
ANALYSIS OF ANES'l1HE'rICS BY VAPOR PHASE CHROMA'rOGRAPHY 

Thesis for Ch 80 

Louis Newman 

September, 1964 

Contents: 

Abstract . • • • • 2 

Introduction • • . • 3 

Ex perimental • . . • • 5 

Results . • • 7 

Discussion . . . • • 11 

Epilogue ~ • . 13 



2 

ABSTRACT 

An analysis of a saturated cyclopropane solution of artificial 

sea water was done. 'rhe solubility of the cycloDropane was found 

to be consistent within 1% for various runs. The value for the 

solubility was found to be 1.86 x 10-2 moles/liter. The analysis 

was done using a hydrogen flame vapor phase chromatograph. 



This research was connected wit h the research done by 

Art Robinson, Ken lvianly, and f/. ike Ant h ony during the summer 

of 196 3 on the ef f ects of anesthesia on s mal l or~H nis~s. The 

animal finall y chosen for the ir re search was the brine shrirnn. 

The idea was to use var ious concentrations of anes t hetics to 

determi ne the poin t a t wh ich 5CT~ of the brine s hrim o were 

a nes t heti zed. Thi s was done f or severa l different anesthetics. 

Most anest he tics we r e liquids and the c oncentration wa s deterrn in-

ed by di s so l vincr; a kn own arriolmt of ·1net,thet ic in a known 

amount of br j ne s hri1rp li fe ;.~iv ing solution ( Artificial sea 

water hencefort h ~nown as Irving~ For cyc lonron::rne.J which is 

a low bo i lin r~ point gas (b. p. -33° C. ), this method was futile 

and t he anes t het ic w::,. s r1re nared by sat1.1 ra t i. ng; a sol1; tion of 

Irving with cyclopro pane , and using the l i t erature value for 

the solubility of cyclopropane in water which · : qs given in 

several p l aces. Unfortun8 tely , all of these re fer ences p;ave 

wildly dif{erent val ues. Othe r problems were the loss of gas 

into the a ir u :,o n h r-rndl inp; the solution, and accurate satur ati on 

of Irvin g . 

Dur ing the su m:1. er o f 1962, :n any di.f fe rent me t hods for 

analyzing anaes t het ics had been tried , but all had f ai led 

because the concentr.'.lti on of anesthetic was so low. However, 

gas chromato graphy offered the mos t promising possibilities~ 

si nce t he hydr o~-; en f lame detec tor had incre::i.sed the sensitivity 
? 

by 10·. Art Robinson looked into the idea of usin~ ~as chro-

matography and de ec ed it feasible. He then gave me the prob l em 

of anal_vzi.ng Irving for cyclopropane and, baneful l y , ot her 
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anesthetics. 

I di s cussed t he proolem at le rn.; th with An~elo Lamola, who 

has a· l ot of knowled~e about the sub~ec t. He thou ght the best 

idea would be to extract the anestheti c from Irvin~ into an 

organi c so l vent such as benzene and usin~ an internal s t a ndard 

in t he benzene to CA.lc.ulate the a n ount of cyclonropane solution 

injected i nto the vapor phas e chromat o ~raph. He re~ommended 

that I use a simp le olefin (1-hexene) as the intern3l standard, 

and that a R; OOd column co use v:oul ·l be a BB .... ... co lumn. At 

the time, he did not lik 0 u sin~ wa t er as the solvent because of 

the damas ing ef~ect on the VPC a nd the poor results that had been 

obtained wit h water. 

This re port only covers a portion of the reseRrch done 

dur ing t he su mm er of 1963 under the NSF Jlro~ram. The rest of 

my research is written up in t~e R 0 n ort of the Conductivity 
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Stud ies Sub~roun of the Group for Anest hesi a Research (unpublished) 

which wus submitted to Pro fe ssor ~auling in September 196~. I 

have a copy of this re port. 



EXPE RI MEN ·.r AL 

Reagents: 1-hexene 99% (r,iathes on, Coleman, and. Be ll) 

benzene rea~ent ACS (Allied Chemical) 

toluene reagent ACS (Allied Chemical) 

cyclopropane (Linde comnressed gas cylinder) 

Irving (An a rtificial sea water ) 

Apparatus: For the pre lim inary investigat ions, I used a Loe nco 

Mode l 15 gas chromat ograph with an ionization detector, and 

no integrator. The quanti t at ive work was done on a Loenco Model 

15B gas c hror.1at og; raph with a hydro 9;; en flame det ector (Loenco). 
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He was us ed as t he carrier gqs. The record er was also from Loenco 

and it was equipped with a mechanic a l integrator. I used a 

25 foot BB ..... column pre pared by An~el o Lqrnol a, which wqs in 

Y4" aluminum tubing. Hamil ton syrin €2; es were used to rneF:tsure the 

1-hexe ne i nt o t he ~;e l ution ana al so t o in,7 ec t the sample into 

the gas chrorn atogr aoh. • The s~stern a s always run at room temp­

erature. 

~rocedure: 1he cyclopropane solution in Irving was nrenared by 

Robi nson, ; anly, and Anthony by bub bling cyclonropAne through 

Irving and keeping the at mosphere at about 1.1 atm of cyclo­

propane over I rv i ng. A 100 ml. aliquot of this solution was 

then pipe t ted or cy linder ed into a precalibrated 250 ml. iodine 

flask. A st andard solution wa _ made up which consisted of 

100 pl. of 1-hexene in 200 ml . of toluene. This sol iition was 

then poured over the solution of Irving in the flask and the 

st oppe r was placed on c arefully so that no air bubbles were in 

the flask. The f lask was stirred magnetically at 20° c. for 

three to thirty hour s. Five pl. of the toluene layer after t his 



thorough ~ixing were then injec t ed i nt o the g~s chromato ~raph. 

Care wus taken t o avoid a ir bubbles in the syrin~e bu t t h is 

was not of prime im portance since the volume that actually 

went through the ga s chromato gr a ph was measured by the internal 

standard, 1-hexene. 

A dif f erent procedure wa s used to find out what the 

gas chromato ~r ap~s response to cyclonronane W8S. A flask 

was covered ~ith a serum stopper and filled with cyclopropRne 

via syringe ne edles . Sampl es of this were run through both 

of t he machines that I usej . ·rhe Model 15 gave me the percenta~e 

of air in the flas\.<:, FJ. nd the 1-!.oJ el 15B gave a peak corresnon:Hng 

to the kno -.,,vn vo lwne or cy c loprop,we i n ;j ected. ·rhus I could 

t ell how □uch cyclo ~rov~ne was in the sa~nles preparej by the 

above me t hod in to l uene. 
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RESUL'rS 

Preliminary Invest igations 

Various materials were put into the ~odel 15 ~~s chromato~raph. 

I look ed for the time it took to elute at room temnerature and 

if there were any i mouriti ~s where 1-hexenP Rnd cyclopropane 

came out. These t imes are all relative to one another. 

Substance 

Air 

·Cyclo -oropane 

1-Hexene 

Pentane 

Chloroform 

Halo thane 

Penthrane 

Benzene (rear;) 

Benzene ( spe ctra) 

Benzene (99.93%) 

Acetone (reag) 

Alcohol (der..3t) 

·roluene (reag) 

l.1ime of 

l min. 

10 min. 

6 min. 

46 min. 

12 min. 

11 r:1in. 

13 min. 

14 min. 

16 min. 

30 min. 

~lution 

20 sec. 

40 sec. 

15 sec. 

40 s ec. 

Irn-i,urities 

yes 

yes 

yes 

no 

no 

,yes 

yes 

n :i 

no 

no 

no 
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RESU LTS 

Resp onse of VPC to cy8loprop, ne 

Fifteen runs were mad e using the previous procedure. The 

attenuation was at xl024. The average of th ese fifteen runs 

was 45.7 with a standard devi a tion sum resi<luAls squared 
15 X 14 

8 

= 1.8 

Pressure (atrn) x Volume= moles x R (constant) x Ternp.(°K) 

739mm 
760mm 1 pl 

n 

= n 82.054 297 °K 

= 4 x 10-8 moles 

Since the staiuard RL ~enuat ion chos e n wa.s x512, the result is that 

91.4 (integ;rat ed .,cale) = 1 .µl = 4 x 10-8 r;;olP.s 

Respo nse of VPC to 1- hex ene 

Five microl iters. of t he s t andard t olwe; ne solution with 1-hexene 

gave a hexe r.e response of 160 on the VPC inte v, r a l. This had to 

be calcul a ted at the time the cyclopro-pane wci s to prevent chanp;es 

in the machine response chan ging the results. 



RESU L TS 

Ana l ysis for Cyclopropane 

1.rhe recorder gave a peak and an integral. The peak for 

cyclopropane was off-scale at an attenuation of x512 so xl024 

was used f or it and x512 was used for 1-hexene which had a 

broader peak. The at t enuator is accurate to· within . ry/o so the 

integral for cyclo propane was doub l ed. Several runs were 

made out of the s am e flask and averaged. All the information 

that I needed is the ratio of cyclopropane to 1-hexene. This 

information was put i n to thP f ollowin ~ rormula. 

Volume (Irving ) x For ~a l i ty ( I rvi n~ )= 
Volume (~olu ene) x F or mal ity ( t olu An ,=, ) 

9 

Vo 1. ( Irv) x ? ( Irv ) = Vo 1. ( to 1 ) x _vv.;:..~...;.CC--=?n .... Ye....;xc'--....;m;.;.. •• o.:...1;.;... "".:...- ...:c..s _ r:.:.,..y....;c_....;h-"-'e;...,,x,__r_e.,..-s ...,.P_-,--...,,.. 
..- eye resp. vol. injected 

100 ml. x F (Irv) = Vol (t ol) 
about 160ml 

(see previou s na v,e) 

x VFC eye 
VPC hex 

4 X 10-B 
91.4 

160 
5 µl. 
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RESUL'rS 

An Bl ysis for Cyelopropane 

Run No. Date Flask Vol. Flask Ratio eye Formality 
mol es 

hex l i ter 

BS 45 9-14 lp inet before 260.60 ml ,x .822 1.85 X 10-2 

2 p i pe t before 259.95 ml 2X .823 1.84 X 10-2 

BS 48 9-17 l p ipe t t)e for (~ 260 .60 ml 4X .825 1.85 X 10-2 

2p i pet be f or e 2 59 . 95 ml 4X .857 1.92 X 10-2 

3ey l dr after 270 .05 I'.1 1 4X .795 1.89 X 10-2 

9-19 lpipet be f ore 260 . 60 rr.l 4X . (378 1.97 X 10-2 

(J:'edone) 2p i pe t oe fo re c'. ') \1. 95 ml '.SX. . 8 '.)8 1.92 X 10-2 j no t i n 

10-2 - av g . 
:,cyldr aft er 270 .05 ml 4X . ? "39 1.76 X 

BS 50 9-21 2 cyla. r be fo re 259.95 rr. l 6X . 8 2S 1.83 X 10-2 

3eyldr before 2?0.05 ml 6X .780 1.85 X 10-2 

Ave rage 29X 1.86 X 10-2 mo l e s 
l iter 
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DISCUSSION 

The main purpose of the eXf!eriment was to insure a consistent 

cyclopropane solution. ·Toe res1.,1l ts ·show that these solu t ions 

were indeed all identical with one another within the limits of 

the accuracy of the experi~ent . Some of the solutions were pipetted 

and some were cylindered . VPC shows that there is no difference 

between these t wo method s. Also one run was taken from a 

cyclopropane solution aft er it had been used to anest~etize 

the bri ne sn rimp and had been st~ndin~ for ~bout one-half hour. 

There did not se 2rn t o be any appreciable l oss of the cyclopropane 

into the air. As another check, one set of flasks was left 

sealed after the ori~ inal r u n for two days and run a ~ain. ~his 

caused t te concentrations to chan~e markedly as both t h e c~clo­

propane a nd the 1-hexene evanorated leavin~ about the same ratio 

but this can not be tc1.ken a s true dc1.ta. 'rhus all the results 

compare favorably with one another and show that the method 

for comparinG them i s valid. 

The absolute v alue of the solubility in Irving has many 

more errors involved. The volume of the so lutions wqs no 

problem but the standard resn onses of cycloor opa ne and 1-hexe~e 

were very p oor valu e s. Idea l ly, for this tyne of ann lysis, a 

kn own solution should be made whi c h contains a known am ount of 

1-hexene and cycl opropane. I could not th ink of a way to do this, 

so I resorted to doin G; t hem seriarat e ly. rrhe 1-hexene was not 

a :jreat [)roblem as it is a liquid and can be handled eas ily. 

fhe cyclop ropane standa rdization is the largest source of error 

in the c alculation. }or this reason ~any runs were made. The 

error in this standardization is about 5% and I think that this 
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value limits the accuracy of the value for the cyclonrop8ne 

concentration. Undoubtedly, an accuracy of 1% can be obtained 

easily ~ith this system of ana l ysis and different standardization 

technique. 

~he work was based on several assumptions re ~ardin ~ the 

chemistry. I do not know if t~e assumptions are valid and no 

investigation was made in t o them . ~he solubility of cyclopropane 

was assun.ed t o be the same in pur e H2o and Irving. The senaration 

constants of cyclo propane, toluene, and 1-hexene between water 

and toluene were assumed to be small enough as not to affect the 

results. 5 owever, syrin~in~ was not accented as a valid method 

for placing a known amount of m~1terial into the VPC. 

The preliminar y investi p;a tio ns indicated that othe r solvents 

could be u s ed, but the nrob ler:: v.r i t h many of them is t'l.at they 

are wate r s oluble. Vari ous anestheti cs were also bried. Pentane 

also wor ~ed well. The ot he r s would be a little more time con­

suming but t he pract i ce of injectin ;:~ one s arrple after another 

would cut down on the time. An anal ysis for halothane was 

done and it 6ave consistent re s ult s . The st~ndardization problem 

with the- liqt;.id anest:1et~cs would be very easy as a known sohJtion 

could b e ma ne. In general, t he re are no decent literature values 

for solub ili ty of anest heti cs. 

My c onclus ion re gardin~ this work is that VPC is an excellent 

method for analyzi n g small concentrat i ons of anesthetics and for 

determinin~ their solubilities. 
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EPILOGUE 

The br i ne shrimp apparatus was dismantled and t he exneriment 

discontinued. Further exnerimenti on anesthetics were done using 

f;oldfish by Dr . .Arthur Gherkin and .vlr. Chuck Leonard. 1rhey 

used water solu tions of anesthetics for analysis. I do not 

know whit the results were of their extensive research into 

this subject. Water solutions app eared to work fine for them. 


