e American Crysto~ Sugnr Compn..11Y the inwersion refro.ctonetrico~ly detc~ 
mined ~J substance was to replace the dry substo.nce by drying at 105° C. 

This move t-ras justified not only because the ref·ractometric drJ sub
stance of the control sar1ples checkect within even narrm·:er limits than the 
polarizations bu·t also "l1ecause w·e were able to r-ccLduce :proof that TEE WEIGHT 
LOSS .AT 105o C. 1fAS NOT SOL:B~I·Y Du:E r.ro LOSS OF HCIS'..;TJP.::::; Bu"? vv·As .ALSO D"'llEJ TO 
PROJ]',)UliD c::-rEMIC,A.L CF...AJ:JGEiS TF..AT OCCul.~ DUB.!lTG D?..YETG 'JEICE .REStJLT HT .AlT APPAF.ElJT 
LOSS OF AC·J:U,AL DRY S1J:BSJ:.lJ.,TCE shov"l"ing, that the heretofore acceyted method of 
~J substance "by drying at 105° C. \vas giving too in[l.ccurate resi.lJ. ts to \var
ran,t their use for the calculation of the 11 true 11 purity. 

These dry substance losses vre established ·by refractometric measure
ments and it is the purpose of this paper to describe our method of procedure 
anc1 report on the results which have been obtained by drying at 10:)->. k'lother 
series of similar analyses comparing drying at 105° C. with drying in vacul 
at 60o C. with corresponding refractometric measurements vlill be reported 
upon their co~pletion. 

n. 
The method of determining the dry substance of a product by dr-Ji:ng 

rests upon the supposition that under the obs!:lrvance of the ordinru;-J analyt
ical precautions only free moisture is removed and. that no ~tmight consuming 
changes in the dry substance itself do occur • 
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If this supposition is true in the case of sugar products, then it 
should 'be possible ,,rithin reasonable limite to find the same per cent of re
fractometric dry substance in a sample before and after drying. 

To ascertain this point a series of experiments 'll'ere made with pro ... 
ducts of different purity as collected in our different factories in which 
the following procedure was employed: 

The sample 11as first made homogeneous by thorough mixing e..nd knec.ding; 
two portions of 5.200 grams were then weighed out. 

Portion A was made up of l :OO ml. \'ri th distilled vrater of 20° c. .A 
portion of this solution \o~as refractometered at 20° C. The balance was clari
fied with a weighed portion of Horne's dry sub lead acetate and then polarized 
at 20° C, 

Portion ~ was dried under carefully regulated strictly Uk~iform con
ditions at atmospheric pressure at a ter.~orature of 105° C. Constancy of 
vreight W!\S assumed to have 'been reached \vhen two successive \veighings o.gJ;'oed 
to within 0.05% dry substance. (Xn the case of molasses we ran very frequent
ly against tho condition that after a certain length of drying time the weight 
of the dried sample showed an increase rather th~ a decrease in weicnt). 

The sa.'I'J.d used for drying was acid nnd water \vashod. , strongly hoo..tect , 
again wc..shed and finally screened to unifo"rm size. For each doter uination 
exactly 50 grams of sa.'I'J.d were taken. In each case we added 5 ml. of bo i ling 
hot distilled \vater to facilitate uniform distribution of tho sru:r_ple 11i thin 
the so.n·2.. IJ:hirty ninutes of the pro-drying , followed 'by renewed stirring of 
the mixture, preceded the actual drying at 105° c. in the alectrica.lly heated 
oven which was automatically controlled to 1.,ri thin ;!: 1° C. 

ln the case of molasses samples these were first thoroughly mixed, 
then de-aired by heating in a \o~ater jacket ted funnel, screened. through a fine 
mesh f1L~el, allowed to cool to room temperature and then analyzed. All analy
ses were made in duplicate and if the ;results did not agree closely, the test 
was repeated in its entirety. 

The dry matter ioTaS then dissolved with boiling di stillec1 water. The 
soluble portion was transfered to the same 100 ml. flask that was used for 
portion A, made up to 100 ml. at 20° C., refractor.1etored at 20° c., clarified 
-.,ri th the same weight of Horne dry lead as used in portion A and t hen polarized 
at 20° c. 

On 'J:a'ble I are given the detailed r esults of one group of sw.r.Ql es. 
On Table ~I are given sumrr1ary results of analyses of s ir:lilar products collect
ed i n widely separated localities and during differ ent cnmpaigns • 



Tablo I 
Co~aring Refractometric Dry Substance with Dry Substanc·c by Drying 

A. Refractometric Dry Substance and Direct Po:'.arization 

!Item (White Fillmass lintern.Fillmass lRa\<t Fillmass I Molasses 
/No. ; a l b 'Avg,. i a ! b ! Avg. l a ! b l Avg. j a ! b i Avg. 

i~~!-c~-! - ~~;re-~;a~I~~~~ - 2cf6c-- --·l-~----·-ki:1o ~i?:1i; i1!1o -!ii -~gs !- 15-~~o l-i5:~---+i~!~-li~:-~ -i:t~:~--h~:&di~-:~---! lg~~2 -·-
- ..... ,. ----·-···· ------- ·-·--·---···--·----. ··--- ----·· .. __ ., -·-·-· ·-·"-- .............. \ ....... __ --·· ··r ... .... ... ........ . 7_ __ , ... IJ ...... -+--1-.. .L9 ... L ......... 51 __ ........ 5 ............... 5.......... . ___ , ..... .. 3 .. . . .. . .. . . 
Grams of Refractometric dry l l l ; ! : i i ! ! i ! ! 
,.r ·- ~~1?..§..~_81.1 c e ____ --------------------- _ _ _______ 11~_ :2 ____ f~~}j_Q_ Il .. ~!1 I?J~ •.73~-~ ~-._ 75_~-~-.!+~.J 69J_l±_!l5 8 ~~ ~~~QJ __ -~ ·-~~ ~ ~-·-8-~o.J_: ~~-~.3.9.9J~-~ 2~20 ·)~ ? ... 
~ Refractometric Dry Subst,. on i ! , : ' ; 1 1 ! i ! I i 

__ origiilCl:l Il~?duc~ --- ··-- ______ .. -~ 4 . ·--1- · 1- .... !90.9$ . _ ; ... __ .. ) 91_,.501 ...... i ______ i93e8lt i __ .. -!- ....... ; 84.47 
~ ... :Pi.~~ct ~-Pol_9J'J9.9.~t?~--- ;----------·. ··f-.5. ____ .!16~9~ ! d,6.96 ll6,.95 Jl5 • 68 j 15 • .10.; 15 •.69 j:Llf .:1,3 ; 14.15 r~4-~:L4 f-_ .. 9 .• ~_8._j .. 9 .. •5QJ_ __ 9_~49 __ _ 
'!_!na~0_f .. 9:~!~~-~-P.~.!~_rl:E_~-~~ .?.~ .. -~S?E~~~ _6 __ .. 1~!.·-~Q~-i-~ -~~~Q ill- ~l.lf27 ·j!J.- .. _o_n.J. ~-.Q~~ r 4: .. 9 .. 75L:3 ... ~I~.: j_~ q_I9 ... ,J .... 6I.9 .. ~ g_~:+.?5 .l?_ ._~9Q I ?~ ~67 
Ap:parent Pur1 ty i 7 l 1 :9 )ell=i i 1 ' 85. 72 i 175•32 1 ' ! 56.16 

.B. Dry S~E-~~ .. .?Y Dr~ring and Direct Polarization 

Q:~·~e __ of_ _q_rj_g:igaJ.__prQ~U.Q~ ----- _ ... t. 8 __ ~-L5_.2 __ _L _5_.2 ___ 5.2 _ :. 5.•? . i .5 .. !~ . .!. _5_•?. _J_5._2 ~: 5~g __ J, _5 __ .g __ L __ _5_~g __ -j-5-~.? .L. 5..•2 _ 
~~~ ___ ()f __ g,.;-y --~~1)-~-~a!!:~-~------·------- __ ..... L _9 _____ . :4 !_Q9~l.~J-~ 19 ~ :-~~ .. ~-9~-~~~u~~ ~-~-~I?? ;-~ .. ..I?Q _l~-· ~g-~_ 1. t::.. •. 8~-~ -:!i~~-2f.J..4_.gf?_?_ ~ ~""-21:+_; 4._ 2:6s .. 
70 Dry substnnce by drying on 1 ! i I l i l ! i : l ! i 

!:~~~1t~~~}~!I~~5:~!~I:~~~tf-=~t=-=J~a}t=:=i:=~:=~~~~=::=4=-:=~~~t}[=_=::t~~~=t~!~~ 
Apparent purity ! 13 I ' ! 93.SO ! _ _J__ i 86.41 ! l 176.23 : ! 157.80 

c. Refractometric Dr.J Subst~:.nce and Direct Polar. of Re-Dissolved Dry Subst. 

:R~f~_a.ctQ!n~trj._g §_g~l~--g_~g,Q., 2Q?_C •-- _J}:Tf __ ;17 ·57: J:T. 55.1 17.56 ,1 7_. 5~ i. :L.I~ ~Q, 1 I! 99_;1I·9-~JJ7 .•95 \ 1.7_•9J..i_l,Q_.o_?_; _l_6 .05~ 1_6_ ~03 .. 
(}JU_§:_ .. of :Refr:ag~. l?~.§y_F~q ___ d_ry ... subst . ..... ! ~5 .... r±•_996. t4_._9.99L4_--q_92 J~_.]Q_§J!±!: 7_1Q~ 1±.!70_~_j~_·7.97 ! ~.$_()_() . L4:.~ 7.9.?.! 4.• ?~_gj :+,._?9Q_; 4_ .. 286 
%Rf t t . D Sbt I i l. \ ! I ! i ! I ' ! i e rae orne r1c ry u s ance a.s 1 i , ~ l , , : , i : ; l 
_ t_:f_i!}_.QrJ_gtD-al .. l1.~.9 .9c~g~t.. ________________ L16 ..... l ~------1------··· .!9.0 •.?J.J ______ J_ ___ . L9_Q_~5l±J_____ __L _______ [9.? '!.s1L _______ j_ ______ J_8? .lt.? .. 

% .. :Ri;r_e~j; ___ :t'o_;J,~rt~~H.Q!l _______________ .... --\ !I __ jL6. 7.1± .! 1.6 .!~-~ !.1:.6.76.. j:!-5.'!3.411.5 • 36.1 15: .. .35 .. ~13.!65.) 13~70. !.1.J .• .69 j .. 9..!~q ~- 9_!J5_~_9_.J,? 
Q.Ips_ .. _gf_ J:)_i r e q_t ___ P ~).~;:_i z.a::!l9E: __ ~"t;~g r~ ~ e L~ ~----bJ 5 2J~~-· 3 b 1l.~·J553Jl!...-~$. L3.!3:i~1J~~-29~-t3-~5..~9Ji !5.§?_;34!.55~l?.!Jt:?.?_( ?. -.2 7 9J._2_. 3 E ... 
ApparentP·urity 119 I l. l92.88 i I i 8<+.77 ! i l7 .07 1 l !55·31 

Note: Items 11 anct 12 same as 5 and 6 
The difference between i terns 3 and 15 p_.nd i terns 6 and 18 afford a measure of the changes that occur 
during drying. 

Oxnard, Cal. De~ember 1939 (F.R • .Bachlar) 
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Table II - Comparison of Refractometric Dry Substance with Dry Substance by Drying 

A. Refractometric Dry aubstance and Direct Polarization 

Steffens House Raw Fillmass ''Strai ,.h t House B.a.1v Fillmass ' Steffens House Nolasses Straight House l1foL1sses 
____, 

1 ~ Granq Maso1 Aver ·Clarks Mis- IE. lAver- j Rocky! Grand Pliasonl Aver- Clark~ Mis- 1 E. 1 ! Aver..; 
Roc Is- I City age :ourg sou- Grand 1age Ford I Is- City age I burg j sou- ' Grand ! age 

Oxnard Ford i land l i la Forks Chaske O.:xnare land 1 la Fork::Ch.aska 
8 I 3 I ~ " I 4 I ;3 ; 3 2 6 8 ~9 8 3 8 4 23 I 3 l 2 ~ 8 19 
5•2 I 5•2 I ::.: •c: 1 5•2 1 )•2 ,5.2 5.2 5•2 5·2 ?·2 5.2 I 5.2 5.2 5.2 5.2 1 5.2 5.2 ?·2 5.2 5.2 

18.23,18.07 118c06jl8.08!18oll 18.43!18.42 18.22 18.21 18.32 15.61 16.27 16.17 16.07i 16.03 16.26 16.37 15.11 16 .• 17 16.23 
4~87214o825 4a824!4a836j4.839i4o92714.919 4.876 4.867 4.897 4.183,4·356 4.326 4.300,4.290 4.352· tJ-.373 4.314j4.322 4.34o 
93.70 ,92o80 l92o 77 !9.3 ,00 !93e06i,94•75 94.60 93•77 93 .6o 94 .4s!8o .45,83. 77 83.20i 82.701 82.53183.7 84.10 82.96183 .12!83 .47 

!14.20 jl4.Bl lL<;;G Fl4 " 21ill~.39!ilL~.63jl4.83 14.27 14.11 14.461 9-56 -- "-·-- -- - /'_ -- - -~ 9.90 10.12 3.65 ' q·33 9·75 
7 C:n.-,. -z <Lt::f\ i-z 7-z!t .·z hOt:: 1-z 70t:: lh _ $ZM 7. $Zh71 4 71 f'l < _h7f'l h:_ 7hf'll ?_ll$Zh J ') 1::"7.-, .-, C·n 1 '" cr.r· ;,.., \;':).(' L r:-711 

I.J•V:JC.IJ•UJV !J'' IJ-. ~~~ > u:;:J !..JOI'-J!!J•vv• J•'-'.JI .J•!~'-' j..J•'-'1'-' j..J•J'-''"'j'f::=• ''-''-'I~•JU::Jl c.eo731 '-•..,.:77! <-ovvvl "-•:JIC.I'C.•V..).L!C.•:JV) !~;'"T"-0 1c.oJ..)'"t 1 
!75·7 179.7 177~4_t(6.4 ;77.0 !177•2_ 78.4 76.1~~_:76.8 1 29•4 163.5 61.7 58.1 6o. 9.1 6o.l 1 3.1 : o.l I 8.4 

E. Dry Substance by Drying and Direct Polcuization 1 

14=7~2j4:7~5j4 ~?~2 j4: 7~1 114:~~slj4S.~3~4~3;91l4:6~2~4: ~~;lt~~7~3T~~~~9~4:;~3~4:;~9J L~~i~3j4:i~.8!1' 11! 4~i~9[4:;i6l4:i~o ~'I :i~6 ~:i~s !
1
· 

, 91.96191.05191.00 j90 .98 91.25 p92 .36,92 .48 89.84:90.94 l91.4o 177.48 1 82.17: 85·33! 78 ·90t 79 .. 96, 80.17! 81.07 71.23 79.34 J7C1.96 
111.~.20 !14.81 14.36 14.21 r4.39 !!14.63 14.831 1~·.27!14.11 II4.t~6 9.561ro .65j1o .2Sj 9.6o!1o .o2!j 9.90110.12 3.65 1 9·33 I 9. 75 i 
.,3.692 J·850 13·734 3·69513~725!13·804!~·85713·710 i3·670 13·760 2.48612.769, 2.673j 2.499l ~-60612·5721'2.631 2.509 !2.426 !2·5341 
, 77.2 !31.3 •7 8.9 73.1 ,7o.5 ~: 79 .2 160.2 179.4 !77 .6 '79 .1 ,.61. 7 '64.8 ' 60.2 I 6o .9 t b2. 7 J 61.7 . 62.4 j6'l. 9 158.8 ;6o .941 

tric Dry Substance and Direct Pol2.rizati on, Determined on~bove Re-Dissolved Dry Substance by Drying 

ng i l7 ·97!17 .66 j.17.67 117 .82 il7. 75!!.18 .12T
1
18 .07,17 .91~ !17 .90 ll8.02lll5 .17 15.52115.57! 14....,.4-:T4;-;-j-::--lilr-: • ....-:4:r.-4.-:lil:-:5::-·..,b=7 ~~1-5-.Q':-..,3-ti..,...1-J"""·4-5-l-15-·-:::7-:--3-:-:il:-::5c-·=71:-!l 

jl+.803i4. 725 :4.726 i4• 766 !4• 755 1!4.841 ,4.8~2q,, .4. 788j4. 7S6j4.811~L~.063 4.154~· 1+.172 1 4.l)li.4.130Jj4.193! L~.267j4.141 jh.2')6!4.207 
• !92.41119?·85l:0"95j:l.68 j9~·47jl 9~.12J92.: ; .92.15192.05~·92.53H8.12 79.85 1 30.~5 79.45! 79.411180.85132.12173·65 !80.85 !80.86 

1
13.80 14 .. 03 1.L3 r. (8 J.l..3~77 jlJ~79 p llt.17 j lL~.3 !13.85i13.70 Il.~.Ol!j 8.90 9·73j 9.44 8.801 9.2211 9.1sj 9.39 1 3.881 8.5919.01 
3 .58S !3 .6l~g i3 ~ 583 :-.; ~560 !3•to0 j! :) ;634 \3.723 j 3.60113.561 ;3 .643 ~ 2.316 2 ·530! 2 .1.~53! 2.289'12 ·397~ 2 ·3821' 2 .441!' 2.310 !2. 233 2.341 J 

!74•7 !77•2 !75•8 ~75ol.175•7 ''7o.1 177.2 i75•2 174.4 175•7 ~57.0 6o.9 1 58.3 15>).4 58.0 \!56.8 57.2 55-8 153.1 55•7 i 

as i t erns 5 and 6 
;ems 3 and 15 and i terns 6 and 18 afford a measure of the changes that. occur during clrying. 

(F. R. :B·e.chl er) 
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III. Discussion of Results 

Had no loss of dry substance or decomposition changes occurred during 
drJing, then the avere€e refractometric weight of dry substance as determined 
in portion A (Table I, Item 3) and that of the re-dissolved dry substence of 
portion J3 (Table 1, Item 15) should have been very nearly equal. 'ttfe find, 
hoi'l'ever, that during drying at 105° c. happened., a decided l.oss of refracto
metric dry substance as i·s lilhovm by the folloi.,ing figures: 

White Fillmass 
lntermeCl.iate Fillma.ss 
Raw Fillmass 
Molasses 

Total grams of 
Refractometric 
Dry Sub. lost 

0.039 
0.050 
0.082 
0.106 

Loss in % on 
Refr. Dry Sub. 
of _§_ample A 

0.82 
1.05 
1.68 
2.42 

At the present stage of these investigations, we are loo~.dng upon these ;refre-cto
metric dry substance losses as a closely approximate measure of the su.r.1 total 
of act~~ dry substance losses which occur d1ITing drying at 105° C. 

ln regular analytical procedure we would. ordinarily cor.a:;_0are the re
fractometric dry substance of the original product "''i th the dry s'.1bsto.nce by 
drying of the original product and in doing so obtain the follov.ring cor'lparisons: 

White Inter. Raw 
Fillmass Fillmass Fillmass Mol~ 

Grnms of Refrac. Dry Subst(item 3) 4.731 4,758 4.880 4.392 
Grems Dry Subst, by drying (item 9) 4.698 4.720 4.822 4,268 
Dry Subst. by drying is smaller .033 .038 .058 .124 
Diff. in% on Refr. Dry Subst. 0.69 0.79 1.18 2.82 

These differences are large enough to cause !ll)]?reciable variations 
in purity as seen in the follovfing comparison: 

~/hi te Inter. Rro;.r 
Fillmass FiJ.lmo.ss Fillmass Molasses 

.A.ppar. Purity by Refr. (item 7) 93.15 85.72 75.32 56.16 
Appar. ~urity Dry Subst. (item 13) 93.80 86.41 76.23 57.80 

The analyses show that the removal of moisture by drying at 105° 0. 
is n.ccomj_J.:>..nied by a far reaching decomposition of original solicl mo.ttor ,,,hich 
becomes ma11ifest by E1;ppreciably lowered polarimetric and. refractometric readings-

These1ossea appear smallest in the white fillmass and are greatest in 
the final molasses. Token as a whole. they nre lower in non-Steffe,ns than in 
Steffens houses. 

It cannot be g~insaid that the effects of heat and time during drying 
become mnnifest in t\vO clirections; the one resulting in a direct loss of dry 
natter a.ue to volatilization of sone of the solid constituents, tho other of 
causing chnnges in the refractive :i,pdices of some of the soliO.s. These refract-
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i ve cl1ru.1ges when going in one direction \¥ould tend to simulate a loss, or, if 
going into the other dircctio~, indicate n gain. For these reasons the re
fractometrically determined dry substance losses m~st, in the oee~1tine, merely 
tv.ken as proof that the official method of deterr.1ining d;cy substn...rwe by drying 
at 105° C. is not dependable and that, therefore, tl+e 1r true puri tyu bn.sec1. ther&!
on is in reality quite far from the truth. 

i'l'ork, which is underway, (but '"hich is not yet supported by a large 
enough number of analyses of low purity products) indicates, that ~J substance 
determined by drying in vacuo at 60° e., and the refractometric dry subste~ce 
as determined immersion refractometrically by the Oxnard normal weight solution 
met!l.od, show a ver~r close agreement \vhen checked by the above described nethod. 

~heoretical yield calculations of fillmasses based ~pon the refracto
metric dry substance purity agree very closely with actual yields. This feature, 
'i'le holo., is the best proof for the d.epen.dabil;i. ty o;f the refractometric raethod 
Of a..'Ylo.lysis over the doupl,e dil,ution :B;r~x, or the dry substance by c1xying , meth-
od of a-'Ylalysis. · 

TEE pH OF THE S.AltEl SOLUTIOH AT TEE ~IST!HG OPEP..ATING 

~EH:PERA;~UR.'li:S I1T ~B:El :r AOTORY 

F. a. :Bachler 

I. 

The occurrence of unseemly high percente~es of invert sugar in the 
final molasses is at times observe~ in every beet sugar factory. Aside from 
the accidental possibility now end then of a distinct~y acid pH condition dur
ing some phase of the process, it often cannot be rea~ily understood wl~ invert 
sugar should occur in what meycy sane be considered to be a sei'ely pH nlkaline 
house. 

A clue as to the principal source of such invert sugo~ occurrences can 
be hac. only frOr;1 a systenatic and often very protracted invert su.gru: survey 
which must begin \vi th the thin juice and end vrith the nolasses , inclucling all 
internec.iate steps in the process. When invert sUgar is f ound at all it vrill 
nearly olvmys show up in the thick juice first, ;ret :practically never vrill there 
be any invert sugar in the thin juice entering evaporators. From the t hick 
juice stage on there wil,l, likely, be found relatively little ac1c:l ;i.t iona~ invert 
sugar provided, of course 1 that the pH of the \vhi te fillmass wr1,s not clloi'I'Od to 
dro-p belo1!r 1)H 7. 5 and th,a t of the succeeding fillmasses not beloit pH 7 .3. 

From these obser vations we conclv.r.~.e tr.<l t t he b'U.lk o:t; the invert sugo.r 
found in the molasses originates from thick juice, Since the thin j"dce enter..,. 
ing the evaporators was free fror.'\ invert sugar it :follotr;s t hat all tho i nYert 
sugar in the thick juice was formed. d1-1ring evaporation. :By fm.,th,er ext ending 
our search to the ju.ices of the diff £)ron t cva:poro. tor bo d.ies, >·m find t:!:J.D .. t ap:prox ... 
imately 78% of the invert sugar in the thick j4ice originated in the first body, 
about 2o% \'Tere :forned in the second body O-'Yld the rer.1ainder of 2% "'as forued in 


