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processes. Table I11 presents some data for both olefin and total sulfur concentrations in feed and product streams from a hydrodesulfurization process. The relative reactivity of olefins in this process is less than that of sulfur compounds. ACKNOWLEDGMENT
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 Determination of Polyfunctional Amines, Guanidines, Amidinoguanidines, and Melamines by Gas-Liquid Chromatography JOSEPH
 
 J. CINCOTTA and RAYMOND FEINLAND
 
 Central Research Division, American Cyanamid Co., Stamford, Conn.
 
 b Studies have shown that it i s possible to determine many polyfunctional amines, guanidines, amidinoguanidines, and melamines by gas-liquid chromatography. A column consisting of Ucon lubricant 50-HB-5100 on sodium hydroxide-coated Celite 545 solid support was employed a t temperatures between 117’ and 228’ C. All compounds eluted in a reasona b l y short time and gave fairly symmetrical peaks exhibiting very little tailing. Relative retention d a t a for ten diamines, diethylenetriamine, two tetramines, tetraethylenepentamine, two guanidines, t w o amidinoguonidines, melamine, a n d eight methylmelamines a r e given. Based on results of this work, quantitative methods a r e described for 1,8-octanediamine, l11,3,3-tetramethyl - 2 trimethylamidinoguanidine, and melamine.
 
 -
 
 P
 
 guanidines, amidinoguanidines, and melamines are usually very difficult to determine quantitatively using gas-liquid chromatography. Either the compounds cannot be eluted due to complete adsorption on the solid support or they elute with extensive tailing. The extreme basicity of guanidines andamidinoguanidines makes their determination especially difficult. Melamines present detection problems because of their inherent low volatility and solubility limitations which prevent their injection in concentrated solution. OLYFUNCTIONAL AMINES,
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 ANALYTICAL CHEMISTRY
 
 To prevent the adsorption of basic compounds such as amines, anilines, pyridines, and piperidines, some workers (f -5) have treated gas chromatographic solid supports with alkali prior t o coating them with the partitioning liquid. Smith and Radford (5) reported that many diamines gave symmetrical peaks when eluted using potassium hydroxidemodified columns. They found it necessary to coat the support with an amount of alkali far greater than the stoichiometric quantity required for neutralization of the acid sites of the column. Our objective was to explore the applicability of this technique of alkali treatment of the solid support to the gas chromatographic determination of polyfunctional amines, guanidines, amidinoguanidines, and melamines. EXPERIMENTAL
 
 Column Preparation. A methanolic slurry containing 50- t o gO-mesh, acidwashed Celite 545 solid support was mixed with a methanolic solution of sodium hydroxide in proportions calculated t o produce a 6% b y weight N a O H coating on the support. T h e solvent was evaporated first on a steam table a n d then in a vacuum oven a t 60’ C. for about 18 hours. A second coating of 20% b y weight Ucon lubricant 50-HB-5100 (Union Carbide Chemicals Co.) was applied in a similar manner to the alkali-treated Celite solid support using acetone as solvent. When the completely treated support was dry, two columns, 1.0 and 1.1 meters in length were prepared b y
 
 packing 4.6 and 5.3 grams, respectively, of the material into 1/4-inch 0.d. stainless steel tubing with an electric vibrator. Apparatus a n d Conditions. T h e two columns described above were employed for all of t h e work included in this paper but a variety of operating conditions was employed. T h e conditions used to determine retention data for various amines, guanidines, amidinoguanidines, and melamines are given in Table I. I n addition t o gathering retention d a t a for these compounds, quantitative gas chromatographic methods were developed for lJ1,3,3-tetramethyl-2-trirnethylamidinoguanidine (TMAG) , melamine, and l&octanediamine. The operating conditions for determining TMAG (column temperature: 175’ C.) and melamine are given in Table I. For 1.8-octanediamine a Perkin-Elmer Model 154 D Vapor Fractometer was employed. Operating conditions were as follows: column temperature, 147’ C.; helium inlet pressure, 10 p.s.i.g.; flow rate a t room temperature, 90 ml. per min.; bridge voltage, 9 volts. Calibration Procedures for Quantitative Methods. For t h e determination of T M A G , three standards were injected in triplicate covering t h e range 50 to 1007, b y weight T M A G in 4-methyl-2-pentanone, each containing n-decanol as internal standard. For the determination of melamine, monomethylmelamine was used as a n internal standard and dimethyl sulfoxide was the solvent. Four standards extending over the range 70 to loo?& by weight melamine were injected in duplicate.
 
 For the determination of l,&octanediamine, three standards containing 5 to 20 weight 7,. diamine in ethyl alcohol and N-methylaniline internal standard were injected in duplicate.
 
 I/
 
 I
 
 H E I I W T H I L E N E TETRbYINE
 
 RESULTS AND DISCUSSION
 
 Qualitative
 
 Studies.
 
 POLYFUNC-
 
 ALIPHATICAMINES. T e n diamines, diethylenetriamine, hexamethylenetetramine, triethylenetetramine, and tetraethylenepentamine were studied using an alkali-treated Ucon lubricant column. While this work was i n progress, Smith a n d Radford ( 5 ) reported a procedure using an alkali-treated Carbowax 2 0 M column for eluting diamines but not higher amines. The relative retention distances for both the diamines and the higher amines using our conditions are given in Table 11. ,411 the retention distances were measured from the air peak and are relative t o N-methylaniline. All the polyfunctional amines studied were eluted in a reasonably short time and gave fairly symmetrical peaks exhibiting little or no tailing. Diethylenetriamine showed some tailing at a temperature of 138" C. but the tailing became negligible at 175" C. Using N-methylaniline, l,$-heptanediamine, and 1,9-nonanediamine a t temperatures of 117', 138", and 175' C. respectively, the 1-meter column had the normal efficiency of about 1000 theoretical plates. I n the case of triethylenetetramirie, three partially overlapping peaks were obtained as shown in Figure 1 indicating t h a t the sample was probably a mixture. Since the middle peak was much larger than the other two, the retention distance of t h a t peak was taken as that of triethylenetetramine. The elution curve of hexamethylenetetramine is also shown in Figure 1. Three partially overlapping peaks of approximately equal area appeared when a sample of tetramethylenepentamine was analyzed. The retention distances of these peaks were 11.9, 14.4, and 16.9, respectively, relative t o N-methylaniline (elution time, 0.6 minute) at a column temperature of 228' C. Very little stripping of the Ucon partitioning liquid appeared to occur at 228" C. TIONAL
 
 GUAXIDINESAND
 
 AMIDINOGUANI-
 
 The behavior of 1,1J3,3-tetramethylguanidine, pentamethylguanidine, 2- (N,N-dimethylamidino) -1,1,3,3tetramethylguanidine (DMAG), and 1,1,3,3 - tetramethyl - 2 - trimethylamidinoguanidine (TMAG) was investigated. The column had a n efficiency of about 1000 theoretical plates using tetramethylguanidine at 117 " C. and DMAG at 175" C. Symmetrical peaks with very little tailing were obtained in all cases. A typical chromatoDINES.
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 9 RETENfW TIY.YINUTES
 
 IS
 
 Chromatogram of hexamethylenetetramine and triethylenetetramine
 
 Figure 1.
 
 Table 1.
 
 Gas Chromatographic Conditions
 
 For Melamine and Guanidines and -4niidinoguanidines Methylmelamines Instrument F & hI Model 500 Barber-Colman Model 20 (modified) Detector Filament-type thermal conFlame ionization ductivity cell 1.0 Meter 20% by wt. Ucon 1.1 Meter 20% by wt. Ucon Column lubricant 50-HB-5100 on 50lubricant 50-HB-5100 on to 60-mesh Celite 545 solid 50- to 60-mesh Celite 545 support coated with 6% by solid support coated with wt. NaOH 6% by wt. NaOH 225 Column temp., ' C. 117, 138, 175, 228 240 Vaporizer temp., ' C. 275 210 225 Detector temp., C. 300 Ml./min. Helium flow rate 87 Ml./min. Hydrogen flow rate ... 130 Ml./min. Air flow rate ... 2 Cu. ft./hour For Polyfunctional Amines,
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 Table II.
 
 Retention Distances Relative to N-Methylaniline
 
 Relative Retention Distances a t Various Column Temperatures 138" C. 175' C. 117' C. Compound 1.00 (7.1 1.00 ( 2 . 3 N-Methylaniline 1.00 (17.2 minutes) minutes) minutes) Polyfunctional Amines Ethylenediamine 0.057 0.078 ... N,N,N',N'-Tetramethylbutanediamine 0.109 0.135 ... 1,3-Propanediamine 0.114 0.141 ... 0.229 0.251 ... 1,4Butanediamine 0.328 0.388 ... Triethylenediamine 0.406 0.433 ... 1,5-Pentanediamine l,&Hexanediamine 0.74 0.74 ... Diethylenetriamine ... 0.81 0.84 1,7-Heptanediamine ... 1.26 1.12 1,s-Octanediamine ... 2.11 1.76 1,9-Nonanediamine ... 3.51 2.72 Hexamethylenetetramine ... ... 1.96 Triethylenetetramine ... ... 5.41 (main peak) Guanidines and Amidinoguanidines Pentamethylguanidine 0.175 0.211 ... 1,1,3,3-Tetramethylguanidine 0.249 0.273 ... 1 1,3,3-Tetramethyl-2-trimethyl... ... 3.72 amidinoguanidine (TMAG) (CH3)zN-C=N-CN( CH3)2
 
 1
 
 I
 
 (CHI)* N NCH3 2-( N,N-dimethylamidino)l, 1,3,3tetramethylguanidine (DMAG) ( CH3)2N-C=N-C-N( CHa)?
 
 I
 
 (CHa)iN
 
 ..
 
 5.20
 
 I
 
 NH
 
 gram obtained for TMAG and DMAG is given in Figure 2. The relative retention distances obtained for these compounds are given in Table 11.
 
 The guanidines and amidinoguanidines studied are strongly basic compounds and are usually extremely difficult t o determine by gas chromaVOL 34, NO. 7, JUNE 1962
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 Table 111. Retention Distances Relative to Melamine
 
 Compound Hoxsmethvlmelaniine PentametGylamine S2,hT2,hT4,h"-Tetramethylamine iVZ,N2,iV4,W-Tetramethylmelamine s-Trimethylmelamine i4'2,N2-dimethylmelamine
 
 4 Figure 2. Chromatogram of 1,1,3,3,-tetramethyl 2 trimethylamidinoguanidine (TMAG) and 2-(N,N-dimethylamidino)-l,1,3,3,-ktramethylguanidine (DMAG)
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 I2 REiEkTlON TIME ,MINUTES
 
 1 OO(17 8
 
 minutes)
 
 tography. Tetraniethylguanidine, pentamethylguanidine, TMAG, and D l I A G were found to have pK, values of 14.1, 15.9, 17.1, and 17.2, respectively (6). Because elution of these compounds appeared to occur easily using the alkali-treated Ucon lubricant column, it was decided to trap tetramethylguanidine and TRIAG as each eluted from the column to make certain no change in structure occurred. Examination of each of the trapped fractions and comparison with the original materials by mass spectrometry proved that they eluted without structural change. Some decomposition occurred along n ith the symmetrical parent peak when each of the four guanidines 11-as analyzed chromatographically. The amount of decomposition, however, n-as not appreciable and fairly constant for all of them except TRIAG where it varied and sometimes became appreciable. .4n attempt was made to elute 1,ldimethyl - 2 - trimethylamidinoguanidine but decomposition occurred a t the column temperature necessary to elute it (205" C.) and no parent peak n a s observed. Jf'hen l,l-dimethyl-2-N, &Ydimethylamidinoguanidine was injected onto the alkali-treated Ucon lubricant column a t 195" C. and 228" C., it appeared that this compound could not lie eluted except for a few small peaks probably formed by decomposition. Apparently the amidinoguanidines must have a t least six methyl groups for them t o be amenable to analysis by gas chromatography. ~ I E L A M I KUsing E S . the conditions given in Table I, the nine melamines listed in Table 111were eluted. In Figure 3 a chromatogram is given shoiving all of the melamines studied s-Trimethylmelamine and N2,N2-dimethylmelamine elute together giving only a single peak. All of the other melamines, however, exhibit symmetrical peaks which are well resolved. These compounds eluted in reverse order 776
 
 TMAG
 
 Relative Retention Distances (column temperature = 225" C.) 0.132 0.1%
 
 1Y*,S4-Dimethylmelaniine
 
 Monomethylmelamine Melamine
 
 I
 
 ANALYTICAL CHEMISTRY
 
 Figure 3.
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 9 12 RETENTION TlMC,YINUTES
 
 15
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 ZI
 
 Chromatogram of mixture of methylmelamines and melamine
 
 to increasing molecular n eight. K h e n the methylmelamines n ere injected into a silicone grease column a t 225" C., n hile tailing was extensive, the order of elution corresponded to the order of It is, increasing molecular weight therefore, believed that the reverse order elution is probably due to hydrogen bonding of the methylmelamines ith the partitioning phase. Quantitative Studies. By measuring each of the three standards described in the procedure, in triplicate, the relative standard deviation of the TMAG method mas 1.6%. Although this reproducibility is considered satisfactory, the calibration curve did not pafs through the origin. Other small peaks appeared with the main peak n hen purified T h I A G n as injected. To determine M hether these small peaks v, ere impurities or decomposition products, the main T M A G fraction mas trapped as it eluted from the chromatographic column and then reinjected. I n this manner it was determined that decomposition of the TMAG did occur under the conditions of the method but only to an extent of less than 4 area yo. Similar results nere obtained when tests were made on pentamethylguanidine. For the determination of melamine it was necessary to use a relatively large sample injection of 9 pl. and a flame ionization detector because of the limited solubility of melamine in dimethyl sulfoxide at room temperature and the low volatility of melamine.
 
 The sensitivity of the method could not be increased because the noise level became too severe under the conditions employed. An argon ionization detector might have been more suitable but it was not tried. A linear calibration curve was obtained which passed through the origin. The relative standard deviation 17 as 1.1% n hen four standards mere analyzed in duplicate. A linear calibration curve pussiiig through the origin u-as obtained for 1,8-octanediamine. The relative standard deviation for three standards analyzed in duplicate n as 0.8%. ACKNOWLEDGMENT
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