
SEPARATfOM AND QUANJX’ATIVE DETERM1XATION OF TR%UzTHYL- 
OLPRCSPANE AND PENTAERYTRRTTOLS rN INDUSTRL4L StiTHESIS 
SOLUTIONS -BY HfGH-PERFORMANCE LKQUn> CHROMATOGRAPHY 

SUMMARY 

Technical synthesis solutions have been analyzed for their contents of tri- 
methytolpropane and mono- and di-pentaer@u-itols by means of hi&-performance 
liquid chramatography. By using water as eluent, trimethylolpropane soh~tions were 
successfully chromatographed on four different columns, namely, CorasiI 11, Mercko- 
sorb Sf 60, Cyano Sil-X-I and @ondapak C 18. Pentaerythrirol solutions were chro- 
mato_wphed on a pBondapak C,, column with water as mobire phase. Detection 
was accomplished by a refractive-index monitor. The methods have been applied to 
the direct dete_mination af trimethylofpropane, monopentaerythritol and dipenta- 
erythritoI in technical synthesis solutions, no sample treatment (except for dif-ution 
with distilled water) being necessary. The methods are rapid, accurate, reproducible 
and easy to perform; they represent 2 considerable saving in time and Iabour in 
comparison with gas chromatographic methods now in use. 

TrimethyEoIpropane mXP) and mono- and di-pentaerythritots (h%PE and 
X32, respectivefy) are important startin, = materials for the manufacture of plastics. 
“everal chromatographic methods have been proposed for the analysis of technical 
:;,nthesis soIutions containing these and other types of polyhydric aIcohols, as weI1 

s their d&vat&&. Gas chromatography has been widely used, especialfy for the 
~afysis of pentaeryth&o@-‘l but aIso for that of TMP. Because of their _lpw 
~~af%ty, it is necessary to convert the pofyhydric compounds into lower-botimg 
Iers oi ethers by acetylation or silylation; this method of determination has the 

sadvantages of being time-consumin, u and of introducing uncertainty through loss 
’ incomplete conversion_ 

A direct assay of technicah synthesis solutions of ThlP and MPE ~2s desired. 
iodern high-performance liquid column chromatography (HPLC) shouEd be well 
!ited to this buqase because of its speed and high resofution capability. Liquid 
-\hIrnn chromatography has been applied to the separation of v2iiOuS types of PO@ 

. ;:dric &&&7, among them TMpS and erythritolS”. Preferred methods are ad- 



soI@ion chrom3to_~phy OQ SlIi&P and j3ititiOR chromate,= otZF&’ U&g ioik 

exchange resin~*~-~. Drae;b3ks ofthe l2t~e~md~od, however, 2~ the long ehdon 

h&-zles 2nd high iemprrrrures tE_af are gc_neraf& rtX@Zd. Pzper aild th+-I2yer cf”“- 
~~tog~+hy have aim hen plsed nor fie sep2r&on of 3 mmber of $$Ff~~c 
alCOhofS=~J, brat thsz methods 2re !ess stited to quantitative aoa!ysis. 

In the present work, qilantitadve HPLC of _TMP and pentaerythritofs in 
IecfinicaE s~_nthesis sohhoos &s been performed on two types of cOhZns, viz., 

adSo@on coh~~~~s cont&~~ning &I& (cor& ff and Merckosorb Sf 60) and parfition 
CO%Bns v&h chemically bonded statZonzry phases (CJ’ZSZO Sil-X-f and @ondapak 
c&l. Althou& all of the coIumns were snitab!e for the analysis of the TMP Synthesis 
Solution, only the CIS coIuzm gave su&ierrt resoIution of the compounds present in 
tr’le pentaerghritol synthesis sohtion. III 2D instances, water was used 2s mcbife 

ph2se, 2nd the substmces were monitored by a refractive-indes detector. 

A Vatian 4IOO liquid chromatognphy pump ~2s used Ehroughout the investi- 
gation. The detector was an LDC (Laborztor,~ Dat2 ControI) Refrxtomonitor of the 
Fresnel type. 

&orasil PI (Waters Ass., Frankfrrrt/MT G.F.R.) was dry-packed in precision- 
bcred co&zmns (0.5 m X 2.6 mm) 2CCOdR, - to tl:e procdtrre described by Kirk- 
landis. Two such cotumns were connected by meam of low-dezd-vofume unions. 
S&a gel (Merckosorb SI 60; Z&pm particles; E. Merck. Darmstadt, G.F.R.) was 

pecked in 2 0.2 m x 2.0 mm precision-bored stainless-steer coltmm by 2 balanced- 
density-s!txry packing technique 2s described ~JJ M2~ors". The Cyano Sil-X-1 column 

(0.5 m x 2.6 mm; 13 pm patic!es: Perkin-E!mer, Norwalk, Corm., U.S.4.) 2nd the 
,uBondapak C18 (0.3 m x 4.2 mm: 10 ,um particles; Waters Ass.) were derivered pre- 
packed from the manufacturers. 

l&titled water WES mtd 2s eluent; de-gassing was accomplished by means of 
2 water-ejector for E5 tin. The stmdards and the synthesis ~olutiorrs of TMP 2nd 
pentaerytbtitol were obttined from Perxorp AB (Perstorp, Sweden); rhe purity of 
the standards was 96-99 GA and they were used without funher purification. 

CmdirispFf old p&dure 

. The cs!umn parame:ers and peTformnce zre shown in Tabte I. 
Standard so~utiorzs (2-7 ~&ml) of TMP and pentaerythi,to!s we= n;2de up 

in distilled water, 2nd the stsndard curves were obtained by in&&g 3-S-m.1 portions 
of the solutions. A:! qxx%atit&iVe ansfyses were made OR the basis of ieak,-he&t 
measuremer,t in order to s~knplify the procedure. 

The TlMP synthesis solution was diirrted I :25 with distilled water, 2nd 3-g 
portions of this solution were iEjected on to the columns. For the dete&n2eon of 
MPE, the pent2eqTbritoi synthesis sohtiozz ~2s diluted j: jo with &self& water, 



and 4 pl of this sofution was injected on to the @ondapak Crg column. FOE. the 
determination of DPE, the synthesis solution was injected directly on to the column 
without prior dilution. pit_! analyses were performed at ambient temperature (23 2 2”). 

Siii~a gd is predominantly used as stationary phase in liquid &romatogqAy 

in combination with eluents that are non-polar or of medium polarity. In ccmbinatioo 
&h polar SOIY~H~ such as ethanol and water, silica gel provides a fairly non-setective 
systen. FOF the adsorption of pofar molecules, e.g., po&hydric akohols, OR to z 

hydroxyfated s&xi srtrface, the only important adsorption sites are strrface hydroxyt 
groups”, which IrGeract ?vith adsorbed molecules by hydrogen bonding. Three differ- 
ent types of surface hydroxyf groups are usually distinguished, rramely bound, free, 
and reactive hydroxy! gronps, with the site strength increasing in the order memioned. 
Om severe deactivation of silicz by water, all reactive hydrcxyl groups zre selectively 
covered”, thus Ieavine a surface of bound and free hydroxyr groups, which give fittIe 
contribntion to the retention. In a system with silica as stationary phase and water 
2s mobile phase partition of the adsorbate between the aqueous mobile phase and the 
adsorbed water may a&o contribute to Ehe retention. 

TMP is mannfactired by condensation of bJtyraIdehyde with formaldehyde. 
‘The main impurities ia the synthesis solutioo are sodium formate, neopentyl glycol 
WPG), di--TMP and T-MI’-monoformal (T&%F>=; the structures of these solutes are 
ihown in Table 0. Fig. 1 shows the chromatogram obtained for a TM&synthesis 
solution on a t-m cohmm of Corasil 11; the peaks were identified against the retention 
imes of known referemze compounds. Peak I is due to sodium formate, an& peak 2 
3 TMP. Peak 3, which s&htiy interferes V&I the TMP peak, is due to hTG, peak 4 
3 di-TMP, and peak 5 prcbabfy 10 TMF (unfortundely, n reference sample of TMF 
:as not availabte for ide&fication). ,& a flow-rate cf20 ml/h, the KETP was 0.50 mm 
fable 0, and TLO significznt c&tnge in column performance was observed during a 
oriod of about 5 months, during which 500 injections were made on the coiuM% 
1 Table III, the va&tions in HETP, rete&ion time and asymmetq factor (ASI of 
?e peak for TMP are listed as a frrnction of the injection number. 

To check the purity of the TMP peak, it was repeatedfy collected, 3rd the 
zsuking s&&on WES gently evaporated and injected 011 to th_ree other columns 



x 2.0mm. 

= sodium 
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(?&%CkosoFb 10 ,~m, Cyano Sil-X-I and ,uBondapak C&; no peaks except the one 
corresponding to TMP were obtained on any of the chromatogams, thus indicating 
that the separation on Corasil If was su&ient for quantitative assay. 

The use of water as ekent has several advantages, especially in combination 
with a refractive-index detector_ The iow refractive index of water provides ood 

detector serrsitivity, while the relativefy high values of v&xi&y and heat capacity 
contribute to excelfenf basefine stabllky, both short-time noise and fang-rasge drift 

being minimal. Other solvents were also tested as MobiIe phase, e-g., methanol, 
methanokvater, &ethyl ether, acetone and ethyl methyl ketone-water-acetone 
@5:f0:5), but none gave satisfacto,q results as regards baseline srability and sensi- 
tivity. 

A separation of the compounds in the TMF-synthesis sofution equalfy as good 
as ori Corasil fT was achieved on a 03 m micro-particle sika cohmm (Merckosorb 
SI 60, IO pm). Afthough this coiumn was tested during a period of only 3 weeks, the 
sta’bility shorrfd be similar to that of the Corasil Ef column; the HETP was determined 
!o be 0.15 mu at a linear velocity of 0.1 cm/set (Table I). 

Retention of the compounds in the T&W-synthesis solution on the silica 
:&mm is probabty due to a combination of adsorption and partition. TklP, for 
nstance, has three hydroxyi groups that can interact -with the surface Wcfro@ gOUPS 
;f sika. Partition of the solutes between the aqueous mobile phase and adsorbed 
‘-Tater probably contributes to the retention, although the adsorbed water does not 
sist as a distinct Iiq& bom-i&q phase, but rather as a gradient of More or less 
:rongIy hefd water molecuIes. 

ended-pfime chiomatography 
CJXZna Sil-x-I cdw.m. T&s CO~ilM~ containS a pCJk= Station& phase 

~IemiczIZy bonded to a modified silica support; the pokir graups are nftriie goups. 
-hi chromatosam of the TMP solution is shown in Fig. 2, from which it cifn be 
ten that separation between TMP and sodium formate is better on’thk CokUl than 
5 silica, pa&y because of the increased retention cf TMP (k’ = 0.7, Table G. The 
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Fig. 3_ Separation; of components in a TMP-synthesis solution. Cohmn: pEondapak Clg. 0.3 m x 
4.6 mm. Mob& phzse: water (20 mlih). Peak identity: I = sodium formate; 2 = and 3 tmknomz; 
4 = TMP; 5 = NPG. (a), Nu sample dilution, 3 ,uZ injected; (bj, sample diluted I:25 with wter, 
3 ,I! in_ected. 

i hmn performance was not tiected during the course of this work. Should a change 
i- cofumn petiormance be observed, which could be due to non-efuted di-T_MP or 
: *far retained compounds, the column could easily be regenerated (for example, 
1 ’ usin_e pi stronger elueat, such as methanol). Co!umn effkiency was excelferit, 2s is 

! OK'R in T&k f, the HEW being 0.04 mm under the prevailing conditions. 
The pBondapak Ci, system was ako successfutry used far the separation of 

( mpounds in peHtae~~hritof_s~~~esis sofutions. Fig. 4 shows a chromatogram ob- 
: iled for- a prepared mkture of some of these components. Pentaerythritofs z&-e 
I ,‘c;?ufactured by 2lkaIine condensation of acetaldehyde and formaldehyde; the main 
1 -products are DPE, tripentaeryxhritol (TPE), bispentamonofarma5 (PMF), cvdic 
I ntamonofatia1 (C&IF) and cyclic pentadiformal (CDF) (see Table II). Depending 
C ! the choice of reaction conditions, the mairr product, MPE, VriIL become more or 
1~ 3 contaminated witfr bv-products. The chromarograms in Fig. 5. for instance, were 





lted gel network, whi& functions as the stationary phase. Kowever, adsorption 
: kts can pIay a role in some systems. TeIepc’naZP proposed a separation mechanism 
I ~dtirr.g reversed-phase adsorpticrn chromatography on a chemically bonded Erydro- 
’ dxx phese (S&X-II R.P.). LockP claimed that chemic&y bonded phases shoufd 
: : considered as -tiglSy mod&d adsorbents and that seiecrivity was prinarity deter- 
: iced 5y the solvent, while Pmdez5 preferred to c2:il this kind of chromatography 

_ 1. quid-solid partitian &romatoga&y, as the inter&&s resemble those found in 
1 ~id-Eq=tiC;-partition c~omatogqi~y. As residual S-OH groups may remain on 
t .e Surface of'the suppart, ordinary adsorptkn~effects can contribrrte to reteritiOU'6. 





This method gave reproducible result S With syrirrge injection, provided that the 
column pressure did not exceed 25-30 kpjcm”. This condition was fulf%lled for the 
Corasif fE, Merckosorb, and @ondapak C__ Ip cohmms under the conditions used 
(see T&le Il. Ta obtain reproducible quantitative resuEts on the Cyano SibX-I c&mm 
with %ringe injection, it wouE be necessary to decrease the pressure by decreasing 
the %w+rate. This is possible w&hout seriously increasing the anafysis time. 

Z%?~f~$oi~rop~~~e_ The quantitative determinations of TMP were primarily 
pe:forrned on the CwasiI ET coIumn an6 to some extent on the pBondapak Cl8 
cofumn. The standard curve for TMP on the Corasif H colrrmn was rectilinear, with 
gocd correlation within the range investigated (3-200 pg, Fig. 7). The accuracy and 
przccision of the method for prepared mixtures of sodium formate and TMP are 
S’?Own in Table v, 

In Table VI are shown the remits obtained on Corasii II from fO different 
c %er_minations of TMP in a technicaE synthesis so&ion; the analyses were evenly 
s read over a period of 5 months. The mean uair~e for TMP wvits i33.O mg,fd with 

c’ 3andard deviation of E.4 m&ml. Two determinations of TMP on the @3ondapak 
c, column gave the result f3I.O * 0.2 m&ni. Ttis value is iS% lower than the 
i %n value obtained on tl~e Corasil II co!umn. Unfortunatelyi the true vatue is 

1: ‘mom, as t&E is rm o&_er reliabk method available for the determination of 

? .IP. As tfx separation on the pBondapak CL, c5lumn is better, it is believed that 
t 3 value is the most representative, and that the higher value an the Carasil II 

_ c mm arises from the interference of NPG, Fig. I. 
&w~~eryrli&& For the quantitative determination of MPE in techni& sYn- 

tl- :sis solutions, t&c sampIes were d&ted with disfziired water and injected OII to rhe 

p ‘andapak C,, column. For &e determination of DPE, the sampIe was Sected 
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0.399 L34.6 
0.999 132.3 
0.999 134.0 
OS99 135.7 
0.997 133.6 
0.999 131s 
O.QQT 131.9 
0.998 131.7 
O.QQS 132.0 
0.997 133.6 

QUANTITATIVE DEXEfLMfNATION OF MPE AND DPE IN MANUFACTURED SYN’FHE- 
SIS SOLUTIONS Opi A pEHX’iDAP~ Crs COLUMN 

Thk merhod’ GC mettrad 

TF 1165 MPE 7.87 5 0.03 7.11 
DPE 1.13 + O.OL t.06 

MF 141 I MFE 6SE & 0.06 6.60 
DPE 0.2-0.4 0.27 

* Mm of tkeiz iriitxtionz. 

not satisfactory. As the HPLC values were obtained 4 months later than the gas 
&osnato@2iphic resuks, and as the sotrrtions~ are unmbfe, complefe agreement 
letmen the fxo sets of vaiues cannot be expected. 

HPLC has ~been used for the quantitative determination of TMP, MPE and 
J&Z in teknical synthesis solutiom. TMF was successfully chromatographed OII 
XK different columns with water as mobile phase, qhile MPE atnd DPE were sepa- 
;ted and determined OLI a @ondapak Clh columrt with water as mobile phase. 
fete&on was by rm~ns of a refractive-index detector, thick, In combination with 
later as mobife phase, provides mceilent sensitivity and baseline stability. Quasti- 
itive deterrr&agons were based on peak-height measurements and standard CULTS. 

he reIafiv$ standard deviation in the determination of TMP in technical SO~U~~OIX 

-as 1 .I =A, while tb,e mean &a&c enor for prepared &Y~ULZS was & 0.6 %. Results 
-X the dete~&&ons of l&f~~ in te&nfcaaf solutions were in good agreement with 




