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Thlf» rrtvirt wrui j>rop&rp<J by the Nftticnal Bureau of StamlflrOc Cryogenic Engineer- 
»,ler ¿. Z Air tonic Centred No. 33(ol6V,»-A. ftl. contrat «. 

tntt li'trd nirlcr Protect :i". n.(<J.7i60), "ncneoptyclcnl lYopertlc» of Cryceen« 
filter lair". Tank No. 73^03. Ute work vnr. ft<l'r,inletervd under t*ie direction °f th> 
rhynlcft laboratory, DlrretorAte of Uborntorlen, Wright Mr Oevelojinent Division, 
with Mr. ritul W. Dlmiduk acting no project engineer. 

Thin rejvjrt covers work conõucted from JanuAry 195Ö to March 1959- 

’’he folliAtln« menbers of the Cryogenic F.r.glneering Lab'.'ratory Staff contributed 
to thici phnoe of the corjendlvuns D. B. hhnn (tank author for helium), Iv. t. E. E. 
nerrnnn (unV author for hydrogen), Dr. K. D. Tlmnerhaus* (tor.k author for neon, 
ni trocen nt»! carbon monoxide), John Maclnko (ta«k author for oxygen), 0. A. Van Oundy, 
arA W.* J. Velgle (task nuthere for air), Dr. P. t. Uarrlck* (task author for argon), 
H. K, Hobblnn (tank author for fluorine and nrtlumo), R. t. Powell (task author for 
then'ml conductivity of nolldo), and Dr. D. J. Corrucclnl (task author for expansivity, 
uncirle heat and enthalpy of solide)} R. D. Scott and R. H. Brcwn reviewed most of 
t»io OUita olmcto, noted nany inconuintenclen and offered winy oug/^stlorj for Improvlng 
tim validity and unefulner.s of the data; Dr. R. D. Goodwin plaruied tlA program for 
compiling the eon^x.ndlan and initiated work on It. (He also along with Dr. Corrucninl, 
conferred with the sponsor (WADC) and Armour Research Foundation regarding the scope 
nn*l arran/’.enent of the compendium. The proposal aiA contract were evolved from this 
planai rig. ) D. B. Clielton (literature scarclms for nitrogen aiA carbon tarnoxide)} R. V. 
Gnitth** r.iA ft. E. Stewart*** (hydrogen literatura searching)} Dr. V. D. Arp and J. J* 
On levo k compiled data on specific heat and enthalpy cf solido; ?.. J. Rasnwonen and 
R. D. Troycr, graduate ítuionts, annembled much of tl*e data for typing and drafting 
of trie dn*n sheetsj J. A. Brennan and J. R. Gaboon monitored completion of the data 
Bheetn or i proj-nred chock prints} W. W. Bulla and 0. A. Reynolds drew wist of the graphe} 
(Vrvvlevr .líetela and Signe Hartley typed maot of the data cheeto; and D. E. Jordan 
i\tolo'.cd In final review and completion of the compendium. Many otl»r staff members 
contributed to the comoenilum In numerous vnyo but It 1« difficult te nana them all and 
Identify Uieir aid. Tnc task wac a huge one and all contrlbutlona wert valuabla. 

fVtny oUrfjrn who were sent preliminary copies of thla compilntion contributed 
Helpful fiu'geot.lonn arvl crltlcioi*» of t’le rxitcrlnl which han materially Improved 
tlie final presentation and its accuracy. Tlie following In a partial list of such 
contribution! I.'Sinon oad I. A. Black of A. D. Little Co., F. Din of IVitlsh 
'«vgen Co., 1. C. Matr.ch nrA ntaff of Linde Co., W. B. MltolteUnf c.mvalr Astronautics, 
T. I. IV’ll of Drltijò. Royal Aircraft E-Jtabllntjwnt, Paul Hcrnaalet of U* University 
i.f Call for r. In Mediation laboratory, W. T. Ziegler of Georgia Inntitute of Technology, 
I'. ?. J,1 ley of TMrdur Univerclty, E. J. Dethke of National Cylinder Gas, W. f,. Schaefer, 
of Air Reduction Sales Co., and H. Ztebland of Brltlnh Ministry of Aviation. Their 
hel)> and t»»« lie Ip of r*uty otherc lu gratefully acknowledged. 

The »-rrortn of Genevieve Michela In carefully supervising the many changes arA 
correct lorn 'Wide throughout the cenij^ivllum nui pieparln«' it for final isibllcatiun 
lire nine«*rely appreciated. 
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ABSTRACT 
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HiIii first phfteii of the Compendlua covert ten properties of ten fluids 
(Pert l), three properties of solide (Ptrt II), ond an extensive bibliog¬ 
raphy of rcfcrencee (part III). Density, expansivity, thermal conductivity, 
spec1f1c heat and enthalpy, trannltlon heats, phase equilibria, dielectric 
constants, adsorption, surface tension and viscosity for the solid, 11. id 
snd gas phases of helium, hydrogen, neon, nitrogen, oxygen, air, caxtob 
monoxide, fluorine, argon and methane are given wherever adequate data 
could be collected. Thermal expansion, thermal conductivity and specific 
best and enthalpy are giver for a uunoer of solids of Interact In cryogenic 
engineering. Data sheets, primarily In graphic fora, are presented from 
"best values" of data collected. Ihe source of the material uaed, other 
references and tables of selected values vlth appropriate coaoentt are 
furnished with each data sheet to document the data presented. Conversion 
tables and other helpful Information are also included. 
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CHAPTER 1. Density of CryoRtmlu pi- id,* (fioo includes In soa» 
loiitanres: P-V-T Vntn, F^untiono of ¡3tnte, Atóale 
Weight, VIrial Coefficient!», Molal VoUuae, etc.)..l.OOO»« 

CHAiTER 2. rjcpanolvlty of Cryogenic Fluids (and Coefficient of 
Expansion).  2.000 

CHAPTER 3. Thermal Conductivity of CryogeLlc Fluids..3.000 

CHAPTER 1». Specific Heats (Constant Volume, Constant Pressura, 
Saturation) nnd EnthaJ.py.  4.000 

CHAPTER J. Transition Reain of Cryogenic Fluids (Heat of 
Vaporlxition, Beat of Fusion, Heat of Sublimation, 
Phase Transition Heats, Heat of Converrion, etc.).5.000 

CHAPTER 6. Phase Equilibria of Cryogenic Fluida (Vapor Preeaura 
of Solid and Liquid, Melting Curve, Critical Point, 
Konrai Boiling Point, Triple Point, Boyle Point, 
Inversion Temperature, etc.).....,.,6.000 

CHAPTER 7« Dielectric Constants of Cryogenic Fluids.7.000 

CHAPTER 8. Adsorption of Cryogenic Fluids.  8.000 

CHAPTER 9, Surface Tension of Cryogenic ulquldn...9.000 

CHAPTER 10. Viscosity of Cryogenic Fluids.  10.000 
• - 

APPENDIXES 

• General Contents only; detailed contents given at the beginning of eo«h 
chapter. 

** Code den I gnat!on sequence used In lieu of page numbers to permit 
Internal expansion. 
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NOTi TO 0¿UI 

Thl« volume lo Intetulrd baoieully ao a loooc-lcaf 

repoii for contlnuouu exiiunolon ar><t revisloa as new 

tnd revi«cd data nheeto are produced. It haa been 

bound nu an economical meuno of auiK'mbly and dis¬ 

tribution. It lu aleo punched for standard three 

hole blndero that are available from many commer¬ 

cial Bourceo. A olmplc method of removing the 

bound cover and loouenlng the ohceto io to shear 

off approximately l/l6" of the bound edge In an 

Ordinary printer» ohenr. 

Haauecrlpt ralaatad for publloatlon August IVoO ss ■ UADD Tsoholcsl hsport 
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A. Grncrul IntrCHlactluo to rhanc I of the Compilation Progrnm 

In the pant ten year» there hn« been a greatly accelerated growth 

of Ihtercat and activity la cryogenic engineering. Front a few InduBtrlnl 

appllcutiom» auch aa the liquefaction of oxygen and from laboratory ocale 

itmearcb at !<« temperaturco, the activity hao upread to nuclear react«iro, 

controlled thermonuclear reactlona, high altitude flight, mlaallea and 

rockotc, the une of cryogenic fueln and oxidante, nuclear pevered rocket«, 

and tranuportatioa of liquefied gancoj to name a fev areao of application 

In thin ever widening field. 

An a result of the increased cryogenic activity, and the rlgcruuj 

technical demand« that often occur in new oppltcatlona, It soon became 

apparent that a great deal more information and data on the properties of 

materials at low temporaluren is nee<oct by dealg.1 englncern and physicists 

than Is now readily available to them. The Wright Air Development Division 

of the U. d. Air Fore«, which is conducting and sponsoring a large amount 

of engineering dovelopornt Involving cryogenics, arranged with the National 

Bureau of Standards to undertrlr* l program of collecting and compiling data 

on the thermophyoleal propert'ea of materials used In low temperature 

applications. T*>e program was ntarted early in 19Î»0 by the Cryogenic 

Knglneerlng laboratory Staff and this co(u])endluR presents the flret pttaso 

of the work. • 

The scope of this first phase Include« a« extensive a literature 

search as wan decaed practical and the correlation and presentation of data 

on ten specified properties of ten of the most common «Myogcnlc fluid«. It 

also Ineluden three of the more pertinent properties of a number of solids 

used at low temperatures. The upcclfled temperature range of primary 

Interest was from mar absolute zero to UO*K. Where desirable and practic¬ 

able, however, data are Included for temperatures up to n«*ur room temper¬ 

ature {}QO*k). Upon the selection and presentation of the "best values" 

found In the literature graphical presentation of the data ts also made 

where piactlcable. It wa-» stipulated that the metric nyutem of units be 
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ua«?<l for Uh* primary coordlnuiea of grophn «r.«! t-hnt. "Knrtlloh" or < „ln«er- 

i«v: unit» ni no he shown nu ullemute coojillnateo to nid design rntfiweni 

not nonuotomnd to metric unit*. 

Hie plan ndopted for organlxlng the compendium embodied tw»> bnalc 

fenlures. One wno a "loone-leal''' leulipi allowlnti mc>re dat* to be added 

ao It became avalluble. The oi.her concerned the numbering »eherne for 

arranging the data uheeto. Conulde^lng that there are a limited number of 

properties of materialn and almoot an unlimited number of snlrrlnln that 

might eventually be of Interest, the primary arrangement van made by 

propertied and a secondary order entnblinhed for material*. Each dnt* 

sheet then 1» mude complete and •omewhat Independent of any of the other 

date sheet«. Eich lo «eolgncd a code number by property and material 

classification and placed In the compendium In u corresponding order. 

Hie data aheeta aie designed ln euch a Banner as to eerve both the 

design engineer who necdo preselected values suitable for direct uae and 

the reaearcher who io Interested In the nature of the data and how It vae 

derived. The "best values”, or whet are considered to be the most probable 

values, have been plotted no a full page graph whenever practicable with no 

encumbering deviations or alternate values. This is intended primarily for 

the design cnßinccr. Au complete a documentation ao feaolble 1* given to 

support etch graph and to aid thoae interested or In need of a mom thorough 

evaluation of the data. Ht la include* the oource of the dat*, other refer¬ 

ence» of merit, brief cooncnts concerning the d«ta *nd e tabulation of 

values »elected from the source. Occasionally, alternate value* frc«n other 

references are tabulated also for comparlaon purpoHcs. In most caees the 

values are given Just ns they appeared In the source and accordingly the 

url. ta are not necessarily the a «roe au used on the graph. By doing this, 

possible conversion errors were clii»lii«ted and the full significance of the 

values retained. 

Hila first phase of the program was divided Into a number of tauhe 

for assignment to qualified senior staff members. Hie task break-down for 

the fluids watt by untrilnl and so there were ten nuch tasks. The break¬ 

down for solids was made by property resulting lu three additional tasks. 
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lt»o pernon «ünlwiM a Ifmk 1« referred to an a "tark author". It vnu the 

tank author's recponsihlllt.y to nake as complete a literature eearch as 

practicable and record the scope of his «loarch. He also selected "beat 

values" from the references he found end made pertinent coesnente regarding 

the data, lie then preacuted It' to the "general editor" for preparation of 

the data aheete. Btudent aides from the University of Orior&do (both 

graduates tnd undergraduates In engineering) were used extensively in 

preparing the detailed data sheets. They also assisted the senior staff 

members An Identifying references In the literature search. Ihe Cryogenic 

Data Center playea an Important roJ.e in actually obtaining documenta for 

task authors. It also profited as a recuit of this assistance slnca tha 

literature oearches turned up nearly two thousand new references of interest 

in cryogenics. 

Divlolon of the work in the manner Just described has both advantages 

and disadvantages over other erraagesanta. A major advantage lo that use 

can be made of a great diversity of talent by seeking help from persons 

aost rastillar with the subject matter. On the other haad# these people are 

usually the ones that already have Iho greatest demands made on their time 

end no It Is very difficult to achieve orderly progress of the work on a 

reaoouable time ochedule. A somewhat better arrangement from a scheduling 

standpoint might be to have about two experienced persons working full tía» 

Irmtsad of ten cr more on s hlt-and-mlaa banis. Two difficulties Immediately 

become apparent. One is finding peraona with broad enough experience to 

handle a vide crosa section of subject matter as is represented In this 

work who would accept the tedlousners of such a task for a year or more. 

The other is Lnat no one or two pernon* can ponness the general knowledge 

that is usually represented by a large number of persons each working In e 

nomewhat specialIted area. Present planning for the future phases of this 

work Is to reach uomc kind of s compromise between the two plans, l.e. 

have at least one full time experlenoal person carrying the bulk of the 

search and correlation load but utilité numerous other staff mrohera to 
review and crlt'clte the data derived. * 

'Ihe nextphate of the program (Phase T.l) le already well underway. 

■ 
) 
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It ccwcm the follovl.rw' nddltionAl propcrtle» for ecorntially the caw. 
materials an included ln Fhune I: 

Cotnprenalblll ty Factor (Z 

Conpren.ilblllty 

Coinprecaibiliúy Coeffle 

ravwur \u V 

[•HilJ 
pv/rt). 

and . 

Tliomal Conductivity Integral« 1C H 

11.000» 

12.000 

13.000 

Entropy (ö)....    14.000 

Velocity of Sound...1^.000 

Solubility (2 component mixture» of liquida 

and p.ai'e«).  I6.OOO 

Electrical Heslatlvitie».17*000 

Ferromagnetic Proper ties....'.10.000 

• This number repretento the coding »equence. 

It will be laaued an a eupplenent to thla firat pbaaa of tlie Compendium 

and will be arranged for uniform continuity. Thera aleo will, undoubtedly, 

be revlalona and addition» to the raterial laaued her* aa inconaiatenclea 

and better data are discovered. Fevlned data sbeeta will be prepared and 

leouel to Bupplant or supplement the current one«. 

Commenta on thla compendium will be greatly appreciated. They should 

he cent to the Cryogenic Engineering Laboratory, attention of the generml 

editor for the WADD Compendium. We would aleo appreciate ïInformed 

of any errors (t.ypogmphtral, or other^cc) that mny be dlr.cov* red and any 

new Information that uoero may have that would enhance the va?.<u of thla 

compilation. 

D. Intrcducti.ua to Part I 

Thin Compendium la divided into thrve partr for convenience; Part I, 

Fropertlen of Fluida; Part II; Properties of Solid«; and Part III, 

Bibliography of Bcfcrencci», Crooo-Indexed. 



''VT^V 

' 

» 

i 

4 

I 

I 

Th* following arp ’.h* Propart ica and llie Fluida Inoludad io thla plissa 

of th» work. 

1. *- Density 

2. - E*pan*lrlty 

3. - Theraal Conductivity 

U« - Specific Beat and 

Enthalpy 

- Transition Boats 

6. - Ffcnne Equilibria 

7. - Dielectric Constants 

8. - Adsorption 

9» - Surface Tension 

10. - Viscoelty 

(«These ara tha coda numb ero assigned for sequence cf presentation.) 

Data sheets are presented individually for each property and material 

combination that was found in the literature search. Separate data aheata 

•re included for each phase or state unless a clearer interpretation could 

be cade by shoving more than one phase or state together. For instance* 

separate data sheets are (Iven for tha apeclfio beata of aolld* liquid* and 

gC'Seoua hydrogen* but a single data sheet presents tha the real conductivity 

of liquid and gaseous nitrogen. Kusseroua combinations of property and 

material on sesae phase* or states of a Bate rial or temperature ranges of 

Interest are missing In tha compilation. Such omission indicates that no 

information was found is lhe search and perhaps say be that no measurements 

have been made in those erees for those cases. Where infonsation does exist 

but was not found in the search* it la planned that data sheets will ba 

prepared as tha Information la received and added to this compilation. Like¬ 

wise* where better information than now presented is developed or found* • 

revised data shoot will be prepared to replace tha current one. 

The graphical presentation of "best values" selected fnai data given in 

the literature is made on full-p«i5e graphs as far a* practicable. Metric 

units are used for the primary coordinates* but * Englluh or engineering 

units are also given as alternate coordinates except In a few Instances 

> < 

Hellua --- 

Hydrcgen - - 

Neon ---- 

Hitrogen - - 

Oxygen --- 

Air - - - - - 

Carbon Monoxide 

Fluorine « - 

Argon ---- 

Methane --- 

- .001« 

- .002 

- .003 

- .00¼ 
- .005 

- .006 

- .007 

- .008 
- .009 

• .010 

> 
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vnere the metric unit» are regularly uoed by englneem. (it mlglit be noted 

that alternate une of calórica and Joulea exlota among eomc of the graphs, 

ïhe Joule la now the accepted metric unit of energy, but xmfo'rtuuately come 

of the first graphe were prepared ualng calorie* and have not yot beca re¬ 

drawn.) Careful note ahould be made of the unite uncd when picking value» 

from a graph. Not only ehould the exact dlmenölonn of the units be noted 

but alao the magnitude of the unit* For Ina tance, ¡some unite are given In 

vatta, othera In milliwatts or microwatts, etc. Also, occasionally there 

la a note to "multiply by 10"3" or "multiply value by 10“5", etc. For ell 

Ins' meca, this meam» to multiply the ruarrlcal value taken from the 

graph by the number given. It has no direct reference to the ilze of the 

unit. For example, a value of 317 ray be read from s graph that ban a seta 

to "multiply by 10'1*". The actual value la .0317 of the B^en. %e 
curvea on the graph» are often plotted for a limited temperature range 

because of the limitation of available data. It 1» dangerous to extrapo¬ 

late such curve» beyond the extent plotted because of trnnaltions and other 

anomalies that freouently are present but not Indicated. 

Conversion table» of dimensional unit» pertinent to a p&rtlculsr 

property are given at ths beginning of each property chapter. Other eon- 

vornion tabica of more general application have been Included for uasrs* 

convenience as appendixes. 

C. Qcope of Literature Searches 

Specific literature «carche» were made by the task author» In on effort 

to ourvoy aa much of the publlnhcd literature na posolble on the thermo- 

physical properties of matertala of Interest In cryogenic engineering. Th» 

principal Indexe» erd blfcllogniphy uerviceo used for ooarchlng out the de- 

oired literature were: Cheolcal Abotracta, Ihyolca Abotracta, ¡finglneerlng 

Index, InduutfUl Arto Index, ACME Sevcnty-neven Year Index, Dl.anertatlon 

Abutmcto, Bureau of Mineo hibllographleo, and other published blbllog- 

mphleo. The usual procedure was to oearch the Indexes of tha various 

abstracta and note all Items that might pouolbly pertain to the desired oub- 

Jcct D»att-er. A review of the actual abstracts of the referenced literature 

then Indicated more conclusively whether the article was pertinent. Articles 
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« '\ected wpiv then ordered fron varlouo library oervtcca and reviewed ln 

full text. All artlclea that contained pertinent Information were then 

Hated In the applicable bibliography of references end considered In the 

selection of data. There is listed below the extent of the specific 

searches nade for each task: 

b. 

Properties of Helium 

a. Chemical Abstracts: Volumes 1*6 thru 1*9 (1952 - 1955) 

ASMS Seventy-Seven Tear Index, Technical Papera 1000-1956 

Subjects Searched - Oases, Heat Trans toiasion, Liquids, 

Thermodynamics, and Viscosity 

Engineering Index: (1950 - 1956) 

Subjects Sfiftiohed - '■** Analysis, Density, Oawcs, Best 

Transmlealon, Helium Liquids, Low Temperature Engineering, 

Thermodynamics, and Viscosity 

Industrial Arts Index: (l9l*3 • 1957) 

Subjects Searched - Ballua (this sols listing was deemed 

sufficient) 

Bureau of Minos Bulletin 1*34) Helium: Bibliography of Technical 

and Scientific Literature from Its Discovery (1Ô66) to 

January 1, 1947« 

Bureau of Minas Information Circular 7344. A Comprehensive 

Bibliography from 1933 to 1945» 

d. 

f. 

Properties of Hydrogen 

a. 

b. 
c. 

Chemical Abstracts 

Physics Abstracts 

Industrial Arta Index 

d. 

e. 

1940 thru 1955 

1949 thru 1957 

r;43 thru 1956} Feb., May, Aug., 

Nov. 1957» Jim.-Mar., May, 

Aug. 1950 

1943 thru 1956 

1940 thru 1956 

The. NB3 Rraeurch Paper RP 1931! on Properties of Hydrogen by 

Woolley, Ocf.t und Brickwedde covered an extensive search of 

Engineering Index 

ASME Transactions 
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the liteniture prior to 19^. Aleo KBS Circular 564. edited by 

J. Hlleenrath covers «n oxtenelve eearch of the literature prior 

to 1952 on "Properile« of Oases" including hydrogen. 

Properties of If eon 

a. Chemical Abotractsi Volumes 1 thru 52 (1907 - 1958) 

b. Physics Abstracts: 1092 thru 1912 

o. Engineering Index: 19**5 thm 1957 

Subjects Searched: Rare gases, thermodynamics, density, 

viscosity and low temperature engineering. 

Properties of Kitrogen 

a. Chemical Abstract«: Yolunss 1 thru 53 (1907 - 1959) 

Properties of Owygen 

a. Chemical Abstracts: Volumes thru 50 (1937 - 1956) 

Properties of Air (including mixtures of oxygan and nitrogen) 

a. Chemical Abstracts: Volumes 43 thru 52, No. 9 (1949 - H«Pt. 

25# 1958) 
Jhysios Abotracts: Volumes 46, 52 thru 6l, »0. 3 (1943# 

1949 - August, 1956) 

Industrial Arts Index: 191^ - 1957 «nd May - Jhly, 1950 

Subjects Searched - Air (this sola listing was deemed sufficient) 

Ä# Eogineering Index: 1949 - 1957 

Subjects Searched - Oases, Thermodynamics, and Liquids 

Diassrtation Abatracts 1954 - Aug. 1950 

b. 

d. 

Properties of Ci«rt>on Monoxide 

e. Chemical Abstracts: Volumes 44 thru 50 (1950 - 1956) 

Frop^rtlfa of Fluorine 

a. Chemical Abstxwcts: Volumes 1 thru 50 (1907 - 1956) 

b. Industrial Arts Index: 1945 thru 1955 

Proprrtlen of Argon 

a. Chemical Abstracts: Volumes 42 thru 44 (1948 - 1950) 

Properties of Kethane 

a. Chemiea* Abstracts: Volumes 1 thru 50 (I907 - 1956) 

€ 

i 
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In nddltlon to the »peclflc oenrchea lloUd ebcve, a coanldernble 

nuflJöer of reference» were found from lietln«» on file in the Data Center 

thut had been acoulred aomewhat at random. Alao, Inaomuch aa moat of the 

aearchea were for all propertlea of a particular material* many of the 
article» covered aeveral matwrlala. These additional reference» were added 

to th« blbllographleo of the other rootertala covered and were uaed by task 

author» In their evaluation and selection of data. A third additional 

aource of reference» waa from the documenta themaelve». Selected docu¬ 

ment» frequently Hated reference« of a broader coverage than the material 

presented In It., and thu» provided a more extennlve range of properties. As 

« result, the actual scope of the literature searching w»» much greater 

than indicated by the specific searches as listed. 
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PART I 

1 

pnnp^nn^. OF CRYOGENIC FLUIDO 

!• - 

2. - 

3« ■ 

U. - 

5« “ 

6« • 

T. - 

6* - 

9. * 

10. - 

Property 

Cenalty 

Expansivity 

Die mal Conductivity 

Opacifie heat and Enthalpy 

Tranaitlon Beat* 

Phase Equilibria 

Dielectric Constanta 

Adsorption 

Surface Tension 

Viscosity 

BeliuB ----- .001 

Hydrogen ---- .002 

Neon ------ .003 

Nitrogen ---- .004 

Oxygen ----- .005 

Air.006 

Carton Monoxide - .007 

Fluorine ---- .000 

Argon ------ .009 

Methane ----- ,010 



1.000 

DENSITY of CRYOGENIC FLUIDS 

CONTENTS 

Conversion Factoro for Density.«...f...1.000 

Density of Solid Eellum (at saturation).....-....1.001 

Density of Liquid Helium (at saturation)      ...........1.001 

Density of Helium (3 to 20*K| V to 100 atm.).....1.001 

Density of Caseoue Helium (10 to 300*K) 1 atm. to ¿000 pola).1.001 

Density of Normal Hydrogen (l4 to 76#K) 0 to 200 atm.)............1.002 

Density of Solid Reos.............1.003 

Density of Liquid Neon......1.003 

Density of Liquid Neon (at saturation)............1.003 

Density of Gaseous Heon (at saturation). .  ......1.003 

Density of Caseous N**on (isotherms from 55 to 293^).....  1.003 

Density of Oaneous Neon (at selected points)........••••.1.003 

Atomlo Weight of Nitrogen............1.Ó04 

Density of Nitrogen (in various states).«......1.004 

Density of Liquid Nitrogen (at saturation)......«..........1.004 

Density of Oaneous Nitrogen (at saturation)........... . ..1.004 

Density of Liquid Oxygen (at saturation)........1.005 

Density of Oaneous Oxygen (loO to 3O0*K> 1 to 100 atm.)..1.005 

Density of Liquid Air (at saturation).......1.006 

Denolty of Air (saturated vapor)...•••.1.006 

Density of Air ((V) i/o 300*K) .1 to .100 atm.).....1.006 

Dentilty of Dolld Carton Monox.de............1.007 

Density of Liquid Carton Monoxide (at saturation) .*.1.007 

Density of Gnnrouu Camón Monoxide (at italurntlon)..1.007 

(continued) 



..... ••aiüv.■ üàâitiiïitiSCBm 

1.000 

DENSITY of CRYOGENIC ELUIIfi 

CON^NTS (continued) 

Dcnully of 0*neouo Carbon Monoxide (liothem* fro« -Y0 to 0*C).. ... ."..1.007 

Density of Gaseous Carbon Monoxide (at standard conditions)...1.007 

Density of Solid Fluorine......1.Q0Ô 

Density of Liquid Fluorine (at saturation).....................1.00^ 

I Density of Solid Argon...........1.009 

Density of Liquid Argon (at aaturation).....1.009 

Density cf Guseoue Argon (70 to 300*K; .01 tc 300 atm.)...«.1.009 

Density of Solid Methane..........1.010 
I 

Penalty of Liquid Methane (at saturation)..........1.010 

Density of Onaeous Methane (at saturation).....1.010 

I * *• . ' . ' 

I ; . • ' • . • . . • 

CONVERSION FACTORS for DENSITY CONVERSION FACTORS for DENSITY 

Sr & Sr & lb iü • lb 
KT 

1.000 . 16.3872 3.78543 28.3170 8.34545 62.4203 

»6* 0.0610232 1.000 0.23’ -TO I..72C00 O.509268 3.80959 

tgr* 0.26^171 4.32900 1.000 7.48052 2.20462 16.4917 

ifc- 0.03531>»5 0.578704 0.133681 1.000 O.294715 2.20462 

lb 16«rr- O.II9826 1.96360 0.453592 3.39311 1.000 7.48052 

, lb 
1 m ■ O.OI6016V 0.262^96 O.O606365 0.453592 O.I33681 1.000 

VJJ/JRC Issued: 20-7-50 
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1.001 

ceiem of solid uzuun 
, " • • • ^ ■ 

{At Saturailoo) | 

Souro« of Citât 
.. «■ ■■^^■■«■ii i 

Dodb, C. and Duadala, J. 8.» Profçroa« In Lou Terparaturo Fhyloa» 
Vol. II. North Holland PubllaHIug Co.',' AiarJtcrlia/îta KctKr:rixx3jF 
(1957) WO. 

• Other Raf^rt>M?aa s 

8tavart# J. W.# Dull« Aa. rhy*. Soo. (2) 1/ 218 (1958) 

Swanaon, C. A.# Phya. Rer. ?2> Ko« V, 626-31 (Auf. 1950) 

five tu on, C. k*t W»ya» Rev. §2» Ko. 3, 5J8-M (Peb« 1953) 
Sisa», y. S.# Sv»&«oq, C. A«, Ratura 16^, 829 (May 1950) 

KM»««» V« R., Hellua, KlaarUr, AaaUrdM (19^^) ^pp. 

' . V^T 

TtKwratura Dsnalty at Saturation 

•K «tt/oo lb/ft3 

0 
1.0 
1.2 

l.A 
1.6 
2.0 

2.5 
3-° 
(.0 

6.0 
10.0 
1%.0 

18.0 
22.0 
26.0 

0 
1.8 
2.16 

2.52 
2.83 
3.60 

7.2 

10.8 
18.0 
25.2 

is.k 

39.6 
46.8 

O.I89O 
O.I891 
0.1893 

O.I902 
0.1911 
O.I976 

0.2072 
0.2162 
O.2305 

O.2678 
O.2976 
O.3255 

0.3505 
0.3724 
0.3963 

U.80 
11.81 
11.82 

11.87 - 
11.93 
12.34 

12.94 
13.50 
14.39 

16.72 
18.58 
20.32 

21.88 

2:¾ • 

DHM/CAR/JHC Icnued: 7*15-59 
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1.001 

Df.NGITI of LIQUID HELIUM 

(At Saturation) 

SouiQo of Datat 
Canaan, R* and I%t«, C. F.* Phil. Mng. (0) 1» ^1-^9 (MV 1950) 

Otiv;r Rgfrrono«»« t 

Krn*, E. C., J. Che». Ríj**» 26, Jll-ll (M«r. 1957) 

Ha», H. ?... Roy. Auatmlian Chen. In«t. J. A Proe. YJj 273-Ö3 
(July 1950) 

Kb Har, V. E., Phyn. Rev. 2L# Wo* 1# l-8 (j4n* x955) 

Drjoh, J. 0. and Taylor, R. D., Fhy». Rev. 10£, Ho. 5# 1220-1237 

(Dept. 195V) 

Boraliu», 0., Arkiv. Fyalk, D«nd 13, Ho. 29, 3^-378 (<?•»• 195®) 

Kaettcs, W. H, Hellura, Elsevi»., Arasterdan, (19^2) p. ^ 

Teup. 

•k 

Doiiulty 

5 
Tcrp. 

•k 

Denoity 

Sr 
2.2 

2*3 

2.4 

2.6 

2.8 

3.00 

3.2 

3.4 

3.6 

0.147 

0.1½ 

0.146 

0.l44 

0.143 

0.141 

0.139 

0.137 

0.134 j 

3.0 

4.00 

4.2 

4.4 

4.6 

4.8 

5*0 

5.15 

5.10 

0.132 

0.129 

0.125 

0.122 

0.117 

0.111 

0.101 

O.O07 

0.079 

DHM/üAH/J!« liiourd: 7-1^-59 
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1.001 

PKN3ITY of HEUUM 

(3* - *>K) 

Source of Puta: 

lounanmaft, 0. V.# Theele eubmltted for the Degree of Doctor of IMloeophy, 
University of Oxford (19Í#)» 

Crewnte I 

T)te lines for the sntursted liquid and solid Indicated on the gn #ere 
plotted fron data sheets for density of saturated liquid and solid Helium. 

froö.'-urc 

atm. •K 

Dfiiulty i’rrnr.ure 

ntm. 

Tcnj). 

*K 

Duiicity 

fiin/cm^ 

U 

10 

20 

40 

14.07 
0.5Ö 
7.04 
6.46 
Û.Ul 
5.99 
5.79 
5.^9 
5.00 

•4..70 

13.11 
13.05 
IO. 75 
')M 
а. 53 
7.90 
7.?1 
б. 44 
5.51 
4.11 
3.04 

17.a? 
14.74 
IP. 74 
11..74 
9.97 
9.7o 
7.51 
6.0*, 
5. IP 
3.93 

PO.98 
17.3} 
15. <3 

O.ÜI3 06 
•0;7 72 
.041 50 
.055 W 
.O09 30 
.OOj lo 
.097 02 
.110 aa 
.124 74 
.13a 60 

0.027 7- 
.041 58 
.055 44 
.009 JO 
.0(33 16 
.097 02 
.110 33 
.124 74 
.lj6 oO 
.152 4i> 
.159 39 

O.O55 44 
.0(/3 30 
.O0j 16 
.0-37 OP 
.110 88 
.124 7P 
.1 0 <50 
.152 46 
.159 }9 
.l«x» 32 

0.0.ÍJ 16 
.(r»7 (i.'» 
. 110 03 

40 

OO 

80 

100 

13.30 
11.35 
9.43 
8.4 J 
7.33 
6.09 
4.60 

17.01 
15.17 

12.70 
II. 48 
10.25 
8.96 
7.55 
5.97 
3-99 

18.99 
15 95 
14.52 
IJ. 09 
11.66 
10.18 
a. 59 
6.33 
4.71 

19.20 
17.54 
15.91 
14.26 
12.03 
11.02 
9-7 
7. }0 
4.86 

0.124 74 
.138 60 
.I52 46 
.159 39 
.166 32 
.173 25 
.180 18 

0.124 74 
.138 60 
.152 46 
.159 39 

. .166 3? 
.173 25 
.180 18 
.187 11 
.194 04 

0.13Ö 60 
.152 46 
.159 39 

• .166 32 
.173 25 
.130 13 
.I87 11 
.194 04 
.200 97 

0.152 46 
.159 39 
.1()6 32 
.173 25 
.180 18 
.137 11 
.194 o4 
.¿'OO 97 
..'■O? 90 

Dl-M/GíVK/Wl! V.:.' 
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1.001 

DBHsrrr of gaseous helium 
(io - 300*k) 

Source of Data! 
Akin, V. 8., Trana. A3« ]2, 75X-5T (Aug. 1950) 

Other Heferenceat 
Ke«nom, W. H., fíftliva, Eleevier, Amaterda» (19^2) 

Keller, W. E.f lliys. Rev. 5^, Ho. 1, 1-8 (J*n. 1955) 
MoalAn, F. D. «uvl Llttiean, T. M., Ind. Eng. Cnen. j¡¿, i‘3óó-8 (1953) 

Comento t * 
Dcnalty lo civrn In gin/cm3 In TftUe 01' Selected Vnluea below. 

\. Prese. 
\p»la 
T X 

•k 

14.7 50 ISO uoo 900 2300 6X0 

1 
atm 

3.4 
ata 

10.2 
atm 

27.2 
atm 

61.2 
atm 

I70.I 
atm 

4o8.2 
atm 

10.94 
19.27 
33.15 

61.00 
08.7 

II6.5O 

144.2 
172.0 
199.7 

255.3 
31I.O 

0.004 602 
.002 350 
.001 46? 

.000 798 

.000 549 

.000 4l8 

.000 338 

.000 283 

.000 244 

.000 192 

.000 136 

0.01O 10 
.008 672 
.004 967 

.002 704 

.001 860 

.001 410 

.001 145 

.000 9Ó11 

.000 623 

.000 648 

.000 532 

O.O78 1 
.025 9 
.014 6 

.008 0 

.007 66 

.004 fil 

.003 4l 

.002 91 

.002 47 

.001 94 

.001 39 

O.O626 
.OJü8 

< 
.0213 
.0144 
,0110 

.COQ? 

.0075 

.0065 

.0051 
,oo4:> 

0.110 
.0724 

.0432 

.0307 

.0238 

.0199 

.0165 

.0143 

.0113 
j .0093 

O.I78 
♦1455 

.098 

.0740 

.0591 

.0504 

.0422 

.0369 

.0295 

.0251 

0.267 
.229 

.178 

.141 

.117 

.IX 

.0875 

.0782 

.0637 

.0540 

DHM/ûAH/'/JJ lunucdî 9-24-59 
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1.002 

DfNsrry of normal hyprooen gas 

I. Pre*nur*»-Volum»*-TVmpcrstur« Correlation*. 

Oourr# of Data» Woolley, Scott and Brlckvedde, RF1932 (19½)] 
Jobneton, White, Wlrth, Otfanwon, J.»n*en nnd 
priedmn, Ohio State Unlv. Tech. Report TRP6U-25 
(IO53); Wljlte, me<i»an and Johnaton, J. Aoer. 
Oiem. »>c. 12, 3927-3? (19>0)| Johnaton, Kell*r 
and yrlcdmn, J. Aawr. Chea. Soc. ^6, 1482-6 
(i95l0î *• Bartholome, Z. j>hy*Ut. Chem. B 2^, 
’ßl (1936). 

Other Beferenoc*t Frl'jdman and Hilnenrath, RD3 Report 3^-^3 (l95**)f 
White and Johntton, Ohio State Urily. Tech. Report 
TR26U-23 (I9'j3)i alao TR264-26 (1953); White, 
Prledimn and Joimeton, Ohio Otate Ünlv. Tech. Report 
TR264-12 (1951)* 

Slncuealont A correlation of P-V-T data «Iven in the aborve Hated aouroa* 
van made for the compreoeed liquid and gas ranging fro® the 

triple point to 80*K in tempe»iturc and to 200 atmonpherea in preaaura 
for apecific volume* fro® 26 to 70 cc/aola. Line* of conitant volume 
(ieocaetrlcs) were plotted on a large graph for all the data given in 
the eeleeted range. Thena iaometrlc line«, plotted on PreMure- 
Tewpemture eoonllnatee, vere found to be etralght for all but limit¬ 
ed areas, l.e. at preeourea over I60 to 100 at»epherea and near th# 
critical point. (Dlfferencea in the data in overlapping area* cover- , 
ed by RPI932 and by Johnaton, et al., are all very email with only 
a fov arprcaching 2^ on the preauure scale). B* correlation vaa 
accccpllshed by plotting the •lope* of the atralght i*oa»tric* a* a 
function of the molar volviae. Tie intercept* of these «aa» line* 
vith the 0*K ter perature line vere also plotted as a function of 
molar volume. The aloi »a and the intercepta are the conntanta By 
arai Ay re*pectivaly of the equatipni 

P - Ay ♦ V T, 

that van used to 
represent the leometric line*. Ry emoothlng the curve« repreeentlng 
the nlopee and the intercepto, omoottied values for By and Ay vere 
obtained. Ry replottlng the Uometrlcs, uaing the above equation, 
a nnooth reprenentation of all the dnt* vr»n achieved. These are 
shown In the four platea accompnroring this section. 

Densities enn be obtained by taking the reciprocal of the specific 
volvune indlijated for the desired conditions. A coitversion table to 
inelodcd to facilitate determining density valor» on tU* isfxnetrifl lines. 

At high pn?scureH, in the r»i 1 ghborhood of 200 atmospheres, a definite 
curvature of the icowtrlc lines plotted cn the P-T coordinates van 
indicated. The data ver* not extensive enough, however, to estaollsh 
any definite trend for the curvature. It 1» t|s*re|ore not prudent 
to extmpolate^ the data tojirenaureo above ;*«x» atmonpherea. 

luuued: 
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1.002 

HYPROOKN 

C(WVKHf:ION TAhLk; FOR 

OPRCITTO VOl.IJMr.Q AffD PKNOm 

Opocll ic Volum«’ D**no 1 ty 

cc/mulo cu. It./lb. Ib./cu. ft. 
;>6 

26.5 

27 

27.5 

0.20Y 

0.211 

O.215 

C.219 

4.84 

4.73 

4,66 

4.58 

at 

28.5 

?9 

29.5 

0.222 

0.226 

O.23O 

0.234 

4.49 

4.42 ■ 

4.J4 

4.27 

50 

51 

52 

' :5 

O.238 

0.246 

O.254 

0.262 

4.20 

4.06 

3.93 

3.O1 

J4 

55 

36 

37 

O.27O 

0.278 

0.286 

O.294 

3.70 

3.60 

5.30 

3.40 

38 

59 

40 

42 

0.302 

O.3IO • 

0.518 

0.334 

3.31 

3.23 

3.15 

3.00 

44 

46 

48 

50 

O.35O 

0.365 

O.3OI 

O.397 

2.86 

2.74 

2.62 

2.52 

55 

60 

65 

70 

0.437 

O.477 

0.516 

O.556 

2.29 

2.10 

I.94 

1 .00 
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1.003 — 

nEWaiTY of SOLID KCOB 
•V*’1 

Sourcea of Daty.i 

ClunluA. K.f Z. phy»l)t. Ch«*». Djlj •♦W*?'* (1936). 

do Suftdt, J.v Ksoacn, V. H. and Hooy, H. B.# Proo. Akad. 
Wetenaulioppen ¿¿, ?55 (1930). 

Canaan. Kamrlingb Onxvrs Lab. Univ. Laldenf Cocoun. No. 203a* 

Comnenta > 

Tha Loifiaa tonpurzt-vn aoala (O’C • 273^09¾) !• ua*d. 

Tabla of Salaotad Valuaa 

Tooporatura Dormlty Molal 
Vo Vãs» * 

SpÄClfiO 
Vuluma 

•K *R gn/ca^ lb/ft^ eaVca.aola fttylb 

V.3 

2U.57 

7.7 

W».23 

l.M*3 

1.4U** 

90.04 

90.09 • 

I3.95 

13.98 

0.01m 

0.01110 

• ifclaoular Weight of N«oo la «O.I83 
** Nornal Halting Point Valut 

XX/tTEdT riinufcd: 



1.003 

DKNilITÏ of MQIJTD NEON 

Üouro^r. of Puten 

DenBon, fl. W., J. Fliyn. nr/l Colloid CTicm. JP, luCO-T1» (19^0) 

Cluoluo, K., Z. pliynik. Chom. Hj!, IííO-?1» (191^) 

Onnert^ H» K.» oo«1 Crorwlln^ C. A.» Prpo. AKnd. Mctftrt* 
ncluippen 515‘-^O (1015). 

TShlr of flnlcctrd Vtilucn 

Temperature • Density 
Nb 1*1 

Volume* 
Specific 

Vol\ime 

•k •r pm/ern^ lb/ft3 CPiVßfli-mnle ft3/lb 

?7.2 

27.21 

pl».5fl 

2ÍI.57 

l»9.0 

W.oB 

kl* .?*» 

1*14.33 

, tan-mole 
59.6 Tirer" 

l.POlt* 

1.2l*ß ** 

1.240 

75.11 

75.17 

TT-?! 

77.9I 

16.77 

I6.76 

, 16.17 

16.17^ 

O.OI33I 

O.OI33O 

0.01264 

0.01264 

♦ Nonn/il holllnp; point value * ftoloculnr uelp.bt of Nron 
■H* Nomnl molting pylnt value io PO.IB3. 

Kl/r/IiUT/VJJ luuued: 0-10-59 
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WNüITY of LIQUID WX)N 

(Saturated) 

3aurceu of Datai 

Cromnwlln, C. A., Hen. trav. chi». U2, Bl1»*? (1923) 

Hathlna, F... Croamelln^ C. A. »nd (kvnesf H. K.» Ann. Fhyslk !£* 
231-9 (1923) 

Orme», H. K. and Crotnnolln, C. A., Proc. Akad. Watanwhappcn 10 
515-20 (1915) 
Onnntf H. K., Crcwncllh* C. A. and Cathf P. 0.» Proa. Aood. Sol. 
Ana tordan 1050-62 (1917) 

Cognant a t 

Tha laldan Taæpcratura acala (0*C • 273-09*K) vaa i»«4 ior tha 
data given below. 

Tamp. 

K 

>nalty 

®tt/c»3 • 

24.57^ 
25. ir 
27.17* 
30.13 

* 36.05 
39.03 
43.02 
44.3Ô» . 

• I.23O 24 

1.149 60 

1.017 50 
O.920 03 
0.740 66 
0.403 5 

• Critical Temperatura 
♦ Triple Point Temperatura 
t Normal Bolling Temperature 

Kl/r/PÜT luiiur.l: Ttt7) 
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l.ooj 

DKHSITT of GAGEOUB HEO« 

(Saturated Vapor) 

Pâturer* of Datai 

Crcnwlln, C. A.r Reo. trar. ohlm. U2, ûl^-7 (1923) 

Mithlas, ?... Crouanelln, C. A. and Onneo, H. K., Ann. Rtysla Ig, 
231-9 (1923) 

Onnoa, H. K. and Crorawlln, C. A., Proc. Akad. VoUnaohappon 10, 
515-20 (1915) 

Onne«, H. K., Crcsnolin, C. A. and Cath, P. 0., Proc. Aoad. Sol. 
Aaotordan Jg, 1050-62 (1917) 

Comento t 

Tn* lalden Teaporaturo ooalo (0*C 0 273.09*K) vaa uaod for tha 
data tlvon belov» 

Towp. 

•K 

Donalty 

ga/0*^ 

2^.5^ 
25.17 
zr.n* 
30.13 

36.05 
19.00 
43.02 
44,38* 

O.OO5 3^ 

0.020 13 

O.O67 42 
O.II5 92 
0.239 35 
0.403 5 • 

* Critical Teaporaturo 
* Triplo Point Temperature 
ï Nonaal Dolling Température 

ï.jrJbür/vjj luoued: 7-Ö-59 
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1.005 

in.HfilTY of GAHKOUB l^EON 

(P-V-T Relntlonn) 

r.ourftoo of Data: 

Crontwlln, C. A.» Mnrtlnez, J. P. and Onncs, K. H.# Versing. Aknd. 
Wrtrnnchappcn Amnlcrdom 27# 13l6»26 (1919) 

Onncs, K. H. and Cronrolln, C. A., Proo. Aknd. Wetcnschnppín 18, 515-20 (1915) 

CofTwcntn t 

In lhe tftbJes belcv, V • 1.0000 nt 0'C ond 1 atm. T»>e density, d, ls ex- 
preoned as a rutlo to normal density at 0*C and 1 atm. (0.900<í gramo p<*r 
liter). Tha Lrlícn temjxTaturo acale (0*C • 273*09*10 1® used. Preoeure, 
P, Is given In atmospheres (76 cm Hg). 

For the graph, the density In gra/cm^ ■ d x .9002/1000.020, A tabulation 
of density values lor selected températures and pressures is given on the 
next page. 

.30.00*c 

_r_ rv _!_ 

pp.Bok l.otW n.otk 
P‘,.0] i j.oiv.a pj.o'i? 
».in wx*!» 
n-cto i.vtfp po.vii 
iPAia \.n>*n «.Ü91 
)k.tBT I .«90? \?.V>3 
ï'i.iii'î X.W17 
37.«1? l.e/.’S 3k.«>l 
l'j.lüt l.rrrM 3¾.«*3 
tí. ft» 1.09¾¾ 
•jk. iVí I.JIW3 Vj.mi 
'i<#.717 1.10¾ ■tk.U.I 
6S.0P1 1.10-,9 ’A.Vft 
V.iU) 1.11J1 «>9.33« 
/13.¾¾¾ I.IKO 
¡Vt.?19 1.111½ r«.«*v» 
93.Î9U i.ia.*> 83.1¾¾ 

o.on*C 

f ^ nr__ ’ » 

P?.'** 1.0f»*9 
D.'.*'! I.0103 33.31¾ 
î^.liot 1.0131 3¾. va 
7*1 V33 1.013¾ 3«1.0>t9 
to. WO 1.01 Vf 10.3¾¾ 
3-1.7¾ 3 3.0|(irt ».W 

3.01-((. Mi .0(0 
•-9Tff 1.0.¾¾ VI. 31¾ 
(1(1.10¾ 1.0)1/; (A.l)S 
7¾. 0-.9 1.03-/1 73.¾¾¾ 
W.IU3 1 -.3-(3 70.1.7 
«A.VtP 1 .O'iOO ¡U. )1./ 

-103.01¾ 

r _jy_ a 

IS.'Vl 0.(,)0¾ V..M) 
)(..(/// O.Í.3-V- vi.?) 
M>.0)0 0.(.),1(1 (A. 31 
¾^.1I7 0.(.)39 */>.•,) 
v.i)«, n.i.ti/# 
*.«.'.!) O.'.lA .l./ii 
/»l.tIO 0.(/.111 I;*) •,? 

K'-r/'u/r, vj 1 i. ,-r 1 >• 1 •*. i 

.^1 .33¾ 

_W 4 

3).DM) 0.MA6 (/).03 
37.707 O.MI‘,3 77.71 
)(1.-.111 0. M)‘j ) 79.r>0 
¾J.U^ O.MV>9 (V1.97 
¾9.H'I1 0.((()7¾ 103.33 
VI.916 0 Mt/« 106>2 
66.671 0,6939 1)6.91 
-/0.¾¾)) 0.6970 r,o.o6 

.103.60¾ 

33.067 0.3310 9-).09 
33,')(V3 0.1.KVI 103.06 
3(..6)0 O.)«»*. U).(>9 
)(..(VO 0.)1¾)¾ 11¾.(// 
63.)/1 0.31-½ 139.¾¾ 
63.¾)) 0.1)-(6 11).1¾ 
69.96) 0.)(09 1* 0.6I 
•,0.M6 0.()(W. 1-,0.¾¾ 
6).)30 0.))79 )99.31 

-300.0(1¾ 

r rv 4 

3(..3(6 0,;*6-A 10¾.IÓ 
3().603 0..-'M') ))6.)(1 
)1.617 O.pkl/) )37.36 
)4,.-(/1 0.36-,1 U9.H1 
)6.3(1¾ 0.3H-.I 1)9.(VI 
)-1,(16) 0.363¾ ilM.y) 
VI.It-/) 0,3631 )(,6.(.) 
6(..-,17 0.3V>6 1-(6.)0 
6(,.-.39 0.7 1,3 1-(6.-.1 
6/.9--1 1).31--9 ^/)./9 
61.(/,7 0.'ti-i r«-).r; 
(,7.6-.6 0.3)17 ;*il.jO 
/1..(-,0 0.3,--., )30.)-. 
/-/.93) 0.33)) )6-1.--/ 

.300.10¾ 

36.071 o.mi HI ?0 
3().()66 0.211¾ 136.*^ 
31.9(10 0.30()0 133.00 
J7.0WC 0.ÍO61 103.67 
61.79(1 0.V010 ¢07.9¾ 
30.672 0.1097 *00.)i 
66.6)1 0.11)67 /63.W 
69.fr>9 0,1066 7.00 
76.332 0.1ÍP2 .^9.10 
79.23Ü 0.1006 6)9.1» 

.21),00¾ 

3).0()6 0.1933 119.9» 
34.010 0.1-)11 iW.Gil 
30.67) 0.1091 160.90 
39.163 0.1(-)2 137.70 
J3.661 0.)(139 m.37 
J7.6U) O.ir/6 310,00 
3).0)6 0.1611 )36.59 
39.7(/9 0.1363 302.03 
60.7/1 0.1332 6)3.66 
72.()30 0.1-/)3 6()6.73 
79.090 O.169I 3)6.62 

r IV _4 

21. )69 
2.-.9(/ 
p6.(//, 
A,.««) 
)0.063 

)2.7-)-. 
6-).-))() 
3).-,7-1 
-.-,.(.))1 
,-6.-//¾ 
'.’I.-/,-) 
/-).6)/ 

0.17)0 
O.I/O7 
O.K/H 
0.1.-7,2 
O.),»// 
0.1V-6 
0.1 I'M 
•».H-J 
0,1)01 
0.1.-(// 
0.13-,1 
0.13-(, 

13).60 
1 )6.73 
160.67 
103.31 
100.-)6 
7(/1.,/1 
)-0.31 
3»3.62 
6-,)).6(( 
Ml .03 
Ml.'/) 
617.21 
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1.003 

DENCITY of GASEOUfl NEON (Cont.) 

Tnbulfttlr.n of Dr no It y for Solee ted Temperatures and Pressures 

+20.00*0 (293.09 10 

Preosure 

utm. 

Denolty 

gm/em^ 

22.8 
25.O 
26.6 
29.1 
32.6 
3M 
35.4 
37.8 

S:i 
54.15 
59.7 
65.0 
77.4 
82.5 
83.2 
93.3 

.0190 

.0207 

.0220 

.0241 

.0209 

.0288 

.0292 

.0311 

.0322 

.0368 

.0442 

.0438 

.0529 

.0624 

.0666 

.ono 

.or48 

0.00*0 (373.0910 
Pressure 

atm. 

Density 

etn/cni3 

22.1 
£¿•55 
25.9 
28,5 
30.8 

Hi 
59.8 
66.1 
74.1 
79.1 
04.7 

.0197 

.0210 

.0230 

.025,3 

.0273 

.0352 

.0396 • 

.0524 

.0576 

.0644 

.0685 

.0731 

-103.01*0 (170.OH*k) 

Prconure 

atm. 

Density 

Wn/om^ 

35.6 
36.7 
40.6 
42.1 
55.1 
*,3.6 
78.1 

.05,08 

.0524 
•0577 
.0' 99 
.0730 
.0826 
.1085, 

.. - ■ » . — 

-lUl.22*C (131.07*K) -208.10*0 ( 64.99lc) 

Preonurc 

atm. 

Density 

fTo/cm^ 

33.8 
37.1 
38.6 
43.3 
49.9 
51.9 
66.5 
78.6 

.0623 

.0700 

.cra5 

.0»)1 

.0920 

.0957 

.1213 
• .1425 

-182.60*0 (90.49K) 

Pressure 

atm. 

Density 

32.I 
33.0 
36.4 

fd 

42.5 
49.9 
50.5 
63.3 

.0900 

.0925 

.1022 

.1038 

.1165 

.1200 

.1410 

.1428 

.1795 

-200.08*0 (73.01*K) 
r— — 
i Ifcenure 

atm. 

D»ïp.olty 

pjn/cm^ 

26.2 
20.4 
31.4 
l4. J 
34.3 
39.8 
39.9 
46.5 
46.5 
48.0 
61.7 
67.5 
73.85 

r\ 
i ? 

.0945 

.IO3O 

.1146 

.1259 

.1260 

.14(30 

. 1482 
»1750 
.1751 
.1008 
.2373 
.2620 
.^910 
. 3i4o 

. j 

PresMire 

ata. 

Density 

gra/cm^ 

24.1 
23.9 
31.95 
37.9 
41.8 
58.5 
64.45 
69.7 
74.5 
79.2 

.1008 

.12¾ 

.1378 

.1670 

.1872 

.2778 

.3106 

.3400 
‘ .3688 

»3960 

-213.06*0 (60.01*K) 

Iressure 

at«. 

Density 

gm/o7»3 

23.I 
24.8 
26.7 
29.4 
32.4 
37.4 

* 53-9 
59.8 
60.3 
7?.9 
79-7 

.1080 

.II69 

.1269 

.1420 
.1598 
.1099 
.3012 
.3440 
.3920 
.4360 
.4810 

-217.‘2*0 (5^.571() 

j Pressure 

A vS&e 

Deneity 

fWcfflS 

21.35 
23.O 
24.7 
20.95 
30.0 
3?.8 
45.9 
53.5 
69-6 
65.O 
71.Ó5 
70> 

.1111 

.1212 

.1320 

.1463 

.1682 

.1808 

.3230 

.3240 

.4i30 

.4610 

.5150 
.5685 

» 
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1.003 

DTOSIT" of 0A3*X)»»3 H20W 

(At 8** ectcà Mnts) 

■ t»r ? 0. mil r.tn'*1rri*nt,lvf, IVnc. I.'nt., Acivl. r.cl. l|»_ 
fô-7 (]n?fl); y., nni 'Jroiwlln, C. A., Pr.ic. Fourth Intern. 
Conr.rccn of R"fri ^ration 1, 0o-10Ga (30Ni); Onrer, !!. K. and 
Cror-^Hn, C. A., TYoc. Akríd. ‘ícttrnnchnprcn Ifi, (iplî'Jj 
Fo.m.äv, -.-/. nni 'Yavo’o, ;♦. Trono. Roy. r.or. (london) Uj 
(l'jOl)j V/ntnon, J. Che-.. îîoe. 2¿.> (1910), 

Co;ry'rt:'.: Other values of oBturated density avr,lloblo are 0.0016 r^rasio per 
liter [Anton, Proc. Hoy. r.oc. (Tendon) A''o# /»30 (101^); Phil. Mn;;. • 
31» 503 (1919)], O.0999O ¿.-am por liter [Taxttïr, <J. and Otarle-YPtlier, 
Iron. liât. Acad. 3cl. 1><, ‘jO.? (lysO)l, O.O-^. -nun» per llt^r [loduc, 
A.. Atm. ’* y:.:¿ o, pJ, (T91O)¡ Conpt. r-nJ. isO, 06»<-6 (I9HO] , and 
O.O91 -ramr. per Titer íá.j.a;«y, ’/. and Traver:;, M. 1/., Trano. Roy. Soc. 
(london) 197, '»7 (1901)]. Other valúen of tlie dcnnlty of r< on at th# 
critical temp, available oro r’3.9 ,'ix*ftffl-r»lcn per liter [Pcnoon, 0. 1/., 
J. Phyo • and Colloid Clxen'.. hP, 1060-7¾ (19^^)), O.Wj ¿¡rAnin lier cubic 
centimeter Cro^celin, C. A., Onnon-Fertschrlft, 197 (193P); Phyn. D»?r. 
1, 709 (1973)], O.ltjö ^rc.r, per cubic ccrtlnrter [Van I-aar, J, j.# Chen, 
schblnd. 1997-6¾ (I919)], and 0.9.9^ train, per cubic cent.lnutcr 

fMfitblau, fT7, f unca-rret: chrlft, 169-06 ( 19.9^)} Phyr.. Per, 1*, 701.-2 
(1973)]. üolborr., T.. and Otto, J., Z. fhy* IS r¡¿, 77-9¾ 09^)/ ?.. Hxyolk 
H, I-.IP (199-.) also ’.Ivo PP.1'30 11 tor a per eriui-nule a» the value of 
the nnlr.2.,,v»ú«ne under ctnndard conditions. 

"^he leiden Tcnpcrature Scale (0*C • P73,09*K) In uted. 

Ihble of Selected Values 

3Ute 
Prea sure Trraperuturo Benolty 

atm pala •K j *R Km/cm3 lb/ft3 

Standard 

Homal B.P. 

Critical 

1 

1 

26.86 

1 

1 

O.6667 

0.3333 

14.696 

14.696 

394.7 

14.696 

14.696 

9.797 

4.899 

2/73.09 

27.17 

44.38 

289.09 

2 1.09 

273.09 

273.O9 

491.^6 

40.91 

79.68 

520.36 

523.96 

491.56 

491.56 

0.900? X 10-3 

9.46 

483.5 

0.9004 " 

0.9004 " 

0.60004 " 

0.3rxx>) " 

O.O56 20 

0.591 

30.18 

O.O56 21 

O.O56 21 

O.G37 H59 

0.018 734 

MjI.rI Volume 1 14.(/)9 P73.09 491.5* 22.430 
1 Itera/nole 

I.7.802 
ft 3/lb 

Mrr/mxr i:;..u«-d; 9-30-99 

•> 
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1.004 

ATOMIC VEIOHT of ÎÎITRCKÆH 

Sows« of D*t*> 

Molec, R.| Oftzt. chim. itall. ¿6, 915-47 (3?26). 

Moles, E. and Sancho, J., Anales soc. eüpnn. fis. y quia. 
2Î, 931-53 (1934). 

Other Réferences» 

BatueCM, T. and Casado, F. L., Anales real soo. «span. fia. y 
quia. (Madrid) UOd, 295-304 (1952). 

Bixt^r, 0. P. and Starkweather, H. W., Prcc. Nat. Acad. Sei. Ü.8. 
12, m-7 (1926) 

Moles, E. and Salazar, M. T., Anales soo. aspan, fia, y qulœ, 
¿2, 95^-70 (1934). 

gcraraints» 

Scbcs values given for tha atoado vel^ht of Nitrogen are» 

14.0095 1 O.OOI9 (Batuecas, T. and Casado, F. L.) 

14.007 and 14,005 (Baxter, 0. P. and Starkweather, H. W.) 
14,0083 (Moles, E, and Salazar, M. T.) 

Most probable valus la 14.008 

JJDT/RJTiTVjJ ïiicued: 6-10-59 

N‘. 
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DENSITY of NITROS in VARIOUS STATES 

Sourceb of Datai 

Baxter. 0. P. and Starkweather, H. W., Proo. Nat* Acad. Sel. 1£^ 
703-7 (I926). 

Dewar, .1., Proe. Roy. Soe, (líondon) A73» N»* 492, 251-61 (1901*)« 

Cray, J. Chera. Soc. (London) 37, I6OI (I905). 

Internatioiml Critical Tablea 

Koeaoia, W. H., Onnea-Peotechrift 1922* 69-I63 (1922). 

Keeton, W. H., Fhyoik ter. 4, 613 (1923). 

Mathlm, E. and Crorr.s-lin, C. A., Proo. Fourth Intern. Congreoa of 
He frig. 1, 89-106» (1924). 
Kiolea, El, J. chin. phya. 12# *^3 (1932). 

Moloc, E. and Clavara, J. M., Analer aoc. espana, fit. y quin. 20, 
550 (1922). 

Moles, E. and Clavera, J. M., J. Ohio. phja. 21, 10-14 (1924). 

Other Referenced 
3ntcr:rttlon.nl Critical Tables 

Paya and Molea, E., Aivalea soc. eapçSn. fia. y quin. 20, 247 (1922). 

Moles, E., Gnat. chin, itali, ¿6, 935-47 (1926). 

Pickering, a. F., Hat. Bur. Standards Soi. Paper No. 5^1» 597-629 (1926). 

CoTimentsi . 

The Inte mat ion/vl Critical Tables and Faja and Moles give a value of 
O.OOI2568 gm/cra3 for tie denoity of nitrogen at standard conditions 
(0*C, 1 atn./, honmver, the nitrogen unrtd in their determinations was 
Impure and this value chould not be used. International Critical Tables, 
Moles, and IMckcrlng all give a value of O.3II gm/em3 for the critical 
danaity of nitrogen. The tenperature scale uned is one which acts 0*C 
equal to 273.30*K* 

Table of Selected Values 

State 
Temperature Preñoare Density 

•K *R atm. pnin gm/cm3 Ib/ft-l 

Standard 

Critical 

Bolling 
Liquid 

Solid 

.rn.io 
126.26 

77.32 

2O.7 

1*01.58 

139.18 

37.3 

1 

03.54 

1 

14.606 

492.9 

14.696 

0.001 25057 

.310 96 

.8004 

1.026^ 

0.0^8 073 

19.413 

50.4 

64.08 

Krrr/lUR/VJJ Ir.r.uod: 6-11-59 
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DENSITY of LIQUID NITHOGEN 

(Saturated) 

Sourcffo of Datai 

Gerold, E., Ann. Thycik 6¿, 02-96 (1921) 

International Critical Tnbles 

htothla«, E. and Crormclln, C. A., Proc. Fourth Intern. Congrcoe 

of Refrl«. 1, 09-106a (192^) 

Conacnta t 

The Leiden Temperature eeale (0*C ■ 273.09*K) wm uaed for the 
data given below. 

Temp. 

•k 

Density 

gpi/ca? 

63.14+ 

64.73 
77.31 
77.32Í 

77.5 
78.00 

. 90.58 
99*36 

111.89 
119.44. 
125.OI 
125.96* 

0.8622 
.8004 

.8043 

.7433 

.0)22 

.6071 

.5332 

.4314 

.31096 

* Critical Temperature 
+ Triple Point Temperature 
♦ Normal Bolling Tsoperature 

KLt/kJH/vJJ Í'-O-'/í 
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1.004 

DENSITY of GASEOUS NITROGEN 

(SituratM Vapor) 

Source» of Data» 

Gerold, E., Ann. Hiynlk 6¿, 82-96 (1921) 

InternntlorAl Crltlciivl Table» 

Mathiaa, E. and Cronmelln, C. A., Proc. Fourth Intern. Contrée» 
of Refrig. 1, 09-106a (19?4) 

Coaiwnt»! 

The leiden Temperatur» »cale (0#C ■ 273.09*K) va» used for th» 
data given below. 

Temp. Density 

gn/em3 

63,14$ 
64.73 
77.31 
77.32* 

0.000 8684, 

90.58 
99.36 

.004 4973 

.004 98 

.015 76 

.029 62 

111.09 
119.44 
125.01 
125.96** 

.069 87 

.117 7 

.200 0 

.310 96 

* Calculated from Equation of State 
* It 1pie Point Temperature 
* Normal Bolling Teuperatur» 

** Critical Triopcratur» 

KDÍThJR/VJJ liinued: 7-9-59 
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l.ooU 

Ot^uilTY or CAJ'.KOUÎÎ HITHUGKH 

(Sato'T.tod Vn|)or Mrlow 1 AtHK-rjihirre) 

Hourgc of Unta: 
Ammtronc» 0. T.» J. Ktr,cni*c»i Hall. Hur. Gtrmrtanlo 2<>3-6 (19>*0 

Ct?wB«‘ntn: 
'liiere «rc two valuru of dcnrlty for each ttmi>c-r«tur<* duo to duplicated 
determinutiono. An equation which rito thto cxi«rlBcntal data lat 

1/HÍ pT • 3.39Ü5Ü - jf rffiij 

where p « dcnnlty In pn/om3 
and T • temperature In *K 

The Absolute te«pcrature ucale (0*C ■ 273*^*^) uoe^ *n th® 
table of ueloeted /aluea below. 

Temp. 

•k 

Dennity, ©n/cm^ 

Determ. 1 Determ. 2 

Ok.ßO 

67.71 

63.00 

73.10 

73.13 

77.36¾ 

73.00 

73.07 

O.B33 X 10“3 

I.376 

1.43¾ 

2.013 H 

2.026 ^ 

4.593 ." 

4.915 

4.952 

O.O9 X 10'3 

I.36 - 

I.434 M 

2.O1O H 

2.7O 

4.593 " 

4.916 " 

4.9Ö " 

ïïUijMÜ IGGUED: 't/ii/w 
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1.005 

DÍN31TY of LIQUID OXÏŒN 

(Saturated) 

Source* of Dwtat 
Van ItterbeeH, A., Propre** In Temperature fhyn,!^ Vol. I. North 
Holland Publishing Co&pnny, Amutenian, Hie Kctlierlamfl, (l9i>t>) 3oo 

KhthlaJ, F. and Onno*, H. K., Comnun. Phy». Ub. Unir, leiden, No. 

117 (1911) 

Other Rfifrrdnceat 
Chelton, D. B. and Mann, C. B.. Univ. of Calif. Rad. lab. Crjrogenio 
Data Book, UCRL-3|*21, 37 (195Ó) refer* to Handbook of Cheml*try and 
Physic* (Cterdceiifiufcber Publ. Co.) which give* the following! 

Tesç. 

•c 
Density 

K»/cts3 Reference 

-123 

-IO2.7* 

-205 

.&) 

1.14 

1*25 

Cailletet k Hautefeuille, lüöl 

Kasierllngh Onne* !• Perrier, 1910 

Baby end Dorman 

-1 2.9ï*cj 

TuMe oí* Cclectei Valúen 

A. Van Itterbeck Kathlaa k Onne* 

Temp. 

•k 

Denuity 

yn/cm^ 

Temp. 

•K 

Denuity 

Rja/cm^ 

61 
65 
70 
75 

GO 
Ô5 
90 

L 

1.Î162 
1.2Ó3 
1.P39 
1.215 

I.19I 
I.I67 
1.1«*2 

62.7 
91.1 

no.6 
132.9 

l’‘3.2 
1^9.6 
152.7 
154.3» 

1.2746 
1.1415 

.97 5Ô 

.(fr42 

.7701 

.6779 

.6032 

.4299 

Cr;il-!il . ( •ufr**!.*. '1 |i'i-J /nine 1 •• 
• *i i • ■ nr pi-- «.-ni. In emu'.lona I of 
u"f; . . >. }. In. iini . ih<- Ulii».n T«i:i|“Ti»iuiv 

•Ml* « • o C 
rrr 

k . 

i 

I 

r 

V. * .V V V a- •- •- 
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1.005 

OKNSITY of GASEOUS OXYGEN 

Sonron of On tar 
Hl)»enrath# J.# et al., Nat. Bur. Standard« Clr. 2ÍÜ»» 3^6-8 (1955) 

Cc>mrr»te : 
Tne data were Riven In the form of p/po ih* ratio of actual density 
to dentilty at standard conditions (1 atm, 0*C) which is 1.^2900 x 
J.0"3 gui/cm3. 

The absolute temperature scale (0*C • 2T3.Mî*K) was used in the tabla 
of selected values below. 

%mp. 

•X 

Density, Rm/cm3 ^ 

1 atm 10 atm ICO .itm 

100 
no 
iso 

r>o 
1>i0 
150 

160 
170 
1¾ 

190 
POO 
SiO 

O?0 
'■‘jO 
PnO 

poo 
p fr> 

■'■'O 
)(1 

V>i) 

3.0900 x 10'3 
3.607Î» ' M 
3.P9*tP •' 

2.03?<* 
P.8100 " 
?.cm M 

P.'OIO 
p. 30511 
P.1756 

P.0597 
1 .•)•. vr 
1>.618 " 

l.7765 
1.6987 
1.0775' 

1. :¿po 
1 / 017 
1.1.14',8 

1, 4-»1*0 " 
l.Vi',7 ” 
1.1007 

7.8137 x 10" 

P.',fi9o " 
P.Î1I80 " 
7.P635 

i.\?0P " 
p.ono "• 
1.9061 

1.8l.pl) " 
1.7778 " 
1.6: ip 

1.'815 
1.5176 
l.l*M37 

1.J40I46 
l.j'iti " 
1.3077 . " 

7.831¾ x lO"1 
P. 1)707 

ppf.7 1 
P.033'., 
1.881.9 

1.76353 ” 
1.66036 
1.571 >*7 " 

l.t‘1330 " 
).1.:1.^0 " 
1.(Opt 1 

JKy'RJH i... -i -.; , 
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1.006 

DENSITY of LIQUID AIR 

(Sûturtated) 

Four ce of Data: Din, F., Thcmodyn/unlc Function» of 
--- n*nfui, Vol • ?, Buttervorth'n Scientific 

Publloationc7 London (iy06). 

Density of Saturated Liquid 

PreoBure 

atm. 

Temp. 

•k 

— 
Volume 

cm Vmole 

Denoity 

f^n/cm^ lb/ft3 

1 
2 
3 

5 
7 

10 

15 
20 
25 

30 
35 
37.17 

1 37M 

7Ö.H 
85.55 
9O.94 

96.39 
101.04 
IO6.47 

113.35 
119.77 
123.30 

127.26 
130.91 
132.52 

132.42 

33.14 
34.39 
35.40 

36.94 
39.21 
40.00 

43.21 
46.63 
50.37 

55.69 
• 64.90 

90.52 

99.28 

O.8739 
.0421 
.O18I 

.7840 

.7579 

.72^0 

.6702 

.6211 

.5749 

.5200 • 

.4462 

.3199 

.32OO 

54.56 
52.57 
5I.07 

48.94 
47.31 
45.20 

41.84 
38.77 
35.O9 

32.46 
27.06 
19.97 

20.48 

WJV/DAV/jAif I'^nued: ! •')•'/) 
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íáiUuktÀ¿ ■ > »¿amuM^iM 

1.006 

Œî.cm of AIR 

(at Saturation) 

■ 

! 

r, 
t' 

L 
L 

ß 

Source of Data: 
Din, T., ThrrCTodynaalc Functions of Janea, Vol. 2, Butterworth’a 
Scientific Pub il cat 1 uño, London ( 19‘>W* 

CoBWwntji; 

In the table of »elected value» below, the denaity of air at 
saturation 1» given over a narrow range of temperature and 
pressure where, 

T * "K (0°C « 273.15*K) 
P ■ atmosphere 

Prensure 

ato. 

Temp. 

•k 

Volume 

cmVmole 

Density 

gjn/cm^ lb/ft* 

1 
2 
3 

5 
7 

10 

15 
30 
25 

30 
35 
37.17 

37-25 

fll.8 
68.31 
92 63 

98.71 
103.16 
108.35 

114.91 
120.07 
124.41 

128.12 
131.42 
132.52 

132.42 

0*56.7 
33^.1 
2319.O 

1427.6 
1029.1 
716.4 

464.0 
330.4 
246.6 

186.6 
134.? 
90.52 

08.28 

0.004 405 
.008 545 
.012 49 

.020 29 

.020 14 

.040 31 

.062 31 

.00? 65 

.117 4 

.155 2 

.215 0 

.319 9 

.320 0 

0.2000 
.5334 

■ .7797 

I.266 
1.757 
2.516 

3.890 
5.472 
7.329 

9.689 ' 
13.47 

• 19.97 

20.40 

VJV/DAV/JAIl lutiuoi: 
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1.006 

DF3J3ITY of AIR (Cueeuu» SUî^) 

Source of Dal»: MBS Circular (W>); Dln, T., Thpnwxlypainic 
I'\inctlono oT Gtoco, 2, Butterworths Scientific 
PiïblltTatlc.io, London (19‘>6). 

Otner References : 

Temp. 

•K 

GO 
90 

100 

110 
120 
130 

ito 
VjO 
1Õ0 

210 
?uo 
270 
300 

90 
ICO 
110 

120 
130 
1U0 

190 
ino 
210 

2l«0 
270 
300 

lohkln, I. P., and Ka^aner» M. 0.» 5ov. Phvs. 
Tech. Phys., i. 2299-2202, 2263-2271 (1996); 
Michels, A., Waasenaar, T.» and Welker, 0., 
Appl. Sel. Res. Sect. A, £ (1993)» 

Density of Air, 

Data from NBS Circular 964 

.1 ATM 1 ATM 10 ATM 100 ATM 

4.4274 * IO*1* 
3.9317 " 
3.9369 M H 

3.2139 “ 
2.941*0 " 
2.7176 " 

2.923O M 
2.3946 •• 
I.9616 " " 

1.6812 H " 
I.4709 " 
I.3074 M • " 
1.1766 “ 

3.9984 X 10*3 

3.2563 *• " 
2.9793 " 
2.7400 " M 

2.9397 “ 
2.3672 ^ 
I.9672 - M 

1.6641 - 
I.4727 " 
l.joQl H 
1.177 - 

3.097O X 10*2 
3.3796 “ 
3.OI36 - 

2.7342- - 
2.9O92 * - 
2.0299 - " 

1.7141 * " 
1.4873 " 
i.3152 * 
I.160 - 

# 

2.0230 X 10*1. 

I.979O - 
1.59C> “ 
1.3514 H - 
1.1050 - - 

Data from F. Din 

1 ATM 9 ATM 15 ATM 25 ATM 

4.030 X 10’3 
3.6OÓ '' 
3.260 M *• 

2.97Ö ” “ 
2.7**1 " 
2.940 " 

2.367 " 
I.967 '• 
1.684 " 

1.472 " 
I.308 M 
1.177 " 

1.909 X 10“2 
I.79O " 

I.57O " 
1.428 M 

1.214 H 
O.9972 M 
0.8485 " 

Ö.7393 " 
0.6559 " 
0.‘^9l M 

5.666 X 10*2 
4.8<S0 M 
4.310 - 

3.912 " " 
3.IO2 " 
2.5966 " 

2.2429 M 
1.9705 " 
I.7719 " 

9.037 X 10*2 
0.114 - H 

7.089 - 
5.37O - 
4.413 " 

3.778 - - 
3-315 H 
2.91,9 " " 

C. 

WJv/DÂT/JÂÏÏ ' lüuued: 9-9-99 



1.007 

IW.'CITY of ÜCLID CM<m MOHOXIDE 

Govirc«* of D»it«r V»r^rd( 1,., Z. Hiyrtk t<8, 235- 
M U931*). 

Conyntr: Solid carbon monoxide cxlnts In two 
forms, « r.nd ß. The triMinltton temp 
eraturc from a to ß irt 6l.5*K« 

7VA1« of Vnlueo 

KOT/nbr ÏZvjT/) 
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DK.\\;irj o. ijo'iin cviHí«».« whkixidk 

{nt Sutui'iiUun) 

noarcftn of Dcv*.a: 

Fale», H. A. and Shapiro, C. S., J. Am. Chem. Soc, 
62, 393-1^ (i?*4®) 

Hithlas, E. and Crommelln, C. A., Ann. phy». JJ, 137“ 
66 (1936) 

Contient 0 : 

Other valueo of the critical denoity uvftllablc are 
O.3IIO (ît./oc ÎCarUoco, K., J. chim. jihyn. 1¿, 312 (1915)? 
and nc!.eriri-, 3. F., M.B.3. Sei. Pupcr IJo. rM, (1926)) 
and O.3OI .on/cc fGu,';».rni«*ia, E. A., J. Chem. jRTya. 1¿, 
253“6l ( 1?**5); and Itathian, E., Crcomslin, C. A., Bljleveld, 
V. J. and Orlgg, P. P., Caesun. Kamerllnfih Onne» Lab. Unlv. 
Leiden, Ccroam. No» 221b. 

T-ble of Selected Valuer 

Temp. 

•K 

Der.uity 

Cn/cn^ 

10-9.05 
IÍO.90 
125.60 

127.0? 
I29.8I 
130.56 

130.86 
i:i.39* 
IJ2.914 

O.65262 
.56582 
.52083 

.liOloO 

.1» 56^*0 

.M026 

.»‘3365 

.It 220 

.305 

Temp. 

•#* I« 

Dcn-ity 

rp/cu? 

68.13 
73.56 
79.^3* 

82.25 
87.15 
90.29 

^.16 
100.->3 
10J.50 

107.Cl 

0.8Ji71»‘ 
.0255*1 
.806»>0 

.79086 

.7600- 

.75*»**6 

.73!*08 

.60953 

.60560 

.60168 

4 Cri Uca] ioirt 
41 Aul. orr believe to b»' Inaccurate 

urr/liirr FT-’-J: <-ly-'»9 
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1.007 

OKNSITY of GAÎÎE<«5 CARBON MONOXIDE 

(Saturated) 

Source» of Data: 

Fulee. K. A. bih! Shaptrs» C. 3., J. Aa. Ches. .Soc. 6?, 393-^06 
(19^0) 
Mathias, E. ai«i Crossrlln, C. A., Ann. phys. 137-66 (1936) 

Commenta : 

Other values of the critical density available are: 

0.3110 gm/cc (Cardoso, E., J. chlm. phyo. 1¿, 312 (I91í»)í and 
Pickering, S. F., Nall. Dur. CUndarda 3ci. l*nper No. ^4l (1926)] 

O. 3OI fpn/cc [Gugaenîvlm, E. A., J. Chem. Phy§. 1¿, 253-61 (l^j); 
and Mathias, E., Crccsnelln, C. A., Bijleveld, V. J. ard Orlgg, P. 
P. , Ctnnnuno. Komcrlingh Onnea lab. Unlv. Leiden, Commun. No. 221b. 1 

The Leiden temperature ccale (0*C « 273»09*X) wan used in the table 
of finlnctea values below. 

♦ Critical loir.t 
* Authors br-liewc t> l.c Intccurate 

** Calculât'*'! fr r luatlor. of r.tute 

1. .¿«'d: ,-■ 

* 'v i 
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1.007 

nOÎSITY of GASEOUS CAKÖL'N tíCHOXlEK 

Sourc*^ of Ür.t«! 

Tynlnr,, Ví. F.. and Shupe, L. E., Iliya. Rev. (ü1 
J3, 221*5-64 (1931)- 

I'reoüure 

aim. 

25 
50 
75 

100 
150 
200 

IOC 
4oo 
500 

600 
300 

1000 

1100 
1200 

Table of Selectrd Values 

Density, 

-70 *0 

0.04453 
.09395 
.1475 

-50*C 

O.OJ930 
.03239 
.1269 

.2025 

.3031 

.3707 

.4721 

.5307 
-5726 

.605O 

.6561 

.6941 

.7103 

.1719 

.2561 

.3256 

.4.131 

.-4076 
• 5325 

.5674 

.6224 

.661*3 

1 ¿52 
.6319 
•6979 

-25 *C 

0.03524 
.07IÔÓ 
.10-92 

.1464 

.2173 

.2791 

.3747 

.4403 

.4003 

.5250 

.5052 

.63OI 

.61*94 

.6606 

0*C 

0.03160 
.06400 
.09649 

.1266 

.1900 

.2453 

• 3346 
.4003 
.1*504 

.4902 

.5521 

.5995 

.6199 

.6330 

.... ,vr- 

- 
Í - 

•w _* 

KüiTKIñ 1 :3U(.i); • —19-5‘> 



1.007 

DEIÍ3ITY of GASKCUS CAPDON f^ONOXIDB 

(nt Standard Condition«) 

Sourceo of Data: 
Mclïsan, H.# Cor.<pt* rend. 10?, (1886); 

£., ur*i Sala/.er, Y. H. T., Anoint ttoc. 
er.jxin. fî». y ^ulm. j}0, 102 (1932); 
rire, L. R. and Moles') E., Anales doc. espan. 
fis• y -tuim. 27, 267-72 (1929); 
Raylelsh, 1.., ¡roe. Roy. Soc. (London) a62, QO1»-©? 
(1097); 
Salazar, M. T. ard Molen, E., Rev. acad. clenc. 
Ma<lrld 28, 53^-72 (1932); 
V/oodhead, M. and Whytluv-Gray, R., J. Chen. 8oc. 
1933» 6i«6-5»* (1933). 

Comente ; 
Standard Conditions (üTP) are 1 Atoonphere and 
0*C 

Selectod Values 

Rcfereice Dcnrity, gm/ntor 

Moicsan 1.250 

1.25010 Mo let 

Pire 1.25011*0.0005 

1.250 

1.2500110.00007 

1.25024 

Rayleigh 

Salazar 

Moodheitd 

KWTrTr latueu: o-2¿-59 
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DKNSITY of SCIJO FUIOKINE 

Source of VriHhbum, E. V. (Editor), Critical 
T'iblcr. ci r.’g'iprlea] D.tt.a, ]1iy;'lc^, 

‘try, r.ri-r^iy-eTrnolo^y, Vq).^ f 
McGrav-Híll ütjok Co. Inc. N. Y. To*» 
(19LXj). 

Comenta : Washburn (jr/co n value of I.3 ¡ijn/crn^ for 
tlie denoity of toi id Fluorine at Cd.p'K. 

^ Tîîîiuril 7-1Ö-59 





1.00 

DKtíf'.ITY oj* r.TfiUTD FLUORKE 

(ni Gnturntíon) 

Sourcy of Dfttat 

jArry, h. L. and Miller, H. C., J. An. Chen. Soc. ¡3# 1552-3 (1956) 

Other Reforenorat 

Dunn, L. C. and Millikan, C. B., Combined Blxvmthly Summary, No. 29, 
Calif. Inot. Tech., Jet lYopuloion lAb., Ii (toy 20, 1952) (Confidential 
L. P. H. «*12) 

Rlverum, 0. W. and Doeocher, R. N., J. Chen. Phys. 20, 103**-6 (1952) 

Kilner. S. B., Randolph, C. L. and Cilletple, R. W., J. An. Chem. Soc* 
2<*, 10ÔÓ.7 (1952) 

White, D., Hu, J.-H. and Johnston, H. L., J. Ar«. Chem. Soc. Jó, 2584-6 
(1954) 

Comrrr.-ntn : 

The data from all the referen^ís are ln «ood agreement. The Jarry and 
Miller data covered a wider temperature ran^e and, ti.erefore, are 
presented in the tabulation bn low and in the graph. Their data say by 
represented by ths c-vuutiont 

I* « 1.9C7 - 2.201 X 10-3 T - 2.94O X 10"5 T2 Ljii/cm'i 

Table of Selected Valuta . 

'•np. 

•k 

Ó5.73 

71/(ó 

74.93 

73.59 

7‘.Cj 

3i .7? 

31.73 

8i*. y* 

Ü5.05 

8-..07 

¿/ex) 

! .0 ;C 

I .' 94 

1 .'.78 

i*y/> 

1.553 

1 .:..3-1 

1 • ' 'I 

-.-1»* 

1 .’.r/. 

i « 

Devint Ion 

fro:.i équation 

hi.ivM-r/ilc'rl 

0.004 

.003 

.002 

.OJ7 

.091 

.oj:> 

.002 

.003 

.( fJ'’ 

y * • i 

Terp# 

•K 

83.91 

83.20 

88.50 

90.08 

91.55 

r-l .7r. 

A .73 

100.21 

i i. .r 

P D»:vlatlon 

fro’.i V pint lor 

obov'd-oalcM 

1.496 

l .401 

1.404 

I.472 

1.4-,0 

1.4.,0 

i .4 j4 

1.412 

1.391 

! . 370 

0.003 

.002 

.002 

.002 

.001 

.00 j 

•00C 

.000 

.000 

.000 
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1.009 

DFNniTY of SOLID APGON 

Source# of Dfito: Dobb^E. R. hoA Jone» C. 0.r 
Reporin oh ivoire#« in Hiynlcs 
?0 M6 (19'.;7)» Dobbc, E. R., 
FTe/iin«, 11. ¥., Jones, 0. 0, 
riercey, D. C., wul Riley, D. P. 
Nnture, (London) I7Q« (19^)» 

CoarrntBj T^»e density of rolld urfion h/u> been 
manured by two independent nethodo. A 
low temperr’ure x-r»iy owner ft was adapted 
In one method (FißKlna), and the bulk 
density w«o used In the other meth'jd 
(Dobbn). The two methods fierce with!» 
experimental error. 

Table of Selected Value# 

Temperature 

•K 

Density 

10 

20 

30 

40 

jO 

60 

70 

00 

04 

1.709* 

1.764 

1.753 

1.736 

1.714 

1.609 

1.664 

1.636 

1.6;>3* 

* extrapolated 
value# 
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1.009 

DENSITY of SATURATED LIQUID ARGON 

Source» of Datiu 
Clualu», K. ea4 Velgend, K.f Z. phyelk, Che«. D¡jf5# 1 (19**0) 

Rudenko, N. 8., Zhur. Tekh. Fi*. 1123-6 (191^) 

Daly, E. C. C. Md Donnnn, F. 0., J. Che®. 3oo. 8l, 9°7 (1902) 

CoBfBflnt* t 
The delà tabulated tclow ere fron» the work of Baly and Donnaa. 
Theoe reeulte M*y be «xpreened by the foraulai 

d ■ 1.^2333 - 0.006467 (T - 64) 

vhare d le the denelty In gia/«»3 and T le the abeolute teaç»rature 

ln *K. 

Temperature 

•k 

Denoity 

94.0 

64.5 

85.0 

05.5 

66.0 

06.5 

O7.O 

•07.5 

00.0 

80.5 

09.O 

09.5 

90.0 

1.4233 * 

1.4201 

1.4x69 • 

1.4136 

1.4104 

1.4072 

1.4039 

1.4007 

1.3975 

1.3942 

1.3910 

I.3876 

1.3045 

FOi/lUR lut urc*: 7-10-V9 
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i.r<09 

DENMTÏ of GASEOIB ARGCW 

Houror of Data; NPÜ CiMUlfiT i>04 ( 19^'j)* 

OUwr norrrrncc»; 

C^mrm'ntc : 

CraUíc, J. A. and Jullm, H. P.# Ind. F.nd» 
Ch'-m. JU), l66fî-9 (ly^)j Holborn, l., 
Üci»ult»»,H. und Otto, J., Ilirvlbuch der Bxper- 
l,w:ntHlphyr,lk, vill, part 2, 15? (19?9)i 
Mlctmln, A.. WIJker, H., Vljkcr, tik., Phyclca 
1S, GZt (19^9)} Onne», H. K. and Crommelln, C. 
A»* I/îiden Comrr. No. llHo (I9IO). 

No cxperlmontul data on the «ienolty of Arçon have 
been publlohed olnce NUS Circular 564. 

Table of Coloctrd Values 

Tcmp, 

*K 

70 
ÜO 
90 

100 
110 
120 

HO 
140 
IVO 

ICO 
170 
IrtO 

?10 
;*4o 
,'70 

400 

Dônelty, çto/cw* 

.01 Atm 

3.744 • 
3.477 
3.^45 

3.043 
?..%j 
2.704 

2.319 
2.03 
1.M02Ö 

1.6226 

6.759 X 10 
6.0.% 
5.410 

4 .70 
^.426 
4.056 

»S 

.1 Atm 

6.101 X 10 
5.424 

4.679 
4.4 33 
4.062 

.4 

3.7% 
3.4% 
3-240 

3.045 
2.865 
2.706 

2.319 
2.020 
1.O03O 

1.6?; 7 

H 
«I 

H 

1 Atn 

4.977 X 10’3 
4.500 
4.110 

3.793 
3.507 
3.26/3 

1.061 
.2.977 
2.715 

2. j?4 
2.034 
1.904Ö “ 

1.6?j0 - 

10 AU 

4.74 X 10 

4.21 " 
3.82 M 

3.5O - 

3.23 
3.OI 
2.020 " 

2.37O " 
2.0ÍO - 
1.0210 " 

I.6327 

Hjjy/ti H ïiiMMMl : 5-?5*’/3 

100 Atm 

5.&04 X 10 

3.CV/3 
2.339 
I.958 

I.098 

-1 

I 



• *• m<0W mr*% »* - • r fp» vn. 

1.010 

EEWülTT of SOLID MÎTHAMK 

Sourow of DwUl: 

Hffusr, W., 2. phyn. Ch«m. Al)«?, ?66-74 (I930) 

Mooy, II. H., Comm. Knwrllngh Onwo Lab.. Uhlv. 
Lflldtn, Conn. No. ri3d. 

T»fcl« of Valu«B 

Rdf«rene« 
Tonp. 

•k 

Demilty 

gm/cc 

Rn xi»« 

Mooy 20.4 

0.52c t 0.001 

O.517 t 0.006 

KKH luuuM: 7"13*W 
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1.010 

TEMPERATURE, °R 
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1.010 

DENSITY of LIQUID JCTHANE 

(Saturated) 

Source of Dntat 
Matthews, C. 3., and Hurd, C. 0., Tran», Innt. Chen. Eng. J? 

55-78 (19½) 

Other References: 
V p ct nl.. V,ii^s_of_rhyc1cal and Thrmodynanio 

Prop»'rtleti*of Hy3lroctvrh.'nu~u»7A Hclsõ-A Con^j^u, Carnc/jic Ireus, 

rittr.bur«i* (1953) PF* 
McLennan, W. 9., et ol., Ti-ano. Roy. Soc. Can., Sec. Ill, 37- (1930) 

Cmmgnts » 
The graph on the preceding i-Mje nade from data oelected fro« tha 

above listed source. , 

Table of íiclected Valúes 

Tempe rutui’C 

*K 

99.8 
105. >' 
110.9 
llo.s 

isr.i 
1:7.0 
ijj.:- 
138.7 

I't't.j 
l»i9.o 
l'/,.'' 
1(/0.9 

166.5 
17^.1 
irr«6 
r'.j.p 

r’. :.7 
'191.1 

*R 

179.7 
109.7 
1*99.7 
PO9.7 

-19-7 
P.*9.7 
i’39.7 
..*‘*9.7 

.999.7 
i>V9,7 
:79.7 
: >9.7 

/99.7 
309.7 
319.7 
!>■“)•! 

339.7 
,1 3.° 

iTCOiiure 

pain 

»1.90 
• 6.»*»« 

13.30 
21.71 

32.¾ 
»to.*« 
6»*.5 
O'f.G 

II5.7 
150.0 
I9I.5 
2»*0.0 

297.O 
30»< 
1.1(0 

6:7 
073 

Giveifie Vol. 

ftVlb 

O.O3635 
0.0V/>8 
0.037wo 
0.0j;‘.39 

O.O39I5 
O.Oi>99 
0.0:.092 
0.01.I >3 

o.o'.yv^ 

0.0-5:75 
0.0-.755 

0.01.915 
0.0517' 
0.05525 
0.05/79 

C.U.'V 1 
0.09*3 

Dcnnlty 

gr./cm^ 

o,».».07 
0.»»331 
0.1..53 
0.»*173 

0.I.C91 
0.1.000 
O.3915 
O.382O 

0.3719 
0.3ul5 
0.3502 
0.3375 

0.381(1 
0.3082 
O.2899 
0.8..70 

0.2308 

Ib/fV 

2/.51 
27.0*( 
2).59 
80.O5 

25.5*» 
25.01 
2*(.1**4 
2}.h 

23.82 
88.57 
21.80 
2I.O7 

20.23 
19.24 
13.10 
10.()/ 

14.37 
10.8 

j 

Critical T.»Mp. (Nonr.al T-tj., ! ( i "K r.r. Tvt-p. - .. //•k) 

12 ¡*/vXr ~ r. .. 8 : M 1 - V.1 
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1.010 

DENSITY of GASEOUS VETCAHS 

(At Saturation) 

Sourca of Datai 

Matthew«, C. S. and Hurd, C* 0., Trans. Am. Inst. Cher* Eng. 42, 
55-78 (1946) 

Table of Selected Values 

Temperature Freoourc 

pola 

Specific Vol. 

ft3/lb 

Denoity 

•K *R gm/cB^ lb/ft3 

99.8 
105.4 
110.9 
116.5 

122.1 
127.6 
133.2 
138.7 

141..3 
149.8 
155.4 
160.9 

166.5 
172.1 
177.6 
103.2 

100.7 
191.1* 

179.7 
109.7 
199.7 
209.7 

219.7 
229.7 
239.7 
249.7 

259.7 
209.7 
?r9.7 
209.7 

299.7 
309.7 
319.7 
329.7 

339.7 
343.9 

4.90 
0.44 

13.00 
21.71 

. 32.4 
46.4 
64.5 
87.6 

II5.7 
150.O 
191.5 
240.0 

297.0 
364 
440 
527 

627 
673 

24.04 
l4.ol 
9.31 
6.13 

4.p4 
3.04 
2.23 
1.67 

1.201 
O.99O 
0.773 
D.6IO 

0.403 * 
O.301 
0.3000 
0.231Ô 

O.I613 
O.O903 

0.0006664 
O.OOIO96 
O.OOI7I 
0.00261 

0.00370 
O.OO527 
0.007.10 
0.009-60 

0.01250 
0.0162 
0.0207 
O.O263 

O.O332 
0.0420 
0.05325 
O.OÓ9IO 

0.09931 
O.I63 

0.04160 
0.06045 
O.IO7 
O.I63 

O.236 
O.329 
0.440 • 
0.599 

O.7ÛO6 
1.01 

l-M 
2.07 
2.62 
3.324 
4.314 

6.200 
10.2 

f Critical Temp. (î.^mal Boll. T«*inp. - lll.Y'K T.P. Temp. « /Ja.74K) 

r 
( 

\ 
I 

WB louuedj Y-13-l>9 



n.ooo 

EXPANDIVITï ol’ CKYOGMÍIC FLUIDO 

CONTENTO 

ExjMmoivlty ol’ Ll'julil Nlti-ogcn (along the multirig curve)... .2.00^ 

Expanolun Coefficient (nt Conntont Prenaure) of Ganeou* 

Cartum Monoxide (loothermn frejm -70 to 0*c).2.007 

Kxpanolvlty of Solid Argon...2.009 

Expaiujlvlty of Liouid Argon...2.009 
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n.oou 

EXPANÜlVlTlf of LimnD NITROOEH 
along the melting curve 

fipurcc of Data : 
Grilly# E. R- Mills, R. L., Phya. Rev. 10¿, No. k, 
llhO-45 (19î)7) 

Ctjwnentst 
values of expanaivity (¾) tnbuUted below were evalueted 

along the meUlng curve from fchs relation 

wheret PL 1ü in reciprocai ‘K 
Vt le in cm-yew 

Table cf Selected Value» 

Preesure Temp. 

•k 1/V Mi/cm2 atm. 

X 
79.0 

202.0 

354.7 
^04.1 
71O.9 

1066.8 
1422.7 
1920.7 

2631.9 
3555.6 

Ô.9Ó8 
76.459 

I95.5O 

343.29 
487.69 
608.04 

IO32.5 
1376.9 
1850.9 

2547.3 
3441.3 

63.14 
64.84 
67.40 

70.46 
73.36 
77-24 

83.57 
89.54 
97.40 

I07.O3 
120.29 

0.004 56 
.004 l4 

.003 49 
-03 17 

.002 92 

.00? 39 

.002 03 

.001 68 

.001 07 

.000 94 

jy/jKC Ifsuoa: 9-15-/? 
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if .007 

Exmrr.icN cnpn*ioieniv. hahkcius caiut-n monoxide 

Source cf Dut«: Demin»», W. E. and Chujie, L. E., rhys. 
Hev. [J] £, 2L*«4',-ul» (1931)* 

Coinnents : The copot»int j.rcor.ure expansion coefficient 
” In defined by 

The values t.rvbul:ited below were cnldulaled by 
Demin/» nnl ühupe fron »VT data /»iven In Bartlett, 
E. P., Hetlierln^ton, H. C.*, Kvulnen, 2!. M., und 
Tremearne, T. H., J. Am. Cliem. Soc. ^2,.137^-02 
(1930)» 'H»« Joule-Thotncon cijefflclent, p, muy be 
calculated from 

Table of Selected V*lue* 

Prencure 

atm. 

Expansion Coefficient 

-70 *0 1 O
 • O
 

Í 

-25 *c 0*C 

29 
:o 

.75 

100 
190 
¿00 

300 
»100 

•,oo 

0)0 
Coo 

1000 

1100 
1200 

1.220 
1.46‘j 
I.71O 

1.099 
i»y‘‘3 
1.706 

1.109 
O.W!9 
O.7ÖO 

0.709 
0.652 
O.I167 

0.Í/2Ó 
O.396 

l.l'jfl 
I.352 
I.5OO 

I.619 
I.655 
1.529 

1.172 
0.91*2 
0.910 

O.71O 
0.6Ò9 
o.toji» 

0.V17 
o.l/iv 

1.12¾ 
1.2¾¾ 
1.3^9 

1.U21 
1^5¾ 
1.392 

I.152 
0.969 
O.O33 

0.72¾ 
O.f.Ol 
0.60¾ 

O.bOo 
O.MÍ 

1.09¾ 
I.IO3 
1.255 

I.3O6 
1.33¾ 
1.299 

1.135 
0.090 
O.O5I 

0.7*»9 
0.GI6 
O.531 

0J/96 
oMi 

¡■l/r/iïÏÏÏ !: rã.. .): '/¡" J1 

» • . . 
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Sources of Datai 

?.009 

FXrWfSIVITY of SOLIO aHOON 

Dobbs, E. R., riRKlns, B. P., Jones. 0. 0., Plercey, D. C. and 
Riley, D. P-, Nature IjB. **Ö3 (Wö) 

Dobbs, E. H- and Jones, 0. 0., Repts. Progr. In Phyo. 20, 516 (1957) 

Zucker, T. J., J. Chem. Rtys. ?¿, 915 (1956) 

Connwntsi 

At temperatunts below 30*K t»« expansivity will be frequency- 
sensitive and the Einstein snodel uoed by Zucker is probably in¬ 
adequate. Further expanslvlty measurements below 30¾ are 
necessary before this can be established with certainty. 

Table of Sxporiirantal Vuluos 

Tempe rat.urn 

•v 

rxi^nnivity 

cm 
cnTV 

10 

20 

30 

Uo 

50 

to 

70 

no 

04 

0 

4,0 X 10"k 

8.2 " 

11.7 

13.5 

14.9 

16.2 

10.0 

«10.9’l xiO"1* 

• ••xtrupolatud vuU'it 

iqji/iiDT 1 liuued: 



KXrANUIVlTY of LÏÎUID AHUCS 

lîouver ol’ IMltt: 

Mnthl«», K., Otunto, K. nnd Cixinmipllu, C. A., Troc. Roy. 
Acud. Gel. AnwterUiim U/( (1912). 

Gemmento; 

Mnthl&o. Onneo, und Crommclln found the thermal expunulon 
ol* liquid argon to be related tu the foHovlnji exprernlon: 

I dV 
V dT “ 

A X 10 

at T - 90*K, A • 1*500 

Where: 
T ■ aboulute température (0*C ■ ?73*lö*K) 



3.coo 

THKHKAL CONIXICTIVJTY of CRY(X5ENIC FLUI DC 

CONTENTS 

CravernIon Factors for 1? • rol Con^'Ctlvity...3.000 

Thermal Conductivity of Solid Helium.3.001 

niermal Conductivity of Liquid Helium (at saturation)........3,001 

TTieiuAl Conductivity of Gnaeoua Helium (near one atiroephere) ...3.001 

Thcrsnl Ccnductlvlty Of Liquid Hjrui-uyen (noi'ial and para).•••••••J.OOZ 

Thermal Conductivity of Oaneou* Hydrogen at 0?»« Atsosphere pmnnurt, 
(normal and para).....3.002 

Thermal Conductivity of Gui;eoua Heon (at on* ntmoapiiere).....3«003 

Thermal Conductivity of Qaoeoua Heon (at 274.79*K and 373.09*X),......3.OO3 

Thermal Conductivity of Llould Kltn>gen (at oaturatlon).3.004 

Thermal Conductivity of Nitrogen (liquid and gas).  3*004 

Thenwd Conductivity of Cfuieoua Nitrogen (at 314.3*K)...3.004 

Thermal Conductivity of Oxygen (llqi.'.d and gas)......,.,....3.005 

Theraal Conductivity of Air (goueounj at one atmosphere)........ ..3.OO6 

'¡hermnl Conductivity of Liquid Carbon Monoxide......Í.3.OO7 

Theraal. Conductivity of Ganeous Carbon Monoxide (at one atmosphere).. .3.007 

Theraal Conductivity of Caoeoua Carbon Monoxide (at 0#C and one 
ataonphere).    ,3,007 

Thermal Conductivity of Gnneoun Fluorine......3.OO8 

Thernrfil Conductivity of Solid Argon..009 

Thermal Conductivity of Liquid Argon.3.OO9 

Thera/il Conductivity of Gaseoua Argon....,.3.009 

Thc-raai Conductivity of Solid Mct.han .......j.010 

Thermal Cc.nduetlvlLy of Liquid Methane.3.010 

Therrnal Conductivity of Cnneoua Mi'thnne.3.010 
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3.000 

CONVKIOION FACTORS for TIKRMAL CONDUCTIVITY 

Wattn cm Units in Cal cm mu ln *Áru ft BTU in BTU in 

cm2 *K in2 *F •cc c*b2*K hr ft2*K hr ft2*F neo ln2*F hr in2*F 

Wattn Cm w 
cm^ *K 

1.000 1.411 o.oíJVj * # 
6.934o 
X 10s 

57.79 
I.338 . 
X io-3 

4.816 

Unite in 

1 in2*F 
0.70Ö7 1.000 0.1693 

4.914 

X 102 
40.95 

9.480 
X IO*1* 

3.413 

Cal. cn 

occ cn^-Ti 
4.I858 5.907 1.000 

2.902T7 
X 103 

2.419 

X 102 

5.602 
X 10*3 

20.16 

PTU in 

1 hr ft2*í 

1.442 
X 10*3 

2.O35 
X 10*3 

3.445 
X 10“** 

1.000 
8.33 

. X iO“2 
I.929 
X 10*8 

6.944 

X 10-3 

mu ft 

1 hr ft£*F 
I.730 
X 10*2 

2.442 
X IO*2 

4.135 
X 10*3 

12.000 1.000 
2.315 
X 10*3 

8.333 
X IO-2 

B7U in , 
1 " . ^ e*'o in^T 

7.4738 

X 102 

1.0548 

X 103 

I.785 

X IO2 

5.184 . 

X 105 

4.3191 

X IO1* 
1.000 

3.600 

X 1C3 

D íU ln 

1 hr in2*F 
O.2076 0.:.930 

4.960 

: 10"2 

1.44 

X 102 
12.U00 

2.778 

X IO“1* 
1.000 

■ 

.,' HC/ViIJ 1 u i. uni: 
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THER4AL COOTUCTIVITY of COUD IIFXfUM 

Cource of rota: 

Wcbl^ r. s. i'iid williti, J., Phil. Maß. M., CU4 (1953) 

Other liefert acra; 

Webb, F. 0., Wilkin«, K. H. «nd Wllko, J., Proc. Roy. Soc. (tondon) 

API 4, 546-03 (1952) * ~ - , r ' 

Wllklnuon, K. R. and Wllk», J., Proc. Phyn. 8oc. (London) A64, 89-91 
/i r»ci \ 

Couavento: 
Tlie Abcolutc temperature seule (0"C ■ 2Y3.l6*K - 491.56 R) and «elected 
vttlueo for thi-cc dlffereot den»ltle8 uro ßlven In the tnble below. 

O.PlO gm/cm-1 At 0.202 gm/ca3 S At 0.PÔ2 gm/an3 

Tomp. 

•k 

1.25 
1.34 
1.37 

1.64 
1.87 

vtttte/cm'K 

7eap. 

•k 

0.?2 
0.18 
0.170 

0.075 
0.03 

1.39 
1.45 
1.70 

1.81 
2.00 
2.12 

2.42 
2.95 
3.08 

3-55 
4.05 

wr.ttß/cra*l( 

Temp. 

K 

.32 

.50 

.63 

1.4 
1.68 
1.95 

.60 

.465 

.40 

2.2 
2.35 
2.4 

.24 

.075 

.¿65 

•03 
.01 

2.6 
2.7 
3.25 

4.09 

vatta/em*K 

.38 

.74 
1.05 

1.07 
1.04 

•91 

.70 

.46 

.165 

.06 

Düm/cí'ÁH luuucd: 7/13/59 

~ ‘- - •—»—^ ú-— mrnm 
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3.001 

TUFJWAL CONDUCTIVITY of I.IQUIP 1ÎÏLIIK 

(at 8« uratloo) 

Sourcg of Data: . 

Grenier, C., P»yo. Rev. ”o* 3# 589-603 (l35l) 

Oth»*r IV»ferenceB; 
Hovera, I. R., Proc. Phyo. Goc. (tendon) 1^, 5II-I8 (1952) 

Prever, D. F. and Edvards, D. 0., Proc. Phyo. ßoc. (London) 
21, 117-125 (195G) 
Fairbank, H. A. «id Wllka, J., Phyo. Rev. g¿, 277-Ö (Jhly 195**) 

Commentas 
The thermal conductivity loa linear function of temperature 
between 2.5* «id h.5*K. 

The Absolute Temperature Scale (0*C « 2/3-16 K * ^91.56 R) 
uued In the table of eelected valueo below. 

Temperature Thermal Conductivity 

•K •it 
rallllvnttn 

cm-^K 
BTU 

ftliT'R 

2.3 
2.U 

2.6 

2.0 

3.0 

3-5 

4.0 

4.2 

4.14 

4.32 

4.60 

5.04 

5.U 

6.3 

7.2 

7.56 

0.101 • 

.185 

.195 

.205 

.214 

.238 

.262 

.271 

0
 

ö
o

o
o

b
o

p
o
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3.001 

TKKWÀJ. COMWCniVlTY of QA3E0Ur> IIF.LIUM 

(Ne«r One Atmonplicre) 

f.onrcr of Ifr-tat 
Akln, H. W., Trnna. ASMS 751-57 (^u«. 1950) 

Other Refcrenceti: 

Amdur, I., J. Che. Phyo. ü, »»• 1. W>!=-«S (Ju3> ^kl) 

Howklm, 0. A., Tr»"'-,. AT.KE JO, W (19^) ., 
«h, J. .nd KolouklAA. ï. 3., Ti’iuio. ACME ¢, »0. 6 (Au*. 195 , 

Konmilulk, W. 0. And CA»nn, Z. H., Proc. Phy». 3oc. (tóndon) !¡6¿, 

No. 393# 701-9 (^Pt* 1952) 
Keyci», F. 0.# Trnr.o. ASME TJ.# 5^9 (Jtly 1951) 

• Key.., P. 0-. ’Prnnfi. ASME ¢, No. 5, 0O9-1Ö (July 1951) 

Wa* Lb rock, P. Zucke rt-rodt, J. Chm. Phyn. 2P, 5^3 (195«) 

Commrntsj ... . 
The Abeolute ietsperature seal« (0*C - 273*lô K ■ 91*^ vai u«« 
In the table below. 

i 

•r 
nlll^-mtto 

crn^K ft \\r 

5.30 
IO.9I4 
16.49 

22.05 
ZI.61 
33.16 

OR .72 
144.:7 
199.O3 

255.3« 
306.49 

9.Ó9 
19.69 
29.69 

39.69 
49.69 
59-69 

159.69 
259.69 
359.69 

459.69 
659-69 

.450 
-440 
-430 

-420 
-410 
JuX) 

-300 
.200 
-100 

0 
200 

0.109 
O.IO3 
O.23O 

0.ÍT7 
0.322 
0.363 

0.69É 
0.95 
1.16 

1.37 
1.73 

O.OO63 
0.0106 
0.0133 

O.OI6O 
0.0106 
0.0210 

0.0400 
O.O55O 
O.O673 

0.079? 
U.1000 



T
H

E
R

M
A

L 
C

O
N

D
U

C
T

IV
IT

Y
, 

m
ill

iw
o

tt
*/

c
m

 

> .-K ■ 
>-.* nMMMpari ... . ■• . .V •• ~ “ 

» 

«¿ilblftiÍÉiinwmiiimi^i innírrtíiili' riniirlnuiMiitft.f , 

30 

3.0C2 
TEMPERATURE, *R 

40 50 

085 

.080 l 

.073 

.0 70 

.0 65 

.000 

\sv • V' • 
■ - - - - - . . ^ ^ . . 

“■ ,*• „% *■ mm* w L ^ * “•* 

- ... - ---- . --- ■ . . . - 

T
H

E
R

M
A

L 
C

O
N

D
U

C
T

IV
IT

Y
, 

B
T

U
/f
t 

h
r-

«
R

 



3.002 

: 

: 

ï 

- 

¡ 

* 
. 

; 

IWiRMAL CONOUCTIVITY of LIQUID NoRMAl. find PARA IIYDROQEH 

Spurep of n! 
3T Am. ÔWmd. Soc 

Power«, R. W., Matt'ix, R. W 
. Jù, WA wd W2 (i9y*). 

• » and Jolino ton, H. L», 

Other Referrncpot RoroviK, F.., Katveev, A. and Pimlm, K., J. Ttech. 
-rh7«--nnnS.R.) io, WO (19^0); 3cli«ofer, C. A., and Thodoa, 0., 

Ind. En«. Chem. ^7 11>05 [19‘À)» 

Coimrntn: The only avolUble Information on the tliensal conductivity of liquid 
' liy-Sroßcn Ib tlJit of Power«, Kattox and Johnnton, who find that there 

1= no «limifIce.nt. difference betwran thn conductivity of normal and of 
para hydrogen. Tliey reduced their data to a «tralght line enrvw liaving 

the equation ill 
k a (1.70? ♦ 0.05V73 T) x 10"u cal ca‘l eec“1 dug*1. 

Data for both normal and para hydrogen are «hown on thie curve of ex¬ 
perimental point«, und the proteblc error of 2^ 1» greater than the 
difference« In the conduct!ville» of the normal and para forms. In tne 
nraauremants, correction* were rede In the cane of normal hydrogen, for 
the heat liberated In tlie oponton-c-u« conversion of tho normal to the 
para form. Hie curvo han a poeltivc olope ehowlng that the thermal 
conductivity Increnneo with ter^erature. This cor.trartn with the e-ang* 
of tlvenr.-'l oouiuclivitieo of other low boiling iWuid« Wg» W# ^ 
and Cí'Híi prevlouuly Inveatlgated, which »how e. decioanlng caaluctlvity 
with ridng temppratuve as shown by the work of Poworo, Mattox and Johnnton, 
and by Borovik, Katveev and Panlr». 

Echarfcr and Thodo« heve developed curve« «howjng a Heducêd thermal 
Conductivity Correlation for gaae-Aj« and liquid hydrogen, using data of 
SíñeFTn ve a tlgator o. 

Ho data on thermal conductivity of «olid hydrogen haa been found. 

Thermal corviuctlvlty value» computed from the equation i 

k • (1.702 ♦ .OS57J T) 10-1* cftl/cm «ec^K 

Temp. 

•k 

K 
wntt» 

k 
cal 

Temp. 

*K 

K 
watt« 

k 
cai 

cm *K cm l-c'V. 0111 tk cm ere K 

16 
17 
18 

39 
20 
21 

22 
:’3 ■i 

10. ¾ x 10*1* 
11.08 M 
11. j? 

11.55 
11.79 
12.02 

12.25 
IP.liP. 

-TT 
2.v>3 X 1° 
2.6A9 “ 
2.70s 

2.761 
2.817 
2.8/2 

2.9?8 

^ " J i 

?> K"ñ 
S' 

2. 
j 

12.72 x ÎO'1* 
12.95 
lj.l8 

13.½ 
13.65 
13.88 

I'l. 12 

__ 

3.0'tO x 10’4 
3.095 
3.I5I 
3.207 
3.20? 
3.31O “ 

3-37^ H 

i Z.cited ' * - > 
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3.002 

THERMAL C0MDUCTIV1TT of GAÍWüUS HYDWXJL'N 

(Honml und Hum) 

Source il of OkI^i 
FarTLie. A., Ortho-Pure Hy^lr^en end Heavy Hydrogen, Ciunbrld^e Unlverelty 
Pr«»o (1935) 

Hilacnruth, J., et al., Nat. Bur. Standard* Clr. ¿6U, S6j (1955) 

Other Refer*» nee a t 
AniLiunnuw/t., J. Chi«, rhy». ¿2, 295 (1955) 

Oodrldge, A. M., Bill. Brit. Coal litlllaatlon Renearoh A#»oe, Jfl, 1 (195^) 

Johnaton, H. L. and Orllly, E. R., J. Che«. Phya. lU, 233 (I9U6) 

Schaefer, C. A. and Thodoa, 0., Ind. En«. Chen. JO, I565 (1956) 

Veltjal, D. H. and Herahey, R. L., Créenlo En«. Conf. Proe., Paper 2.02 

Courent» j 
low«r curve, bain« that for normal nvdrogan. representa ths data 

given In the Nat. Bur. Standards Clr. 5^*« (Cont. on next page.) 

Tibie 1. Selected Valued of Tlvïinftl Condue- 
tivUy from Circular 5o4 for Qaeeoua .Noreal 
üytíU’Oí'.cii una Corretpondlni'. Valúen Con.putéd for 

Oeaaoaa Fera llydroívn 

Table ?. k,A_ 
;;6tcd Values comp1 

by Farkaa 

. ■ . 

• V 
r'V 

.* .■ 
- - --■ 
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VHKKIVW. countN7TÎVITY nf OAOKOJB ttYni«xa:îl (Cont.) 

(norrAl nr>rt r*'*"«) 

Kxli tlrv» Vftlui'fi nffir ronm tf'mj»*rature ithow n courId^rjibl«* oc'itU’fln.';. 
Johnnt.on mid f’irllly'p. vulu«* ut pOO.^*K of *4.039 x 10** cnl/cm ner *K 

nttoiit 1.6^ tir low ti»r curvt*. A r.]i(;htly rmnllcr drvliitlon In 
lîrt* r.uiu? dlrcotlon lu ï iiown in t he t uk trmperuturtî rr-.lon by 
QodrMoï und by Aivlrui;n<M. It iii tie re fore po'ji.iblc tout tin? curve 
niuitild l»r lowered et li’htly n.. U m;*-ruturen ubovr The uiijvr 
airvc, viilen !.. for paru hydro.rn, va/, calrulutcd from the valuer, 
of tu«' lient cnpncliieu ut corintunt volume of n- and p-hydroijen and 
thw ttvr. ./I conductivity w* n ■.-yirr»| u»*in<i t*io c ¿u*.o 1 on 

"HMi'l . ^(P) ♦ g-^ " 

^ » 2-¾ » 

which in ylvrn on p^'.c 21 of the book by Fnrknn cited nbove. (Gee 
Table 2). The curve bcluw 1» from Vcltzcl and Kernhcy und chowu 
the ratio of thrrnal conductivity of puni hydro/;cn to normal 
hydrogen at temjv.Tntureii from 0*K to 30U*K. 

1.2 

*H2(p! 

M 

100 200 
Tf MPEP^TURE . °K 

ic 
300 
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3.003 

THERMAL CONDUCTIVITY of C*ASECIB NEON 

(at One Atmosphere) 

Sources of Dalai . . Q. 
Andur, tTJ J. Chem. Ph>e. 16, 190-1* (191^) 

Kannululk, W. 0. end Carmn, B. H., Proc. Phys. 8oc. (Won) (jB, 
701-9 (1952) 
Srivastava, B. H. and Saxena, 8. C., Proc. Phys• So«. (Ixwvlon) jOB 
369-70 (195T) 
Thoai«, L. B. Mid Col Iks, R. C., J. Che«. Fhy». 22^ 3^0-5 (^-95^) 

Weber, S., Ann. Physik. 325, •»j?, (1917) 

Weber, 8., Ptoe. Roy. Acad. 8cl. Amsterdam ?l, 3**2 (1919( 

Weber, 8., Versla§ AXnd. Wetensoliappen Aoeterdan ?6, 1330-53 (1910) 

-Conversions from 0*C to *K In the table below are based on a value of 
the ice point of 273.09*K us'd by the leiden laboratory In 1917 191Ö. 
Ti* disagreement with tí» currently accepted value, 273.15TC 1* o* no 
consequence because of the small temperature dependence of thermal 
conductivity and the relative uncertainty of the conductivity measure» -its 

TcmjvratAire 

*C 

.S13.09 
-¿ïi.ty 
-193.0-1 

-iMj.O'l 
-103.09 
-IOP.97 

-lOf.or 
-;n'U.«3 
..lei.k 

•173.09 
•153.0-.* 
• 150 

.133.0-* 
-ni.cYt 

•k 

03 
70 
no 

?o 
90 
90.1? 

90.1? 
01,6ii 
91.69 

VXJ 
IPO 
i:3.i»-.» 

l»lO 
luo 

The m il Cond. 

cal/cm-nee -*K 

•3.79 * 10*5 
*4.17 
•4.53 M 

•4.B6 
4.93 
4.ÍV) 

•v.oo 
•*.->9 

♦4.99 

•5.19 
•5.76 
6.31 

•i*.3i 
•Ó.Ü4 

'jy-npernture 

'C 

-100 
- 93.09 
- 70.5 

- 73.5 
- 74.37 
- 73.09 

- 73*f)9 
- 50 

0 

0 
0 
0 

35.61 
ju.Ul 

•k 

I73.O9 
iBO 
19'*. 59 

194.59 
I9Ö.7? 
?00 

roo 
prj.on 
P/3.09 

273.09 

.-73.^9 

10-1.7 
310 

Thcrml Cond. 

cnl/cm-ccc .*K 

♦ 8.13 X 10"' 
« 7.3? 

fl.76 

* 0./35 
0.79 " 
0.02 

7.7O 
+ 9-67 
♦ll.04 

10.0/ 
11.10 

•11.13 

•*11.99 
♦12.016 

‘ Calcul:'*c i Vilu«.- . 
* 1 recent e l nr. K; /K0 > 

♦ Interpolated Vnluro 
(1« IV h • ll.'>4 c I/o-.. . c-*K nt 0*C 

*• t .PO% 



3-003 

TKERWl COWDUCnVITY of GASEOUS ItFOH 

(»♦ {74.79*1'. and 373-09¾) 

Sources of Data: 

Kannululk, W. 0. and Canaan. E. H.# Proc. Fhya. Soc. (London) 6^8, 
701-9 (1952) 

Kammlulk, W. 0. and Martin, L. H., Proc. Roy. Soc. (London) Al44, 
49t-5l3 (1931*) 
Weber, 8., Ann. Oiyalk. §2, 479-503 (1927) 

Commenta; 

Values of the theranl conductivity at 273.09¾ and 1 atnoanhere are 
IO.9I X 10"^ «-cal/cn sec ¾ (Binnavitx, £., Ann. Physik. 46 , 577-92 
(1915)1, IO.92 X 10-5 g-cal/em sec ¾ ICurJe, M. and Lepape, M., 
Compt. rervl. 1^3, 642-3 (1931)1. 11.10 x 10*5 g-cal/cn aec ¾ 
[Kannuluik. WT^O. and C&nran, P. 0., Pi*oc. niye. 80c. (london) 6^0, 
7OI-9 (1952)1, 11.12 x 10"5 g-cal/em esc ¾ (Kannuluik. W. C. and 
Martin, 1-. H., Proc. Roy. 8o<i. (London) Al44, 496-5I3 (1931*)!» and 
10.Ö7 x 10*5 g-cal/cm sec *K (Weber, S.,”Verslag Akad. Wetetuchappen 
Anta tenían £6, 1336-53 ( 1910)1. 

A value of 11.04 x 10’5 g-oal/cn aec *K given by Weber Is considered 
to be the best value at 273-09¾ *nd 1 atmosphere. 

Table of Oelected Values 

• T • 373-09¾ ♦ 
Preuii. 

cm/Hg 

Thermal Cond. 

enl/cm-ne•-•K 

75.O7 
66.43 
57.½ 

50.15 
4l.d9 
33-62 

25.56 
17.40 

13.56 x 10-5 
I3.59 * 
I3.59 " 

13.57 H 
I3A7 
13.56 

13.56 “ 
I3.0O 

T • 274.79¾ 

Preos. 

cm/flg 

Thermal Cond. 

cal/cB-u«c-*k 

67.O 
67.O 
55.6 

42.4 
30.6 
19.4 

19.4 

12.28 x 10-5 
11.20 " 
11.29 

n.w 
11.30 " 
U.30 " 

•*11.31 " 

• mnji K.ti'J Umpcrature » T/4.49*K 
•• sv-rut k*u; rntune ■ ?74.19*k 

KLl/Lpf luruwii il-19-59 
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TEMPERATURE, *R 
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3.004 

THERMAL COÍÍDUCTIYITY of LIQUID Kl TROCO 

(at «atui*ation) 

Source of Etttat 

Pawn, R. W., Mattox« R. W. and Johnston, H. L., J. Am. 
Chen. Ooc. Jó, 5960-73 (1954). 

Table of Selected Val’*a 

Temperature 

•E 

6Ô.68 
69.92 
70.94 

73.66 
76.26 
77.66 

70.73 
Bl.ll 
01.77 

83.77 
06.44 
88.12 

lliennal Conductivity 

col/cm •at'O-’K 

3.64 X 10“11 
3.53 
3.59 

3.44 
3.39 
3.33 

3.31 
3.18 
3.15 

3.12 
3.07 
3.00 

«I 

19 

N 
N 

«• 

t! 
N 
H 

H 

H 
N 

KOT/iiJll 1 iwiüfdT 
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THERMAL CONDUCTIVITY, BTU/hrffR 
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Source of Dat«! 

THERMAL CONDUCTIVITY of NITROGEN 
(Liquid ond One) 

Borovik, E.. Matveev, A. and rani«», E.# J. T'itch. P»iy». (U.8.8.F.) 
10, 939-90 (191»')). 

Franck, E. U., 1. Elelitrochem. 636-43 (1951)» 

Keyes, F. 0., Trane. A3»« H» (W55). 
Lenoir, J. M. and Comings, E. W., Che». Eng. Progr. 4^, 223-31 (1951)* 

Uhllr, A. Jr., J. Chem. Hiys. 20. 4^3-72 (19¾). 

21¿L1*.«1, H. A4Î Earton, J. T. A., Brit. J. Aryl* —-i'5; ?.» 52-9 (195^) 

Cowwnts ♦ 
At low pressures and ternperatu>-es between 90 and 823*K, the following 
equation way be used to calculate the thermal oondvwtivltv of gasccue 
nltrogsn, where k is in cal/cffl*occ-*K and T is in *K. 

6.1? X 10"6 /11 

" 1 ♦ (235.5/T) (io*12/T) 

TVible of ßeleoted Values 

•LlquJo 
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3.004 

TÏÏKRMA.L CONDUCTTVm of IÍITR00KN (coni.) 

Temp. 

•k 

Tlieninl Cond. 

c«l/cm-oec-‘K 

0.3 Rtm 

105:2 li6. 
1^5.9 
127.0 
120.4 

120.9 
1^.5 
136.2 
136.9 
I39.O 

139.O 
139.3 
139.4 
1^7.3 
1^6.9 

2.25 X 
I.83O 
1.440 
1.380 
I.33O 

10 
M 

-4 

•# 
M 
If 

1.355 
1.335 

M 1.03¾ 
o.ryyo 
0.835 

M 
« 

n 
n 

0.885 
0.605 
0.810 
0.645 
0.555 

W 
m 

«i 
u 
« 

67.O ata 

76.9 
63.3 
85.0 

3.40 X 10* 

Temp. 

*K 

87.3 
89.8 
98.3 

IOO.7 
105.6 

114.5 
116*4 
I25.O 
I26.8 
127.2 

Trenail Cond. 

cnl/cn -nee -*X 

2.98 X 10 
2.96 
2.60 
2.57 
2.32 

na.o 
1^2.1 
145.0 
145.1 
I55.3 

3.18 
3.12 

w 
t« 

169.0 
171.0 
171.1 
184.3 
166.5 
201.0 

2.05 
1.935 
1.57 
1.555 
1.63 

N 

N 

It 

N 
M 

1.22 
1.10 
0.88 
0.940 
O.73O 

M 
H 
N 
H 
ft 

0.641 
0.60 
0.620 
0.597 
0.595 
O.COO 

w 
N 

M 
M 
H 
H 

Tenp. 

•K 

’Hio.-imvl Corvl. 

cal/cn.oec-*K 

100,5 atm 

87.2 
98.2 

105.6 
116.1 
126.6 
145.1 
155.2 
170.9 
135.8 
200.5 

3.08 X 10‘4 
2.70 
2.46 " 
2.11 " 
1.755 ^ 

1.257 " 
1.065 •• 
0.845 
0.755 " 
0.710 ^ 

134.O otra 

87.3 
97.9 

105.4 
114.5 
126,3 

144.8 
154.9 
170.5 
185.5 
200.0 

3.I6 X 10 
2.82 " 
2.57 " 

• 2.24 •• 
1.935 M 

I.53O - 
1.260 •• 
1.040 • 
O.915 * 
0.840 " • 

Prtjaa, 

atm. *K 

ÏÎier?scl Coral, 

eal/ea .eoc-^JC 
Freon. 

atm. 
Tarap. 

¾ 

The mal Ccx^d. 

¢01/018-000-¾ 

3.9 
5.8 
7.6 

8.2 
10.6 
10.9 

27.6 
?8.1 
30.4 

38.7 
47.6 

92.O 
77.2 

2f3.1 
76.4 

273.1 
91.8 

80.9 
fio.7 

107.2 

121.3 
314.3 

O.223 * lO*4 
3.2J 
0.582 " 

3.31 
0.536 
2.70 

3.18 
3.19 
2.23 

1.65 
O.69I 

56.5 
73.9 
02.7 

96.3 
121.7 
I36.O 

144.7 
167.6 
170.3 

196.1 
205.7 

314.3 
314.3 
314.3 

314.3 
314.3 
314.3 

314.3 
314.3 
314.3 

314.3 
314.3 

0.70, X 10J* 
O.725 
0.737 

0.758 " 
O.786 
0.824 " 

0.820 " 
0.861 ^ 
O.O65 " 

O.915 " 
0.913 " 

Tc • 126.135¾ 

rc ■ 33.49 ata 

KIíT/kJü/vJJ Ii.mu-d: 8/7'. ’ '> 

-. —_i___■ ■ -t - . - --,- 
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tuï’.ki-v.l cciTucnvj*'/ or r^oua tUTnoow 

( r.* jl'i.J’K.) 

'jOiircc l/.-noir» J« !.• :uid ConliyfOf E» Ciieni« F!ng< 
IVo;'. [¡2» 22J*31 (19!>l). 

Tuble of Selected Vnluea 

lYoi:o. 

atm. 

1.0 
>*7.0 
50.5 

73.9 
32.7 
94.3 

121.7 
I3G.O 
1^.7 

167.ó 
170.3 
19Ó.I 

20¾. 7 

Thcrnul Cond. 

cal/cn.nec**K 

0.CV7 X 10 
0.W1 
0.70¾ ” 

O.725 
0.737 o.rß 
0.7% 
O.B24 
0.328 

0.%1 
O'0<k 
0.91¾ 

0.913 

< 

K i'/T/kTh Jtiuui'd; >j¡ 
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3.005 

THERMAL CONDUCTIVITY of OXYGEN 

(Liquid fend Gac) 

Source* of Dnt>: 
Hllr.enrfttN, J., et »1., Notl. Bur. Standiu-ds Clr. gA, U25 (19J5' 
Toedorbcr«, N. V. tuvi Timrot, H. L., Soviet Hiya. îiîoh. fby8* i» 17^1-7 

(19r.O); felao In J. l^ch. Phys. (USSR) ‘£>10^-‘¿6 <V^6), f10cc\. 
'¿eibland! H. and Burton, J. T. A., Brit. 3. Appl. Phyo. 6, 416-20 (1955)1 

also AS TIA No. AD-90759 

Other Reference»: 

Borovik, Ye., 2hur. Ekoptl. i Teoret. Fit. 31» 3^-35 (19^7) 

Commentai 
The va lue a fer gaaeouo oxygen at or» atmoopnere llisted in ^ 
aro in pood apreement with data of Teedcrberg and Timrot. 
Burton'o value» are eonalotently higher. They vere not ueed for the praph 
except to indicate trend and fere tabulated on the next P«fl« f°r ~ 
comparison only. An approximate plotting of ’¿«inland wrd lkirton * dfeta i 
also ohown to facilitate compaurleon with selected values tabulated on this 

pope. _ _ 

Temp. 

•k 

73.1^ 
60 
93.16» 

100 
113.16» 
120 
133.16» 
140 
153.16» 
160 
173.16» 
180 
193.16* 
200 
213.16» 
220 
233.16* 
240 
253.16* 
260 
273.16* 
rv'o 
293.16r* 
3OO 
313.16* 

Thermal Conductivity, iallIlvatta/cm*K 

1 atm 

O.O65I 
0.07193 
0.0837 
O.09034 
O.IO23 
0.10900 
O.I209 
O.12766 
O.I396 
0.14607 
0.1582 
0.16424 
0.1768 
0.18241 
0.1942 
0.20008 
0.2U7 
0.21727 
0.2233 
0.23421 
0.2442 
0.2'i04l 
0.2605 
0.207*i0 
0.2/68 

20 atm 

1.721 

1.465 

1.19^ 

0.1535 

0.1640 

0.1756 

O.1907 

0.2070 

0.2245 

O.23O4 

0.2535 

0.2698 

0.28(,1 

40 ata 

I.72I 

1.465 

I.209 

0.953 

0.2233 

0.20Ö2 

0.2140 

O.2256 

0.2384 

O.2512 

0.2652 

0.2801 

O.pfK/» 

60 atra 

I.72I 

1.477 

1.2320 

0.9769 

0.6164 

C.2698 

0.2466 

0.2489 

O.257O 

O.2663 

0.2791 

O.2931 

0.3082 

80 ata 

1.733 

1.488 

1.244 

1.000 

0.663 

0.3550 

O.2Ö96 

O.279I 

O.2O26 

0.2834 

0.2966 

0.30^12 

0.3210 

100 ata 

I.744 

1.409 

I.256 

l.OUS 

O.709 

0.4617 

0.3489 

O.3163 

0.3070 

0.3094 

0.3140 

0.3245 

0.3349 

• Data fr'«! Tncdtrrherp anu Tlnu*ot; oilier duta fr<an NIC Circular ‘¿64. 

/J3 ^iclîvicd î 8-26-59 

’N. 



3.00Î, 

THERMAL CONDUCTIVITY of OXYGEN (Cot.,..) . 

(Liquid And Gno) 

Dnt» from ZrlbLand «ni .on abi’luted below for pur pone of comparison 
only. (Dsf graphical presentation on other oide of thin nheet.) 

PrcHourc 

aim 

TVanp. 

*K 

'Itiermal Conductivity 

mllllwatt/cm -*K 

1 Ye enure 

atm 

Temp. 

*K 

Thermal Conductivity 

milllwatt/cm-*K 

1 
1.7 
1.7 
•;.5 
5.5 

5.5 
5*5 

15. 
15.«* 
15.¾ 

51.8 
24.9 
28.2 
î*9.7 
Î39.7 

?9.9 
31.8 
32.3 
37.8 
46.7 

>•7.2 
47.2 
48.3 
48.3 
40.7 

48.7 
46.9 
49.2 
49.3 
49.3 

49.5 
49.5 
49.7 

. 199 
170.? 
196.1 
79.7 
93.5 

94.1 
102.7 
79.7 

102.4 
118 

199.8 
169.9 
79.8 
92.3 

1Ò4 

70.0 
118.2 
141.1 
153.0 
109.2 

197.3 
190.4 
01 

104.8 
158.9 

159.9 
175 
00.7 
Qi.6 

1J4.3 

79.2 
124 
144.9 

0.1002 
0.1G44 
0.1049 
I.632 
1.464 

1.460 
1..'43 
1.627 
I.347 
1.113 

0.1»’/4 
0.1866 
1.657 
1.510- 
I.334 

I.656 
I.I25 
0.7835 
0.228 

.. 1.297 

0.22-08 • 
0.2309 
1.6775 
1.355 
O.293Q 

0.2749 
0.2259 
1.661 
1.615 
O.95O 

1.643 
l.cra 
0.755 

49.9 
50.2 
52.1 
52.1 
56.9 

61.4 
61.4 
61.4 
65.9 
70.5 

70.5 
70.5 
70.5 
70.5 
70.5 

70.53 
87.4 
94.5 
94.5 
94.5 

94.5 
114.0 
122.0 
124.2 
124.2 

124.2 
124.2 
i?4,2 
124.2 
124.2 

^9.7 
135.8 

147.1 
I5I 
172.5 
173.1 
l6i».9 

165.1 
160.5 
170.1 
169.5 
79.8 

103.1 
140.0 
159.3 
173.3 
199.2 

197.9 
ISO.? 
102.3 
lj6.2 
140.6 

197.4 
194.8 
197 
00.8 

101.7 

124.4 
149.3 
150 
167.1 
173.7 

82.9 
196.9 

0.757 
0.6838 
0.2415 
0.240 
O.30I 

O.3429 
O.3OO?) 
0.2919 
O.3345 
I.697 

1.405 
0.75? 
0.599 
O.35O 
0.2628 

O.2655 
O.65O 
I.43O 
0.970 

• 0.804 

O.3225 
O.387J 
0.4053 
1.702 
1.464 

1.184 
0.001 
0.753 
0.G4i 
O.591 

1.6()45 
0.4423 
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3.006 

TJff.KXÂL ooKWJcnvrrr of aim 
(OtuieouB State) 

Scurea of Datât 
HiUenmth, J., et al., Mat. Rit. Standard» Clr. Jôj*, 70 (1955) 

Other Raferenoaai 

Gnablll, W. R., Chea. En*. 6¡», Mo. 2-10 (Feb. - Oct. 1957) 

Kannululk, W. 0. arrt Carnan, B. H., Auatrallaa J. Sel. Rb March Bar. A 
4, 305-314 (B«pt. 1951) 

rnentont.« f 

The data In the tabulation helov and In the graph ore presented aa of 
1 atm of prep»urn because to first onter the thermal conductivity dosa 
not vary vlth yreeeure (tx’cept at extrenme). Kannuluik and Caraan 
show a variation of 1 part in 1500 over a pressure ranee of 0.0Ö ata to 
1 ata. 

The data of Kcnr.uluik and Canaan agree vlth that in Circular 5^4 to 
within over the terpcralure range 90*K - 300*K but were not used. 

Oumblll precents methods of entiaatlng thermal cooductlvltlea. 

Trntnex'uturt? Thermal Curductlvity 

*K *K mllliutitt/cm -*a £rnj/i't'hr-*R 

no 
90 

100 
110 

120 
130 
l4o 
150 

160 
170 
ino 
190 

200 
210 
220 
23O 

2>i0 
250 
2(0 
17«) 

:*M0 
2)0 
}f)0 

144 
162 
100 
198 

216 
23'* 
252 
210 

?m 
306 
3?4 
342 

360 
373 
396 
4i4 

432 
450 
4(yi 
486 

•j04 
5JB ‘ 
';UQ 

.07464 

.OB35O 

.09248 

.1015 

.1105 

.1194 

.1204 

.1373 

.1461 

.1549 

.1637 

.1723 

.1009 

.1394 

.171% 

.2062 

.2145 

.2227 

.230.3 

.2303 

.r*4*>7 

.1*547 

.2<j24 

4.313 X 10*3 
4.825 - 
5.344 
5.Q63 *• 

6.303 H 
• 6.902 ^ 

7.419 ^ 
7.933 " 

8.442 - 
8.953 
9.45O 
9.957 

10.45 
IO.94 
11.43 
II.92 

12.39 
12.3/ 
1334 
13.00 

14.26 
14.72 " 
15.16 
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TEMPERATURE,*R 
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1.007 

THEIIHAL CONDUCTIVITY of LIQUID CARDON M0NÇXU* 

3ourc«of Datai 

Borovik, Y«., Wttreyev, A., and Panina, Ya., Zhur. T«kh. Fit. 
10, 9ÜÜ-9Ö (19^0) 

nil: 

Tbs authors maintained a preneur* somewhat In axoesa of tha 
vepor preenura for oUtaínin,? thorsal conductivity of tha 
liquid. Tha values vary rapidly with tessporatura but only 
slightly with pressura. 

The absoluta temperatura scale (0*C » 273.16*K) vaa usad in 
the tabla of experimental values below. 

Tssip. 

•k 

Thermal Conductivity 

cftl/cm.sao-*K 

'(RM 

90.U6 

102.06 

112.½ 

3.55 « 10"4 • 

2.60 - 

2.38 " 

2.1 " 

'JJTjI III nupdi 77ÏÏ7W 

» • - • - . • . . . » • . . . - ► • . « » «. • 

_ - ^ ^ ^ __._._^ ^_- ^ _^ ^ ^ 
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r, 

THERMAL CXíNDUCTIYITY of OAflKOUS CARDO!» MJWOXIDE 

(at one atir- eph«ra) 

Souro^« of Data» 

Johnoton, H. L. and Or Illy, E. R., J. Chen. Iñay. lU, 233-30 
(ISM). 

Eucken, A., Physik Z. 14, 324-32 (1913). 

Table of Experimental Values 

Temp. 

rK 

Thermal Cond. 

oal/cm-Bao -*K 

Temp. 

•K 

•mmeet ÇryrA. 

eal/oa-seo - *K 

Ö2.1 
87.41 
97.87 

130.06 
1^5.31 
155.07 

176.06 
193.2Ô 
198.4 

I.650 X 10"5 
I.802 • 
2.O39 " 

2.717 " 
3.O54 H 
3.261 " 

3.632 
4.013 " 
4.020 M 

207.36 
222.62 
237.21 

253.12 
267.08 
2O2.I5 

296.90 
312.00 

4.308 X 10*5 
4.604 " 
4.876 " 

5.I62 M 
5.4½ " 
5.683 " 

5.950 - 
6.210 " 

rinfim jc'.iu’kd: » JA'JV) 
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3.007 

THKHMAL OONDIJCTIVITY of Cyi9KOU5 CARDON MONOXIDE 

Sourcen of Data; 

Dickino, B. 0., Proc. Roy. Soe. (London) AIU3, 517.U0 (1934) 

Kucken, A., Phy»lk. Z., ]4, 324-3? (1913) 

(I95ó)y' H‘ ArCher, C‘ T,, ^°0, Rüy* 8oC* A110» 91-122 

(19¾)^ H’ Ä,ld Arch®r» C* T•» ^00, R°y* 8oe* (London) A121, 28^-93 

Johnnton, H. L. and Orllly, ?.. R,, j, Che=. phyS. 14, 233.38 (íç46) 

49ÏÏ31(1934) ’ nnd Martln' H* L*» I>roc* n°y* So«- (London) A144, 

WinkeIxviiin, A., Ann. Fhynlk. 1^6, 497-^31 (1875) 

Tîiermal Conductivity of Carbon Monoxide Gas 
at 0*C and 1 atm. 

Deference 
Thermal Conductivity 

cal/cm.eec »“K 

WinkeIoann 

Johnston 

Dlcklna * 

Kannululk 

Gregory 

Kucken 

4.992 X 10‘5 

*5.521 " 

5.5¾ 

5.37 

5.633 . " 

5.425 

* Best Value 

KDT/PJR lorued: f,/?s /59 
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3.006 

THERMAL CONDUCTIVITY ol FUJCfilHS 

Source of Pat*» . 
Franck, E. U. end Wicke, ï., Z. Elektrcch«». *¿, 630-6^3 (1951*) 

Corownta » 
MrMur<-mrnt« by rr»r.ck uú kick* »«r. »bn by the comon iiotho4 of 
Sum . wire to e nickel tube fillet with fluorine eee. Ho other 
meaBuremente have been publishede 

•inble of Selecüeú Valuó» 

TVicTDe rature W™*1 Cün4uctl 
rity 

•K •r 
cal elllivatte UiU 

et» iwC^K ft lir*R 

100 

150 

200 

250 

273 

300 

JJ” 

leo 

270 

360 

450 

491 

540 

630 

2.06 X 10'5 

3.a 

4.36 " 

5.44 - 

5-92 H 

6.43 - 

7.36 " 

.0662 

.134 

.IO3 

..zaB 

.247 

.269 

.30Ö 

4.90 * 10-3 

7.75 H s 

10.5 " 

13.2 M 

14.3 

15.5 

17.8 " 

wH/vjj/JKc i..«.ui-<û CfyjJw 
Rcvlued: '¿/■'Q.rQ 
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3.009 

TIKRMAL COKDOCnVm of SOLID AWX* 

(Fro« 2 to 25“K) 

Somxsea of Dot*» 

Dobbs, ï. R. and Jones, 0. 0. Repts. Progr. In Phys. 20, 

'M (1957) 
White, 0. K. snd Woods, S. B., Rature VJJj 851-2 (1956) 

Comonts l 

The theml conductivity of solid argon In the range 2*K 
to 7*K rises epproximately as the aquare of the temperetux« 
to a me.xLT*ua value of *»5 milliwatts/c«-*K at 7*K. kt 
temperatures above 7*K the themal conductivity decreases 
and between 15*K end 25*K say be expressed by 

k ^ watts/ca-*K 

The curve on the preceding page v&s reproduced as accurately 
as possible from the original curve* Only tlA following 
data vers given in tabular for«« 

Table of Selected Values 

'iemp* 

•K 

Thermal Conductivity 

mllllva* 'vs/cm -*K 

10 

15 

20 

¡?5 

• 35 

18 

15 

10 • 

nji/ich ïTîüïïÔT! V/;o/59 
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3.009 

TKERÎUL CONDUCTIVITY of LIQUID A.RGOH 

SíMircro of DiitRj Uhlir» A.» J» Ovpm. Phyn. ¿0» ^f)i-T2 (^9^, I 
-  Keyes, F. 0., Añ»« Tr«ne. JJ, 1395-6 (1955,; 

Andrudet E. N. du C, Naturo HO, 791* (l95?)l 
Zlebland, H. »vnd Burton, J. TTa., Drlt. J. 
Ai>pl. Pbyn. 9, 52-59 (1950). 

r. ■- 

r% S 
r\\* 

Cotments : Rrcsnt detrnnlrjRtlons on liquid argon lead to i\ value^ 
- of O.0 for the ratio of the thermal conductivity to the 

coefficient of vloconlty which lo In approximate agréè¬ 
rent with Andrade'e theory. The tabulated data are 
thooo of Zlebland and Burton; theae agree well vitn 
thoae obtained by moot other author#• 

The valueo plotted on the graph are for averaged 
prefloureo• 

Table of Selected Value« 

Preasure 

atm. 

Temj’. 

•k 

Thermal Cond. 

cnl/cm-oec-^K 

72.0 

95.5 

96.0 

IPO 

93.1» 
97.0 

105.9 
115.0 
126.2 
133.0 
130.3 
142.3 
140.9 
149.3 

II5.0 
11?.? 
129.1 
133.4 

93-3 
97.7 

107.6 
115.7 
133.7 
lio. 2 
142.3 

93.3 
97.6 

105.6 
107.5 
110.3 
125.7 
113.7 
136.1 
130.2 
U*.? 
142.7 

2.93 
2.00 
2.50 
2.30 
1.905 
I.765 
I.65O 
I.47O 
I.300 
l.CSO 

2.33 
2.25 
1.995 
1.005 

2.97 
2.84 
2.57 
2.36 
1.050 
I.72O 
I.56O 

3.04 
2.09 
2.69 
2.6} 
2.20 
2.11 
I.9I5 
1.035 
1.775 
1 
▲ e 1 wy 

1.055 

PreBBure 

atm. 

Temp. 

•k 

Thermal Cond. 

eal/cm-i,ec -*K 

12.0 

19.3 

24.0 

47.3 

47.9 

43.0 

93.6 
9Ö.O 

10Ó.1 

ni.i 
117.2 
125-7 

93.6 
93.O 

106.1 
116.1 
126.3 

105.5 
111.6 
122.6 
136.5 
139.2 

93.4 

97.9 
104.5 
106.2 
II5.9 
126.1 
I33.R 
130.6 
142*5 
147.5 
147.6 
149.2 
149.2 

2.01 
2.68 
2.44 

2.3I 
2.1? 
1.000 

2.84 
2.7I 
2.47 
2.16 
1.840 

2.52 
2.33 
1.995 
I.628 
1.405 

2.90 

2.75 
0 rH ¡ •• • 
2.f>2 
2.23 
I.925 
I.665 
1.540 
I.305 
1.220 
1.220 
1.196 

.365 

i'l JÏÜH V ñu< !• ib/j •» 
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3.OO9 

THERMAL CONDUCTIVITY of GASEOUJ AR'KH 

Source of Daitu 

Other Reference»: 

ZiêblÃnl, H. and Rurton, J. T. K., Brit. J. Appl* 
Phys., 2, 52-59 (195Ö). 

Keyen, F. 0.» Trans. /w.MK XLf ^-395-6 (1955)# 
Batcmun, J. 3., Proc. Conf. Thenwlytuualc and 
Tranatjort PropertiCB of Fluids, I69-OI (195^)» 

Commente: Keyes proposes the equation: 

105 h . , .ter. k It tte tterml 

conductivity ln cal/cn eec *K, T Is tha temperature in 
•K, and ■ l/T. 

Table of Selected V»i»ies 

ra7roTT~r i.iiut.d: 0/10/5^ 
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3.010 

twrmal ooroucnvm of solid meikaxs 

(15* to aie) 

Bourooff of Dot oi 

UíJa)-*0* A',,* ^ 8Ur» p*» 2; $03-12 

Cowun. rwwrlirvgh Otu»s Ub. Itoiv. L»ld«n, Cowan. Ho. 2650. 

CoiwBjrjtBf 

In the gr*?h below the dleortotloalty thet «enrs at the 

(^0•,'¾, u ,laiUi * ““founi fCT 

Frir/'/IT“ ÍmjTíimIT 
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TEMPERATURE,°R 
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3.010 

THEHMAL COMDÜCTIVITT of UQUID METBAB8 

Souro« of D»t*l 

Porovlk, Te., Matveyev, A. and Paolaa, Te., îfcur. Tekh. Tlf. 
10, 9ÕÜ-93 (19^0) 

Coaaante i 

ïïva i-tkors r=.lntilr-l a press’«^ ecsssy^t is rr~** of %b* 
vapor preeuure foi* obtelsins tVieraal conductivity of the 
liquid. Tiw valuoe vary rapidly with tesjperature but only 
elightly with yrracture. 

The aboolute tecpernture scale (0aC ■ 273.16¾) w** U"8<1 1° 
the table of expftriroor.tAl values be low. 

•k 

Tiansa.! CoaAuotivlty 

crl/cr,.poc-*K 

IO3.26 

112.36 

145.36 

172.06 

4.85 X 10*4 

4.64 - 

3.I 

2.5 " 

■■tt 

WT^VV InaurïïT iOfl/W 
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3.010 

THERMAL CONDUCTIVITY of GAKECAJ3 METHANE 

Source of 

Devis, D. 8., Ind. Eng. Cnen. 22» 675-8 (^1) 

Other Reference»I 

Vuehburn, E. W., InterrMlonnl Critical Tables of Bimierlcal DaU, 
Phvnlcn, Chomlotry «rui ’l'ccKnolot'y, Vol. V, McGraw-Hill Book Co., 

pp : 11575¾. 

Coriwntn t 

Tie oelect^d thermal conductivity values in tha table belov were 
taken from & nomograph based on the IntrrnatlofAl Critical Tibleg, 
The prca» ato vss not specified but prco¿¿d to ok one atAOopheni • 

Tempt Thennol Conductivity 

cftl/oec-cm-*K 

110.9 

1^^.3 

17C.1 

199.8 

P<7.6 

31 " 

1,1 « 

1,8 •• 

^3.? 

T’J-'U/jhC tu::ufd: 



't.OOO '*.000 

.SPECIFIC JC'IAT Qtul ENTHAI PY of CnYOGKNTC FLl/IOB 

COIftTNTS 

Convçrulon fsctom for Sjjecinc Heat and Enthalpy.t.OOO 

Gppcll’lc lient of Llqulu Helium (at saturation)...t.OOl 

fipeciflc Heet (Cy) of Hill cm.....t.001 

Specific Heat (Cp) of Helium... 

Specific Heat (CB) of Saturated Solid Hydrogen (nonaal, para, and 
vartouu mixtures of ortho and para)...4.002 

Specific Heat (Cs) of Liquid Pnra Hydrogen (at saturation)...4.002 

Specific Heat (Cy) of Liquid Normal Hydrogen....4,00C 

Specific Heat (Cv) of Normal Hydrogen Gcs....4.002 

Specific Heat (cp) of Non-sl Hydrogen Gas.. 

Enthalpy of Morral and Para Hydrogen Cas (at 1 and 100 atm.).4.002 

Enthalpy of Saturated Vapor and Conienned Phaiies of Normal and 
Para Hydrogen froa O’K to 15*K.... 

Specific Heat (Cy mid Cp) of Solid Leon.  .4.003 

Specific liant (Cy and Cp) of Satuntcd Liquid Neon...... ,,..,,,,aa .4.CC3 

Specific Heat (Cy and Cp) of Gaseous Neon (near ont atcosphare).,..,•.4aOC3 

Enthalpy of Gaseoua Neon........,.,..,,.. ,a,,,,, ........4.0D3 ' 

Specific Heat (Cp) of Solid Nitrogen. .....4.004 

Specific Hont (Cp) of Liquid Nitrogen (at saturation)...,..,,,.,,,,.4,004 

Specific Heat (Cv) of Ooeooua Nitrogen. .    4,004 

Specific Heat (Cp) of Oaneou«. Nitmeen,,,...4.004 

Specific Heat (Cp) of Ganeous Nitrogen (at r.er« preccure).......4.004 

Enthalpy of Gnseoun Nitrogen...4.004 

Specific Heat of Solid Oxygen (below 4*K)...4,005 

Specific Heat (C?) of Solid Oxygen.'.4,005 

Specific Heat (Cn) of Llauld Oxygen. 1. <W5 • .•••••••••••••** • vw / 

Sped He Heat (Cy) of Ganeoun Oxygen.....  4.005 

Specific Heat (cp) of Gn.'ieouo Oxygon.4.005 

Enthalpy of Gaseous Oxygen......4.005 

Specific Heat of Liquid Air (at natuiatlon)............4.006 

Specific Heat (cy) of Ganeoun Air.  4,006 

Specific Heat (Cp) of Ganeoua Air...  4.006 

Enthalpy of Liquid Air (at saturation)... 4 006 

(continued) 
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■m;**&Vm 

4.000 

BPECr/IC IÎKAT RRd ENTRALTY O* CRïOGJaïC rLUÏDfl 

CONTgftTO (continuad) 

Snt&alpy of Conpneiiaed Llsiuld Air.......4.006 

Snthalpy of Air (gaaeouo atnt«, antumted).4.006 

Snthnlpy of Gasoovyi Air (i to 15 ata.)......*.....4.006 

Specific Fftftt of Solid Cnrbon .... 

Bpacific Hont (Cp) of Liquid C»ri>on Monoxide...-...4.007 

Ejvciflo (Cy) of Oeeeoue Carton Monoxide (inotiema from 
-70* to 0"C)...k,0°? 

Gwieifle Bfiit (Cn) of Oaeeoue Cnrton Monoxide (looiÊ-ma fro» 
-70* to 0-0)..:^...^-007 
Epwcifie SèÉt (Cp) of Oaseoua Carton Monoxide (et **ro pre«eurc)......4.007 

Ereeific Esat (Cp) of Solid and Liquid Fluorina.‘»•OO® 

Specific (Cp) of Qm«oui Fluorine (et cue ntjfo-wi&crc)..4.000 

Cr-coific Etat (Cp end Cy) of Solid Ar&on..^009 

EpDcific Beat (Cp ea»d Cy) of Liquid Arson.^¢09 

Gpocific Kent (Cp) of Solid ..*.4.010 

Bi^oific K'iht of Solid nnd Liquid Methan*....4.01) 

Epsrciflc Heut (Cp) of Liquid Metiww (at eatureticc).4.<* ^ 

Epeeific Host (Cy) of Oanoou* ..  4,010 

Specific Hwr.t (Cp) of Oaaeoua ..   k.QM 

!^\tbilpy of Liquid Methaaa (tt eaturation).4.010 

Eiithalpy of Oaseoua Me thane (at aeturation)...4.010 

■ - - —- - 
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CCmPfllOW FACTORS for BPSCIFIC BEAT 

ctl joui»» «ntt aao MU 
en *K gn *K en *K ïb% 

. 5*1 
1 ea 'Ü * 1.000 4.1040 4.1Ö40 0.999346 

i V'ï • 0.S39006 1.000 1.000 0.030649 

. v-tt aco 
0.ß»5006 1.000 1.000 0.0366-49 

i * I.OOO654 4.IG074 4,16674 1.000 

00KV2ÍSI0* FACTOÎîS for KNmLPT 

1-
 

ü*»
1 

*» 
Ji»

-*
 

il^cuta 
en 

• VTtt M 
gm m 

Xb 

, fl’l 
1 -5: - 1.000 4.1C40 4.i£4o 1.796323 

1 • fc-3 0.035006 1.000 1.000 0.429929 

. v»U 1 *——•— ■ 
ty- 0.239006 l.OÛO 1-000 n U90000 • * • —^ ^ ✓ 

s 

l!5
 0.555919 2.32597 2.32597 1.000 

VJJ/JI!C Xaeuadi 10-7-5? 

- - - - - - ■ . . ^ -- - - 
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it.001 

srccinc heat of u«m) helium 

(At Saturation) 

Source of Data* 
Hill, R. W. end Lounojimaa, 0. V.# Phil. Me^. (8) 2, 143-^ (Feb. 1957) 

Qtfar Bffgrrncft» t 

Ulebas, C. 0., Hlale-Haklumfcerg,'c. 0. and Kraaora, H. C., Phyaloa 
2¿, 635-32 (1957) 
f-terkhxHn, A. H., Thsils eubalttcd for Degree of Doctor of Fhilieophy, 
Unlv. Wiacotwin (1958) 
Krawr*. H. J., V***iï*9, J. D. tutvd Oorter, C., Phjrcloa iB, Ro. 5# 
329-33 (1953) 
Keeecss, W. }!., Hr il a?, Einerior, Aaiterdan (19^2) 

Ccuranto » 

The absolute teK.perfrUu*o reale (0¾ ■ 273*l6*K • 491.*69*R) vaa used 
In th«* Table of Selected Value* below. 

i 

't ■ ’ 
r- 

>j 

rature Specific Eo&t (CB) Tfrrî ratura Specific He&t (Ca) 

*K •r 
Joe, los FUI isnw K •R Joule» 

ET** 

1.8 
1.85 
1.9 

2.0 
2.05 
2.10 

2.15 
2.1735 
2.2 

n 
2.6 
2.8 

3.24 
3.33 
3.^2 

3.60 
3.69 
3.78 

3.87 
3-91 
3.96 

4.14 
4.32 
4.60 
5.04 

2.81 
3.26 
3.79 

5.18 
6.16 
7.51 

9.35 
12.6 
3.90 

2.(^ 
2.30 
2.27 
2.J** 

0.672 
0.'H9 
0.906 

1.24 
1.47 
1.60 

2 **« 
3./. 
O.95I 

O.63I 
O.569 
0.542 
0.559 

3.0 
3.2 
3.4 

3.6 
3.8 
4.0 

4.2 
4.4 
4.6 

4.8 
5.0 
5.05 

5.40 
5.7Ó 
6.12 

6.48 
6,84 
7.2 

7.56 
7.92 
8.28 

0.64 
9.00 
9.09 

2.49 
2.69 
2.97 

3.26 
3.60 
3.99 

4.48 
5.11 
5.94 

7.53 
11.5 
13.5 

0.595 
0.64J 
O.71O 

0.779 
O.800 
0.953 

1.07 
1.22 
1.42 ; 

1.80 
2.75 
3.23 

Ja.m/uAI' Iu«.' ’ I; i/V*/'XJ 
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U.001 

SPfCTnC HKAT (C^) of 1WLIUM 

fk)orec of Pat* 

louraum*, 0. 0., Tlval« »ubmitted for the Degree of Doctor of 
Philosophy, Uhlverelty of Ocford 1950« 

Other Rffferrnces 

Itterheeh, A. Van, Dull. Inst. Intern. Froid, Annexe, 1955*2, 

99-106 (1955); 
»i3l, J. F., Trane. ASMB JÔ, Wo. 7, 1067-7¾ (Oct. 195¾)] 

Akin, S. V.,,Trone. ASME 2<?, 751-57 (Aug. 1950); 

Zeltnenov, J., Journnl of ftiye. (USSR) 1, Wo. 1, ¾3-52 (191^)] 

Zcljsanor, J., Journal of Fhys. (t^iffi) 0, Wo. 3» 129-3¾ (19¾¾)^ 
Keesoa, V.H., Wellum, Elaevier, Amolenlu« (15¾^) pp ¾y¾ 

Specific Heat at conetant volume, cal/gm-*K 
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u.ool 

r.nriFiO jífap (Cp) of hklum 

Source of Patiu 

tiOunnnniiA, O. 11., Ttwotí «unciltte<l ror the Ow«?e of lector of 
Phllooopy. »íiilvcrelty of Oxford 195Ö* 

Other heferencon: 

Itterbeck, A. Ven, Bull. Inst. Intern. Prold, Annexe, 1955-2# 
99*106 (1955)1 

hfeel, J. r., Troa». /6, Ho. 7, 10^7-7¾ (Oct. 195^)1 

Akin, fl. W., Trane. ASMS J?, 751-57 (Aur. 1950)j 

Velnvnov, J., Journal of Fhy*. (UM3H) Ho. 1, 1*3-52 (*9**0)l 

ZelmnoY, J., Journal of Fhye. (USSR) 8, Ho. 3, 129*13** (19****)» 
Keerom, W. H., Helium, Elaevler, AmetenUm (1942) 

Bpeclflc Heat at Conrtant Prer nure, cal/»íiú-*K 

Fi-M/oaI' li.r.ued7 f[ > 
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4.002 

r.TTniFIC HliAT (Cn) of SATURA1ÏD S0Î.ID IfYPROŒH 

(Non»»!, I^rft «nd VarltniB Mlxlarfs of Ortho und Para) 

Source a of ItatM 
Clus lus, K. and HiUer, K., Z. phyolk. Clufm. n4, 15Ö (1929) 

Kill, R. V»., J. Sel. Inutr. jO, 331 (19^3) 

Hill, R. W., Report of the intermtionnl Conference of low Temperature 
Physic» (Oxford) (1951) - 
Hill, R. W. and Rlckctson, B. W. A., Fhil. Mk«. C77 (195^) 

W7ndelB»ohn, X., Ruhe-tminn, H. and Simen, F., Z. phy»ik. Chem. B12, 

l?l (1931) 
DInvin, F., Z. Fhyaik. í¿, 3^7 (1923) 
Simon, F., KtoivdfflBsonn, K. and Ru»v*mann, M., NaturwinB. l8, 31* (1930) 

êlæon, F. and Wohl, Crgebn. exakt. Katurw. 2» (1930) 

Ccwnent» 1 ■ 
7*1* T*C» cVirtrt for vor loue concentration» of ortho-and pam-hydrogen 1» 
a CO./-AV001U wade up of daU from tlie variou» »ourceo Quoted above. It 
can be «een timt the saturation »pacific heat of tnevar 
».ions is eesent tally t)« enmo at Umpernturc,» above 12*K. below this 
température equilibrium hytJxoßen (0.21* ortho, 99.T9* 1^) ha» a 
fpe'-lfta which approoerma the temperatmu axis snymptotlca . as 
0*k 1# «oprcached. On the other h".r*i hyOLrogen having higher concentra- 
tion» of the ortho variety h*v« heat caï-ecltle» which start Incrcaalng 
nt temperatures from ^ to 6 1/26¾ »• the te^rature Is lowered. 

firrent work of Hiïl, RlekeUön, Simon, Wohl ond ot'ners has turned a 
rni^r anoe^lc^ »v.-Avior of the specific l:*»t wl*en Studien are çnrriad 
out bcX’ju ?*<■ ícense ox tha »hApo of the neat capacity curve in thl» 
rrMicm, the plienowenon hi« been called a lead'd» (M *nr«aly. • iR* * 
•l«iwo tlB*-temrcr»l.ure nr Iws^t.'ng curvet for (?) <-(>.>, (b) -and (c) 
44* paru hyrtro^n. C. rvr. (*) for W* hydrogen »hove tnet tU 
♦»jrwrni.ure rle** wry alcwly between 1.6 and 1.7^- Figure sherws that 
in t.lv* n-Urlibcrliood of thie Umj^rature the heat ' a^city rl»'»» nbn.«pt.ly 
frw- 0,3 cfiloriiis Wir gro/n *0 c**r 7.0 cal«>rieu pfir «r»w. CUM °* 
34* pure, curve (b) of fig. 1 show» that »xstveen 1-3 and 1.4 K th* 

.. «•'« r> -Ur*»« th«», nr nr this temnemture the 
hrut cartelty rlerro cbnjptly from 0.2 tc about 3*0 calorlrs per gram. 
Wh*M. 4'i* pair, hydrogen w&u studied <»t t^mjicratwro down to 1.15TC, no 
i,'jch ar.-vimly Could lr fcsaid. TM }»aks f.r.own in Fig. 2 are sketched in 
on t)« l»eat oepaclty ohart .at ter-rpri-«l■.«>-•« 15lev 2 X. 7110 question »« to 
wlvit hapjx^no to tit* lamt/ln nnonaly for . »wer conceitratlono of ortho 
hyilrogcn will not U hursri until ntudieu can ».k; C(vrrl»»d on below JTC, a»vl 
tiuice ctudlcn luive been pr<.Tmlne<l by Hill and Klckctsivn. 

r.otrr of t iwi above work has been :anrled out at saturation pressures and 
others at constant preotiure. Since any volume charge la símil, t>>eoe 
vuiu«.*u uiiould not differ materially. 
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FiKurr 1 F4?mt ? 

Tine Id Minute» 

Heating curve» for three hydrogen 
spec lis*».* (a) 26^, (b) j4i, (c) 
pera hydrogen. 

3 
& 

Tempe?ature i *K . 

The A-anomallea In BOlld 
hydrogen, (a) (h) 
para hydrogen. 

TABLK 1 

Specific Heat (Ca) of Solid Normal Hydrogen 
(The 3 ! 1 mixture ortho rind para hydrogen) 

Temo. 
•k 

• cs 
cal/mole 

C« 
cal/gn 

M7 

O.f/Q 

6.iX) 

6.6l 
b.96 
Ü.3I 

>,5 
.1*01* 
.1*74 

.441 

.447 

.514 

.22'>7 

.2004 

.2351 

.2170 

.21(18 

.2217 

.2-)50 

ivtt a ut Mr*nd<?l nnohn, Nuhcmann and Simon 
/,. j'hyo. Chc-m. bV;, 121 (1931) 
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TAHU 2 

Cprclfic Hfftt (CB) of 1:1 Mixture off^olld ortho nn»i pum Hydrogen 

Temp. *K C# cal/ «ole Cg cal/g« 

2.71* 
4.i»7 
6.22 
7.86 

9.O8 
9«72 
<J.W 

.41 
• 351 
.351 
•4jO 

.:*2i 

.085 

.620 

.2034 

.17^1 

.1741 

.2133 

.2^04 - 

.2902 

.ib?? 

Elected polnto frfjm oacfi aut»»oro reference in Tn ble 1« 

TABLK 3 

Gpecific Heat (C0) of 3*.l Mixture'of Solid ortho and para Hydrogen 

Temp. *,*. 

J » * • a. w- -- 

Cg eai/mole C* cal/grt 

.O.96 
11. n 
12.76 

13.35 
13.50 
13.96 

.752 

.888 
I.O6O 

1.270 ‘ 
I.370 

.3730 

.4405 

.5357 

.6300 

.6795 

Data of Simon and "• T.^alK ijj.» 2nl ilO5’' 

tabu: 4 

Specific Heat (re) of Solid Equilibrlua Hydrogen 
(0.21% ortho and 99.79^ para hydroK.cn) 

Teaç. *K Cs cal/mole Cg cal/gm 

3.04 
4.98 
5.11 
5.48 
5.68 
5.95 
7.^3 
*« ^ -a 
1 •?} 
7.9Ô 
8.07 
n.oo 
8.39 

8.57 
9-09 

. 9.15 
9.87 

.0521 

.0869 

.0730 

.0929 

.1025 

.128 

.252 
OrtO 

.302 

.328 

.312 

.352 

.»»05 

.435 

.6U 

.557 

.02584 

.04311 

.03621. 

.04608 

.05084 

.06349 

.1250 
1 oho 

.1498 

.1627 

.1548 

.1746 

.2009 

.2158 

.0535 

.2763 

Data from flJ« HP-lfi3? «"d »-ndel nnnhn, nutc^ir.i* and Simon, 7.. 
phyiilk. Chem. H1J>, IPI (193U; Clunlu» erwi Hil’cr, Z. phyaik. 

Chcm . fit, l*)fl ( 19?9)• 
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—V^’ 

SÆCITIC WAT (Cg) of UuVIU P*« 

(At Saturation) 

‘.» >TK)i 
./ 4" 

a.* » 
^ V . 

jnur 

QoirceB of flatat 
John»ton, «. L., Clarke, J. T., Rlfkln, E. B. and Kerr, E. C., J. A». 
Ch«m. Roc. 2?, 3V33 (1950) - 
Smith. A. L., Hnllett, H. C. and Johnaton, H. 1., J. A«. Che«. 80c. Jó, 
1M)6 (39‘» 

Other flffrrgnceai 
"~Dcruihoofer, K. F. and Harteck, P., Naturvta*. 1^, 1Ô2 (1929) 

Clunlua, K. and Hiller, K., Z. ph>Tilk. Chem. b4, I56 (1929) 

D»y«rf J., Prof:. Roy. ik>c. (London) AJ6, 325 (1905) 

Euckcn, A., Verbandl. deut. phyalk. Gea. l8, ^-17 (191Ó) 

Kecnom, W. H., Conn. Phy«. lab. Univ. leiden 13T« (l9U) 

8icon, F. and l/miçe, R.» Z. Phyaik. 1¿, 312 (1923) 

Cewvrnt* : 
RHlaenberg, Z. Physik. ¿3, *»11 (l9rv)s Hund, Z. Pliyeik. iv.» (1927)j 
and Dem»ison. Proa. Roy. Soc. (London) A115_, (1927) Fr^dloted the 
exlatcnoe of two fom*9 of ooL*cul‘%r hydre,..» on the benis of quvttum 
Uteory. Bhcrtlv t J vs rc after cethods vere developed for catalysing the 
convert ion. 8 ace then iwat cepe^ity caiaeuraaent* iuve t«*n ct^rricd out 
on known conoe ret loa» of the two varie tie*. Prioi* to 1Ç29 nil work 
WteB bc.oed on norroal hydrogen (75^ ortho and prfrú). Cuta for the 
curves were derived under ccnditiono of itturation vapor jtobsutc (Cg). 

li>ata of Jolina ton, Clarke 
Rifkin and Kerr. 

J. Am. Cliom. Soc. 22» 
1933 (1950). 

Data of Smith, Kallett 
and Johnston. 

J. Am. Clwm. Soc. 7^, 
1406 (1954). 

Temp. 

•k 

cfl 
cnl 

■nie V. 

cB 
del 

1 ..!> 
15.30 
16.05 
i6.r>6 
17.03 
17.31 
17.9Û 
1M.S7 
1Ö.Ü9 
13.99 

5.r¿ 
3.64 
3.67 
3.66 
3. Öl 
3.65 
4.03 
4.10 
4. ?4 
4.32 

1.(40 
1.766 
1.0¾) 
1.0(.5 
I.R90 
I.9IO 
1.5 

2.IO3 
?.l43 

Temp. 

•k 

ce 
col 

c. 
cal 

mole *K (pi ‘‘K 

« em —.A lilttOI 
.10.45 
PP.71 
25.00 
20.04 
28.20 
30.10 
31.49 

1. an •* e XV/ 
4.71 
5-33 
6.03 
6.40 
7.85 
9.04 

14.56 

fVP4» 4- • V 1 J 
2.336 
2.644 
2.991 
3.214 
3.¾4 
4.931 
7.222 

rifwl/VJJ leaned : 7-T4-59 

__ ,. .. .. ^ ^ 
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4.002 

SPECIFIC HEAT (Cv) of LIQUID HORH'-i FflfUXÄH 

¡\'j .¿¿'‘.¡fit* :'.' 

-‘Wr,»**. > , y iu i‘ 

V. -< ' 

M 

v'V.- ’>, '. " i 

i > >' 

•*•; ' V • • ‘ •T. ' 
V•/ - 

¿‘V 
i . ‘ 

■ •- • •• 

N 

■*■*,. (») si» 3W ». ») ; 

. •■< .-. ,t< >. ,r^ »•* *- *« Wv' *»** ’Wr’••,,■ ' ^ 

V'\'.'. **-n< > u ^ i / Z'»* * •• *?.' ,-. : ' ’ 
*' rwi'f -4., »'•it*, t*» *•. ,• %* *•..***»>» 

., ;, - ^ , 
. i» 

i 

«**} 
Cowartat*;,*-/ 

.¾ : .. ^ 

—.. .. . . * ... .*• • * j * , w * , ,-tftf XT " * , 
L*nck«o i- ?'* - . • * '*»9 *■*»»♦».•<• «»*! » • if 

ct4 frt»i th* iÿlc v> . *»* '• „■ > *•'. ' r -• ^ 
dAU feira a «ood convlB'^J curvtt. Elv;*- :•-• c#*a.*. t ¿ i r? 
It 1» »4 ^.-54 that all th« vork rtf ere to tuvm- . ' v ^-î 
though the vork of Bartholome and Eueken va» pui.úi#:t#¿ " * : ' ', • 
Aleoovary of the ortho enl para foime. Future etudlee 61M>.,»» Stê '.; 
iiito accci«»w Um *j<ieUince of these varletlee. 

•"Stf • .• 

* V 
. V ... ./ 

Table of Selected Value« 

Ter?. 

•K 

19.50 

20.00 

20.50 

21.09 

21.46 

*\r% n £ 
r e- • 4.W 

Crl 
RFie^ 

2.89 

2.92 

2.98 

2.93 

2.94 

2‘i.lJ 

* A/> 

Cv 

Cel 
QviJi-rK 

2.99 

I.434 

1.44Ö 

I.47O 

1.453 

I.458 

1 I.AA a • • «^ w 

1.403 

fe'j/vJ? iBoued: 
< 

--- ■ . MÉMÉeMi 
• , — tf V a i _* • * " .* tf- ,- a". •*. • .*•"•** m m • - ». • • « 

-- --- - - - . 
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TEMPERATURE , *R 
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f.PBCinC HEAT (Cy ) of NORMAL HYDROGEN QAfl 

Source» of Datai 
Kucken, A., Sltiber. k«l. prau»«* Akad. Wiaa. lUl (19X2) 

Rllnenmth, J., et ftl., Net. Bur. Gtundwds Clr. 2Ö2 (1951») 

Schxol, K. ftttl Heuee, A., Ann. Phyalk. (4) 40, 4?3 (1913) 

VortaAn, K. J., Phye. Rav. (2) ¿1, 1345 (1931) 

Cevara» nt» j 

Tta curvei have been con«trueted ualnft the data as lleteA In 
NI« ClrcuJar 564, bnned on the above reference». No «ore recent 
data have been located, future étudiés should take into account 
the existence of the ortho and para fores of hydrogen. 

Specific Rect, Cp 
Specific Rest, Cv » --£- 

' Table of Selected Values 

0 Atm. 1 Atm. 

Tccp. 

•k 
k 

°P 
Cftl 

Cv 
cal sr*s k 

Cp 
cat 

Cv 
cnl 

sm 

20 
30 
40 
50 

60 
70 
60 

100 

120 
1»>0 
).60 
ISO 

i!00 
2lX) 
2)<0 
2Ó0 

?7C' 
P60 
300 

1.607 
1.667 
1,666 
1.664 

1.658 
1.64b 
1.620 
1.5Û3 

) .539 
1.502 
I.474 
1.4:,4 

1.439 
1.427 
1.4X9 
1.413 

1.410 
l.ltOB 

2.4643 
2.464} 
2.4653 
2,4692 

2.4830 
2.5106 
2.5540 
2.6752 

2.8162 
2.9502 
3.O636 
3.I58-’ 

3.233I 
3.2923 
303^6 
3.375I 

3.3889 
3.4007 
3.4194 

1.478 
1.470 
1.480 
1.484 

I.498 
1.525 
I.569 
I.69O 

I.O3O 
I.964 
2.078 
2.172 

2.2)(8 
2.307 
2.353 
2.389 

2.1(03 
2.)15 
2.434 

1.736 
1.700 
1.634 

I.672 
1.655 
1.634 
I.587 

1.541 
I.503 
1.475 
1.455 

I.»’ y) 
1.42Û 
) .419 
1.413 

1.410 
1.4o0 
1.405 

2.590-'* 
2.5274 
2.5067 

2.5076 
2.5283 
2.567) 
2.6831 

2.8211 
2.9532 
3.06(5 
3.16<*2 

3.235I 
3.í*93J 
3-3396 
3.376I 

3*3899 
3.)(-)17 
3.4,!o4 

1.492 
1.48? 
1. )(89 

1.500 
1.528 
I.57I 
I.69Î 

1.831 
I.965 
2.079 
2.172 

2.2)(8 
2.306 
2.353 
2.389 

2. )(04 
2.416 
2.4j4 

(continued on next pate) 
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UPtiCIFJC HEAT (Cy) of NORMAL HYDROGEN 0A3 

(Continued) 

7«* i . 

Tnble Of üclccted VhXuea 

10 Atm. 100 Atm. 

2.1*97 

2.2:.6 
2.066 
1.945 
1.81*1* 

l.?oi* 
1.613 
1.5^9 

I.507 
i.479 
1.459 
1.41*2 

1.431 
1.4?7 
1.4?3 
1.417 

Cp 

cal 

3.9OO5 

3.7319 
3.513I 
3.3179 
3.2479 

3.1957 
3.2174 
3 .27O5 

3.3237 
3.3642 
3.401*6 
3.4362 

3.4539 
3.45913 
3.46s/) 
3.4756 

Cy 

eal 
gñT’IC 

1.56?. 

I.654 
I.7OO 
1.706 
I.76I 

1.875 
1.995 
2.II7 

2.209 
2.275 
2.334 
2.3Û3 

2.414 
2.425 
2.436 
2.453 

KFíaTvjJ lonued: IP/ - 59 
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4.002 • 

ENTHALPY of NORMAL and PARA HYDROGEN 0>a 

Sourrca of ft«; Hll.-nr.«, J;, ot «I., »ct. to. 3t»n|Urd. CI». 
— ■.... —-*,7X” 27Q (1951))s Woolley, H. W., .»cott, R. "• •“'r . 

IritoM., B. o. «BS Reaearoh Pop.» BP 1932 09W). 

ComnKnt»: Entnalpy of normal hydrogen van obtained frcrs Circular 
— --* C*^ for t,0t,h 1 and 100 fttraonpherw« for tempo rature a at 

ÍjO*K and abovo. Entl^lpy of para Hydrogen vma cal¬ 
culated from data on pu«* 307 of RP 1932 for one 
e*re pressure. Enthalpy of para hydrogen at 100 
atoo« pores’ pro enure we* calculate«! oy assvminr, tliat tne 
difference in enthalpy of para hydrogen between one and 
ICO atmoepheree wao the aume ao tho difference In the 
cane of normal hydrogen. 

No data were found In the literature for the enthalpy 
of hydrogen gae at preneuree above one atmoophere for 
temperature* below 60*K. For value* in this region a 
tccn^rature-entropy chart, Flg'iroD 31 ^ 32, fr— .-- 
1932 hn.o been reproduced and included with thi# data 
sheet. 

Normal Hydrogen Para Hydrogel \ 

Temp. 
•k 

1 Atm. 100 Atm. 1 Atm. 100 Atm. Heat of 
Convere. 

_J!s— 
C-.1 
rüõlê 

cal 
K-n 

cal 
gm 

cal 1 
Sole 

C«i,l 
gm 

cal 
ft/» 

10 
?0 

4o 

Cß 
70 
do 
90 

100 

120 
190 
iOO 
290 
3OO 

Data from OP 1932 

303.669* 
393.31*** 
403.022 
492.709 
502.4?<j 

I50.6S7 
I75.27O 
199.912 
224.556 
249.219 

49.676* 
99.357 

149.036 
196.729 
240.501 

24.642* 
49.204 
73.927 

. 96.576 
123-304 

125.9Ö5 
125.965 
125.965 
125.9O0 
125.915 

990.9^> 
601.22d 
692.929 
704.799 
79Ö.212 

669.I65 
1045.799 
1301.61? 
1694.033 
2036.719 

Dita from 
2/3.079 
296.226 
3?3.673 
349.OO2 
376.097 

431.133 
510.7^9 
670.402 
R4o.5>>0 

1010.275 

Circular 564 RP 1932 
210.5( A 
246.631 
204.79? 
310.799 
351.621 

415.974 
512.340 
677.933 
046.906 

1021.964 

297.310 
340.6?0 
49Ó.I5O 
403.523 
52ÍJ.13? 

663.306 
090,413 

1202.700 
16(0.65O 
2023-435 

147.470 
173.526 
200.044 
229.922 
260.976 

329.021 
441.673 
636.210 
023.735 

1OO3/>O0 

04.903 
123.920 
161.963 « e e 
i.')? 
236.503 

313.662 
435.264 
630.791 
03I.65I 

1014.997 

125//01 
124.702 
122.829 m m 0/\ i.x. y eWV^r 
II5.II9 

102.112 

39.142 
16.055 
6.507 

* w*tur*t9<J ‘.'»A* 

hWi’/V-M f.:;T.Trd: 7-21-1-9 







U. 002 

ENTHALPY of SATURATED VAPOR and CONDENSED PHASES 
Of NORMAL and PARA HYDROGEN FROM 0*K to 15*K 

Reference*! Simon, 7,. Phyelk 1¿, 307 (1923)} Simon and Lanp.e, Z. Fliynl* 
1¿, 3IP (l923)l Cluaiur and Hiller, Z. phyalk. Chem. (B) U, 

15Ö (1929)} Mrndelesohn, frihemann ñn'. Simon, Z. pRysllc. Chem. fBl fS, 
IPI (1931)} Eucken, Verb. deut. p>>y8-. Cie». Ifl, U (I916); Bartholom?*' 
and Euckcn, Z. Elektrochem. U?, j'n'J (I936); Woolley, Scott and 
Brickwedde, RP1932, ‘♦l Hill and Rlcketaon, PhU. Mu. 
277 (1951*). 

Dlscuaalon! Simon calculate! the heat of sublimation of normal solid 
hydroRcn at 0*K and rero pressure to be IO3.U cal/mole. 

Under these conditions the entropy of the gas la infinite. îÿ arbi¬ 
trarily fixing the entlalpy of para hydrogen gas at this point to 
be 0 and anaumlng the heat of sublimation of para hydrogen at 0*K to 
be tho some as for normal hydrogen, the entlwxlpy of aol* p-.a hjolrogen 
at 0*K, xcro preoaure is -183.1* cal/mole. Ry grepMcally Integrating 
the saturation opeelfi- heat (Ç6) cur,'« for para hydrogen from 0 to 
l4*K, ao plotted by Mendelosohn, Fuhenann and Simon, 5*55 cal/mole are 
obtained for the gain In enthalpy. (Graphical Integrr.ticn cf the 
corresponding saturation specific heat curve for normal hydrogen Ind* 
lentos an enthalpy gain of approximately 8 cal/sole, aa close as can 
be ascertained In view of tho X ono.^-ly). The heat of funlon of both 
forms of hydrogen Is P8.0 cal/mole. The saturation specific heat for 
both para and normal liquid hydrogen between 14 and 15*K Is 1.27 
cal/mole. The heat of vaporization of 15*K can bo obtained from the 
equation! 

hl - 219.7 - 0.27 (I -16.6)2 

of Simon and lAnge from which 1¾ ■ 219.0 cal/mole with an error of 
i 1,1 cal/mole. The heat of conversion of para to nonwil hydrogen 
ot 15*K lo 254.O cal/cole as shewn ln RFI932 of Woolley, Scott and 
Brickwedde. 

On the bnulo of the enthalpy values discussed above, numerical valuej 
can bo aoolgned for various temperatures and conditions as *hown In 
the following tabulation! 

Température} Phane 
Pura Norml 

OI/mole Cal/gm Cal/mole Cal/gm 

0* K; Oae; S* ob 

0* K; Solids S-O 
14* K; üat. Solid 

0 

-183.4 

-177.85 

0 

-91.0 
-88.2 

251.6 

68.2 

76.15t*-0.3 

124.8 

l).0 

37.81-0.2 

51.71-0.2 

52.31*0.2 

160.91*0.6 

14* K; Sat. Liquid 

15* K} Sat. Liquid 

15* K; fiat. Vapor 

-149.85 

-11*8.58 

70.42t - 1.1 

-74.3 

-73.7 

34.9t -n,«-. 

104.15t—0.3 

105.421-0.3 
3;* l» 

The value of lfO.9 enl/gm agrees very ¿i'll with that r*:nG r i tJ»0 
trmprrfiturc ont-opy dbii'ran ^,1 von on pa^.e U70 of KFI93Í?« 

FEE7VU—TütûTeJ; 
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^.003 

aítCTTIC WtAT of SOLID BËC» 

Source« of Pet»: ClualUA, K., Z. phyalk. Che«. SJ*# 1-13 
(1925); Cluelu», K., Z. phyaik. Che«. 
531, 459-74 (X936). 

Comnent t The value of the meltir« point «Ivan in 
Z, phyaik. Che» »4 vaa 24.59*K •usd that 
given in Z. phyaik. Che«. E¿1 vaa 24.55TÇ. 

Table of Selected Vnluea 

Te«ip. 

•k 

11.24 
12.3 
13.07 
13’X 

14.7 
15.2O 
35.64 
16.6 

18.4 
18.5 
18.8 
19.77 

20.0 
2O.9 
21.15 
21.25 

22.1 
22.57 
¿¿•7 
¿2.8 

23.5 
23.65 

c*.l 
■¿rezr^z 

“err 
«a 

1.842 
2.07 
¿082 
2.32 

2.78 
3.0¾ 
3.154 
3.35 

3.9I0 
3.83 
3.97 
4.280 

4.5O 
4.59 
4.(:½ 
4.035 

5.03 
5.235 
5.«^ 
5.41 

0.09127 
0.103 
0.3iCó 
0.115 

cal 
râïïrr 

,,- —¡i 11 i n 

1.209 
2.03 
2.317 
2.26 

0.138 
0.l4?r 
O.I563 
0.166 

0.1937 
0.I90 
0.197 
0.21¾ 

0.227 
0.27T 
O.23O9 

0.2396 

o.¿'9 
0.259i 

5.81 
5.825 

eat /% 
Wa«.v»e. 

2.68 
2.901 
3.OI9 
3.19 

3.665 
3.60 

3.9O5 

4.261 

cal 

0.05963 
0.101 
o.n4a 
0.112 

0.133 
0.1437 
0.1496 
0.158 

0.18½ 
0.173 

O.1965 

0.2111 

0.268 

0.288 
o.:006 

Kl/r'/HOT luuuedl 5/25/59 
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■. -r. 

SrCCI/IC BBAT Of ÍUTUHATKD LIQUID KKO 

Sourcfu of Dataj Clualu*, X.r Z. phyallt. Che». b4, 1-13 
(1929)1 CIubIu», K., 7,. phyalk. Che«. 
b)l, 459-7*» (1936). 

Table of Selected Values 

Kirf/ÜVC Vimuiids 

\ '•* V*' ** ■*." >-• » - * « 
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W • 
• •/ 
5 . ■ 
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U.003 

srecinc HEAT of GASEOUS} NEON 

Source of Dula: Kcetioin, W. H. and van Uumeren, J. A., 
itiyoica 1, HÓ1-70 (19^). 

ConmrntH} Holfcorn, L. luid Otto, J., Z. Phyhlk Jt¿, 1-12 (1929) 
fflve « value of Cp /cv el 0*C and 1 atm of 1.66. 
MicSvlo. A. nnd Ciboon, R. 0.# Ann. il-iynlk (4), 8^, 
890-76 (1928) give a value of Cp /Cv el 0*C and 1( atm 
of 1.69. Raßisay, W,, Proc. Roy. Boo. (London) 86, 
100 (I912) çivc* & value of Cp /Cv at. 19*0 and ratm 
of 1.64. 

Titble of Selected Values 

.■k 

KPrTidrr' It.r .ird:" 





Sourcen of Data: 

U.003 

ENTHALPY of GASEOUS NEON 

Yervlall, E. F., Proceedings of the 19^8 
Cryogenic Eng. Conf.i *»7-ó4 (1959)» 

Commento: The values presented by Yendnll were cnlculnted from 
““ ti»e IVT obnervntlans made ut Leiden University and 

at the Phyolkallach-Technioche ReIchnnnstall. 

Enthalpy of Onneous Neon, cal/gm 

Terap. PrcHBure, atm. 

•k 1 10 100 POO 

30 
35 

40 
45 
50 

55 
Ó0 
^5 

70 
75 
30 

05 
90 
95 

100 
105 
no 

115 
1 >0 
1¾ 

IjO 
135 
140 

145 
r o 
i ' i 

PiO 
lf*5 
170 

2OO.56 
P01.94 

203.26 
204.55 
205.61 

2i.rj.ori 
pas. 31 
209.56 

210.60 
212.04 
213.27 

214.52 
215.75 
216.9*9 

218.22 
219.44 
220.66 

221.91 
221.1'. 
224.38 

225.61 
226.64 
22/I.O7 

221. JO 
230.53 
211.7/ 

233.00 
214.-} 
2)5.46 

200.68 
202.66 
204.36 

205.92 
2O/.3O 
20O.75 

210.11 
211.44 
212./5 

214.04 
215.33 
216.60 

217.68 
219.15 
220.40 

22) .(/> 

222.91 
224.17 

225.41 
T'.'tj.fiJ 
2:7.92 

229.16 
230.41 
21) 2.4 

232.88 
214.11 
235.16 

198.27 

I98.OO 
198.88 
201.0-/ 

203.46 
205.76 
2OJ.65 

209.77 
211.57 
213.28 

214.93 
216.5? 
218.06 

219.56 
221.03 
222.48 

223.99 
225.11 
226.70 

828.0/ 
221.44 
:-)0.79 

212.13 
233.47 
214 .»JO 

200.93 
203.57 

206.23 
20.8.55 
210.68 

212.68 
214.56 
216.37 

218.10 
219.77 
221.40 

221.CO 
224.55 
220.07 

27/.V. 
2^1.04 
239.5O 

2)1.94 
2 } 1. )-. 
2)4.// 





i« .r*'¿ 

SWtCIHC HtAT (Cp) of SOLID HIWOGWI 

SourcoB of 

Couwrnlo t 

Clualu«, K., S. pLyolk O^w. BJ, 41-79 (W)» 
Glaaquff, W. T. wkI Cluyton, J. 0., J. A». Chem. 
S,«. S5. WlS-ty ( 193.1 J? Inurnatlonal Crl-ical 
'rable.f 1930); Kcer.on, W. H. and Onnee, 
Con»t. Phyj. Inb. UnLv. U-ldön, Com. ..o. - 9* (191^) 

•nw data fron. Un- above reference o are not ir. rrPTl-tr 
6írr«-*'mrnt. The rjuph or U* prcvloun po«c i. *n avrra«a 
of al) i-be data tabulated below. 

v:í»r7»l»r"~ Ir.:;uV<lT ^rr,1' * 
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I» .004 

srecinc HRAT (Cp) of Liquid Hitroçen 

(dt oaturation) 

fto\irces of Dcvta: Clunluo, K., 7.. phyolk Qvm. Abt. 41-79 
(1979); Gittuqur, U. R. and Clayton. J. 0.» 
J. Am. Chcm. r.oc. 4075,-09 (1933): 
Keccum, W. 11. nnd Ouncr, H. K.. Conn. Phys. 
Lab. Univ. I/*i<lrn, Ctffim. No. l^ÿa (I916); 
Wiebe?, R. and Brevoort, M. J., J. Am. Chro. 
5oe. 22, 6P2-33 (1930). 

Connrntn: Th« abov»s refereneefl ore not In complete agreement 
an cun bo ocen by tlie tab 1c below. The graph on 
the previous page 1b un average of all the tabu¬ 
lated data. 

Table of Selected V&Iuob 

Temp. 

•k 

— 

CP 

cal/gm-mole -"K 

... 

Temp. 

*K 

CP 

cal/gm-nolc -*K 

Ó3.9!» 
6ri .02 
66.9 

60.4 
60.4) 
69.15 

70.2 
70. 
71.0 

70.69 
73.5 
74.57 

75.46 
1 70.5« 
S 77.74 

13.34 
13.33 
13.54 

13.64 
13^45 
13.40 

13.03 
13.4*; 
13.66 

13.56 
13.69 
13.59 

13.74 
13.W) 
13.a 

79.17 
¿2.64 
Ö9.50 

95.39 
95.46 
99.55 

103.31 
103.72 
107.72 

107.40 
111.57 
112.97 

1 115.25 
j 116.99 

13.76 
13.95 
14.16 

• - z ^ 
14.50 
14.71 
15.04 

15.63 
15.56 
15.99 

16.10 
17.30 
17.60 

18.27 
10.72 

--:- . .. 
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l*.0ü4 

• OPKCIFTC HEAT (Cy) of OASF.OUB NTTHOGOI 

< 

So^rpg of Puta! ^ V/t 
Limbeck, P.. J., Michel«, A., and Volkere, 0. J., Appl. Bel. 
Research A¿, 197-210 (1952). 

Jotamente 

The ptafct of the cur/efl »re only cstlmateo »luce the original 
data are tnnufflclent at these pointa. oawi are im.ui * *v*v..* - . ,e*w- 
The tenperaturo convcrolon uned for the &mVh vno 0»C - .373.15 K. 

Tnble of Salected Vnluea 

Presaur« 

eta 

0 
10 
30 
50 

100 
200 
300 
400 

600 
ftoo 

1000 
1500 

Specific Beat (Cv) , cal/cn-raoWK 

-125*0 

4.967 
5.051? 
5.255 
5.45 

5.135 
5.095 
5.17 
5.27- 

1500 
2000 
2500 
JOOO 

5.465 
5.60 
5.71 
5*795 

5.90 
6.03 
6.13 
6.2? 

-100*C 

4.968 
5.O3 
5.166 
5.305 

5.?1 
6.425 
5.455 
5.54 

5.71 
5.06 
6.93 
6.075 

6.195 
6.345 
6.465 
0.505 

-75 *C 

4.960 
5.02 
5.125 
5.225 

5.4?5 
5.50 
5.64 
5.7O 

5.87 
6.03 
6.17 
6.?9 

6.435 
6.6? 
6.76- 
6.ÖY5 

•50*0 

4.9¾ 
5.01 
5.09 
5.IT 

5.34 
5.53 
5-65 
5.74 

5.91 
6.06 
6.20 
6.33 

6.50 
6.71 
6.875 
Y.ui 

.25*0 

4.969 
5.OO 
5.065 
5.I25 

5.265 
5.44 
5.565 
5.665 

5.34 
5.99 
6.125 
6.245 

O’C 

4.970 
4.995 
5.045 
5.O95 

5.20 
5.35 
5.‘*6 
5.56 

6.4o 
6.62 
6.79 
6.93 

5.735 
5.0Ö 
6.00 
6.11 

;.?5 
Í.44 

0. 
6. 
6.60 
6.735 

t—, 

Kirr/bW Fãimrdi õ/??/59 
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VÍ • *— 

SPKCiriC HKAT (Cp) of CAiiEüX HITBOOEII 

Snnroí* of Dnla ; 

Lunbock, R. J., Mlchrln, A., and Wolken», 0. J.) Appl. 
3tíl. í<eoearch A¿, 197*210 ( 191^2) • 

Commcnt.n : 

1740 peuko of the cui'ven arc oaly catlmnteo alnce the original 
dut» are Innufflcient at thonc pointa. 

Hi« temAM»raturf conversion uoed for the graph vas 0*C « ?73*15 K. 

Table of Selected Value# 

Prenuure 

Atsto 

0 
1 
3 

9 
10 
30 

50 
100 
i?oo 

jOO 
)¡oo 
¿00 

floo 
.10^)0 
iPOO 

IbOO 
^-00 
f*500 

}OfX; 

Specific Hrat Cp , cai/> mole*K 

6.95'» 
7.018 
7.171 

7.3^ 
7.72 

10.30 

16.5? 
17.66 
IP.jO 

11.03 
10.'15 
9.92 

9.66 
9.51 
9.1)0 

•). jO 
9.23 
0.90 

9.PÓ 

■ 100*0 

6.951» 
6.989 
7.103 

7.S04 
7.»*65 
8.70 

IO. pp 
14.73 
IP. 74 

11.4*. 
10.83 
10. PI 

9.96 
9.83 
9.75 

9.68 
9.6? 
n.i/) 

9.65 

-75*0 

6.951» 
6.983 
7.OOO 

7.133 
7.31O 
Ö.09 

8.9O 
11.11 
IP.05 

IO.69 
io. P9 

10.03 
9,94 
5.90 

9.87 
9.87 
9.89 

9.93 

50*C -P9*c 

6.955 
6.977 
7.030 

7.085 
7.213 
7.73 

8.P0 
9.60 

10.93 

10.85 
10.60 
10. lu 

9.93 
9.82 
9.80 

‘•.83 
9.9I 
0.98 

10.09 

6.955 
6.975 
7.OI5 

7.O57 
7.153 
753 

7.91 
8.32 
9.96 

10. PO 
10.12 
9.9O 

9.76 
9.67 
9.03 

9.61 
9.7O 
9.80 

9.89 

0*C 

5. Qr>h 

6.971 
7.001 

7.034 
7.107 
7.39 

7.69 
3.37 
9.?7 

9.6O 
9.68 
9-59 

9.49 
92)3 
9.41 

9.40 
9.44 
9.50 

9.5 r.<> 

ruí/íul i £9uiu I 6-18—59 
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U.004 

SPECIFIC HEAT (Cp) cf CA3E0US HITWCBr 

nt 7mto PpoBíur» 

Source of Data} 
Oort, j. A. «id Or»tch# 8., Trail*. ASME J2* 7^1-9 (1950/ 

CoirmentBt 
The data given belov ere the mont hccurate 
at v.ero preauure avallahle. 

Taluea of 

Table of Selected Value# 

Tcrnpc rature 
Specific Kcat 

at Zero Preaeure 

cal/pm-mcile *K 

Temp erature Spécifié Heat 
at Zero Preoaure 

cal/RB-molje *K 
*K •r •k 

100 
10‘j 
110 
115 

ISO 
125 
130 
140 

150 
160 
170 
160 

190 
?00 
210 

1 7Z\j 

55.56 
50.31* 
61.11 
63.89 

66.67 
69.^5 
72.?2 
77.70 

83.33 
68.69 

100.00 

105.56 
111.11 
116.67 • s» j i.r:c#cc 

6.95O 91 
6.950 9-7 
6.950 93 
6.950 95 

6.950 96 
6.950 97 
6.950 59 
6.951 03 

6.951 06 
6.951 10 
6.951 l1* 
6.951 10 

6.951 22 
6.951 26 
6.951 31 C rtd tc 

23O 
2^*0 
060 
060 

3rO 
320 
340 
3ÓO 

380 

400 
440 

460 
480 
500 
Kf.rt 

LUL 

177.78 
I}?-?} 
144.44 
155.56 

166.67 
rr?.?? 
16O.89 
fOO.OO 

211.11 
222.02 

255.56 
266.67 
th.ts 
^r»r; %£ j * 

6.951 39 
6.951 
6.951 52 
6.951 61 

6.951 70 
6.951 7? 
6.951 88 
6.951 99 

6.952 n 
6.952 27 
6.95? 
6.952 73 

6.953 10 
6.953 59 
6.95'' 25 
ó.O'jó OS 

— 

I 
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KNTUALTT of QASF.OUB WI7R0GF.N 

Rourc* of Dntaj Luncíck/H. J., Michels, A.» ^ 
Wolkorn, 0* J», Abpl. wd. Reoearch 

iyí-sio (1952) 

Conrento t The baslo for the enth»ilpy valuta Riven 
below lo H • 0 at 1 atm and 0*C. Tùa 
temperature conversion used vao 0 C ■ 
273.15*1C. 

Table of Selected Value* 

Pleasure 

at». 

0 
1 
3 

5 
10 
30 

50 
100 
200 

300 
400 
600 

Ooo 
1000 
1200 

¿nthalpy, cnl/fín mole 

-125-C LCC*C 

Û67.5 
^73.6 
635-5 

• 89O< 2 
• 929.3 
-1070.2 

•1250.6 
:1604.1 
.1W36.0 

•1600.0 
•1647.5 
■1557.2 

•1453.2 
.1343.1 
-1230. 

693.6 
69Ü.4 
707.Õ 

717.4 
740.9 
339.3 

■ 937.5 
•1101.7 
•1372.1 

-75 *c -50 *c 

519.8 
523.5 
530.9 

538.3 
556.0 
629.9 

-1396.0 
.1379.5 
.1304,4 

.I207.I 
•1100.8 
■ 990.2 

I5OO 
2000 
25OO 

3OOO 

-IO57.9 
- 769.2 
- 401.0 

- 195-3 

- cj 
020.4 
533.8 
246.7 

+ 39.7 

. 701.8 

. 664.9 

.106O.7 

-1111.2 

II09.I 
-1040.6 

957-9 
654.0 
746.0 

-345.9 
-343.7 
-354.5 

.360.2 
-374.6 
-431.2 

.486.5 
-609.I 
-772.1 

-Bj2.0 
-039-2 
-79O.O 

-704.7 
-604.5 
-497.1 

-25 *C 

.172.0 

.174.4 
-I79.I 

.103.8 
•195.3 
.240.0 

o*c 

1.0 
0.0 
3.8 

7.5 
16.0 

- 52.9 

•203.0 
-370.2 
■510.5 

•568.7 
•579.7 
.536.8 

■455.2 
-357.2 
.250.6 

577-5 
291.5 

4.4 

♦ 201.'» 

-329.2 
- 4?.3 
+246.0 

532.9 

- 02.8 
♦20S.2 
495.4 

784.6 

- 86.9 
-164.7 
-272.3 

-323.I 
-334.7 
-236.O 

-217.7 
-121.6 
- I6.2 

♦151.0 
440.3 
733-2 

1025.8 

Kyr/iiOT YîiSüwïï 7/9/^ 
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Sovirceof 

Corran* a i 

SPbCIFIC WAT of SOLID OXYGEN 

(Balov U*K) 

IVitat Kontry-vwii, M. 0. nnd StrelVov, P. 0.» 
Doklady Aoañ. Nuuk., U.S.S.R., 90» 

525-9 (1953). 

fh* abova referanco GGve no tabular data. 
Tto original data waa a craph of the ratio 
of si«cli'ic hKiit to trmreratur»* \oraua 
tfiinperftturo cquarod. The reoulttng curvo 
vta a atralght lino cf the action 

s ** 0.00001½ T2 
T 

vbaro T 1» in *K and C !• in cftl/ga-*K. 
C may bo taken a« either Cp or Cy ainoo 
tWe ia no olenlfleant difference between 
these two apee if io heat* in thia tOKpsratura 
range. The following table waa calculated 
from Uu above equationi 

Temp. 

1C 

Keat Capacity 

Cul/ßBl -*K 

0 
0.5 
1 

1.5 
2 

' 2.5 

3 
3-5 
4 

0.182 X 10*> 
1.46 

4.93 
11.7 • * 
22.8 

39.4 
62.6 
93-4 M 

JM/i'JR luüL^dl iJ'.fjJV) 
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•».005 

crxmc UEAT (Cy) Of SOLIO ojctobi 

Bouro» of P*tat 
Glauque, W. H. and Johnaton, H. L.» J. An. Che«. So«. 5i» 

23<X> (1929) 

Other Koferenccbi 

Borovik-Romnov, A. 8., Orlova, H. P; P* ° » 
DoKlmdy kb#/*• Bftuk 9.8.S.R« 22p 699*70^ (^95 ) 

T»Ue of BfiLected Value* 

Temp. 

•k cal/mole Aeg 

-WW 
lU.lA 
15.12 
15*57 

16.66 
16.CO 
16.94 
1Q.13 

10.32 
10.45 
19.34 
20.26 

20.33 
20.Ò5 
21.64 
22.24 

22.24 
23.66* 

Solid III 
"05“ 
1.52 
1.60 
1.79 

2.33 
2.10 
2.25 
2.67 

2.71 
2.79 
3.07 
3.5O 

Temp. 

•K 

29.68 
30.63 
31.00 
33.05 

ll.ll 
35.57 
35.77 

37-59 
37.03 
30.4? 
39.99 

40.10 
40.67 
42.21 
43.76* 

Cp 
cal/cola deg 

6.61 
6.94 
6.93 
7.52 

n 
0.26 
6.49 

y.00 
9.12 
9.O0 
9.00 

9-92 
IO.16 
10.73 

&1UA-I. 
45.90 
l.*9 nC ^1*1^ 
40.11 
48.97 

50.55 
51.60 
52.12 
54.39** 

11.02 
rrr 

11.01 
IO.99 

11.01 
11.03 
11.06 

1. 
• TranHitlon Temperature ** Melting Temperature 

riv/luT límâed: ¡fvVJ'T) 
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GPBCIFIC 1T.A.T (Cp) of LXQtlD OXYGKN 

fiourcc of Pttini 
Glauque i V. R. »vnd Johnntoa, H. L., J. A«. Che«. Roc. $1, 

£300 (1929). 

Other Refrrrnren*. 

?o rov Ik - Romnov, A. 
Doklody Akad. Unuk. 

ß.. Orlov®, M. P. cvnd Strelkov, P. 0., 
8.S.S.R. 22» ¿99-T01* (1951*). 

Table of Selected Value® 

Temp. 

•k 
CP 

cal/mole-*K 

Temp. 

•K cel/mole-’K 

56.95 
57.95 
60.97 
61.4« 

65.57 
65.92 
68.77 
69.12 

70.67 
71.30 
73.31 
7>«.95 

12.'6 
12.72 
12.71 
12.71 

12.71 
12.71 
12.73 
12.75 

* 12.77 
. |U 

12.81 
I2.O5 

75.86 
77.58 
78.68 
01.13 

82.3I 
O2.96 
04.79 
86.43 

86.61 
86.97 
O7.32 
90.33 

12.80 
12.84 
12.83 
12.88- 

12.06 
12.88 
12.93 
12.91 

12.95 
12.92 
12.91 
12.99 

Triple Point Temp. -- 5M9#K Nonaal Bolling Temp. - 90.13 
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4.005 

STECinC HEAT (Cv) of GASEOUS 0XY0E8 

ßourße of Dot»» J., et »1;{ Hat. Bur. Standardi 
-- Clrc. 564, 1*00-5 U955) • 

Cotunenta» The orlF.loal data were Riven aa Cp/R «nd Cp/Cv- 
Cp/R vaa divided by CjCy to give Cv/R ^Jichjm* 
then Buitlplifd by 0.Ò6P0997 to give Cy ln cal/g»- K. 

T'fxhle of Delected V«lucs 

Temperature 

A«» a •h 

Cv* cnl/gn-^K 

1 ntra 10 atm 3.00 atm 

ICO 
I'iO 
KiO 

ißo 
coo 
cco 

C!*0 
26? 
CßO 

300 

216 
252 
298 

Set 
36c 
396 

432 
468 
5o4 

54o 

O.I505 
0.155a 
0.1557 

O.I556 
0.1556 
0.1557 

0.1559 
0.1563 
0.1569 

0.1575 

0.1593 

0.1576 
O.1570 
0.156a 

0.156a 
O.1570 
0.1573 

0.1579 

0.1687 

0.166? 
0.1637 
0.1623 

0.1617 

Ijm/him’ 



T
E

M
P

E
R

A
T

U
R

E
 t

*R
 

“T " . *T V* 
• 3-- ; • I > 'tl* 

__ 
1 -îâ’ «, '.• »'WVdÂS. 

Ij.OOC 
SPECiFiC MEAT , Cp , BTU/lb*« 

■;. < 

L _ 

r. • . --, 

T
E

M
P

E
R

A
T

U
R

E
 



i* -W—aíáfli -I ..>,*4 I«».t» ■> . , r. --* 

4.00> 

sreciFic ra^T (Cp) of gasfoib oxtoíii 

Source of Detet , . . 
Hiuenrnth, 3., « .1., H.t St^tord. Ctr. <««> 
Woolley, H. W., 3. Beeeerch Wat. Dur. Standard. BP 1«*, ¿2 (W1*8) 

Conaen*',«: 
" I h..* beiov iUO*K plotted on the gJ-*ph end «hown 1« t'» 

Specific « Njw Rp l66U. The o^hir dete were eelected t*bl.e below were liüten from NK3 R» loo*, mw « 
from îiEî Circuler $64. 

Teble of S» lftctcd Vwhi»»»_ 

Cp, cel/pa/K 

1 ATM. 10 ATM. 100 ATM. 

neta fron NBS KP lQ64 

0.2185 
0.2179 
0.2177 
0.2175 

0.2175 
0.2175 
0.2175 

Data from Hfl*» Circular 564 

0.22)4 
0.2205 
0.2199 
0.2195 

0.2102 
0.2159 
0.2168 
0.2186 

0.21Ö5 
0.2185 
0..71.85 
^ .1-.0.- 

\J • L<' J 

0.?l86 
0.2187 
0.2188 
0.2190 

0.2191 
0.2195 
0.2199 

0.2454 

O.2389 
O.2347 
0.2319 
O.22<»0 

O.228I 
0.2269 
0.2259 A nor 1 
w y 

0.2245 
0.2240 
0.2237 
0.2214 

0.2213 
O.2233 
0.7213 

O.972O 
0.4024 
O.3577 
n 

O.3074 
O.2925 
O.7Q17 
0.2737 

0.2675 
0.2026 
0.25H<' 
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F.vniAUT of QASB0U3 OXYGEN 

Qourcn of 
Hiloenn»th, J** «t *1., Nat. Dur. »Undard« Clr. ^ÇU, ^-17 (WW) 

Coffffyntai 
the data were presentad in tlie font of (H - Eo*)/^o* Jhl« wm 
„ '_4^(. tn (u . f ') in PT"/!»» by multiplying by J0.5il37 and to 
(S : Eo*) in cL/¿°by iCmpiyincV 16^. E0* i. the inUrnal 
energy of oxygen at 0*K« 

Tempo1 
Enütulfy (H " !<o*) 

•aturo 
CHÎ/irn !ï!U/lfc 

•rt 1 ul in 10 utm 100 atm 1 atm 10 H tui 100 atm 
_I_| 

100 
no 
130 

130 
1U0 
1^0 

ICO 
170 
1Ò0 

190 
300 
210 

pro 
230 
2!*0 

?50 
260 
270 

?oo 
êjO 
300 

100 
193 
216 

234 
232 
270 

2G8 
306 
324 

342 
360 
370 

346 
4l4 
432 

4^0 
466 
466 

504 
y¿¿ 
540 

21.27 
23.52 
25.74 

27.95 
30.15 
32.35 

34.54 
36.73 
30.92 

4l.ll 
43.30 
45.4a 

47.66 
49.65 
52.03 

54.22 
56.41 
50.60 

60.79 /* «• - u«í.yu 
65.10 

3O.47 

32.O9 
35.26 
37.59 

39.90 
4?. 19 
44.46 

46.73 
48.«ô 
51.23 

53.47 
55.71 
57.94 

60.10 ^ 1. « UCéfA 
64.64 

£0.14 
32.50 

36.57 
39.69 
42.05 

45.85 
46.72 
51.40 

54.20 #-/ Ol. 
59.46 

38.26 
42.31 
46.30 

5O.£0 
54.24 
50.19 

62.13 
66.07 
70.01 

73 9*4 
77.Ö0 
01.01 

05.74 
89.67 
93.60 

97.53 
ICI.47 
105.41 

109.35 
rwy 

117.25 

54.01 

59.17 
* 63.82 

67.62 

71.77 
75.89 
79-90 

84.05 
es.n 
92.15 

96.19 
1CX5.21 
104.23 

100.24 nn a 
116.20 

50.62 
5^.46 

65.24 
71.40 
77.00 

82.40 
87.64 
92.61 

97.49 
102.2* 
ÎÔ6.95 

'1 ” v7:t.M 
Revised: Ü/l/60 
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k.006 

Ü)*KCIFIC KtlAT (Cp) of LIQUID AIR 

Sourc« of Oa^«n 

Oth-r r>wfeiTt>cpw : 

at naturatlon 

lahkin, I. P. ftnd Kivi»vry*r, M. 0., 
Soviet Piiyo. Tech. Phy».» 1# 22o3- 
•¿¿(1 (:i95fi) 

Din. F., ThermoAynt^lo. Funetlona of 
Ga noa, Vol ?, ¿'õtucrvortíiÚ Scientific 
r\ibITcutions f London (193^)* 

Euckon and Hnuck, F^iyslksl Che®* 
1¿», 161-rrr (Î92Û) 

Ccenents j The data cf Ishkin ard Ka^ar^r vers baaed on 
-the werk of F.ucV.on and Kiu-.k and »re the 

specific henta at conetunt preesurw along Uia 
saturated liquid line* 

Dln'a data are for »pacific heata at eonatant 
preacure x'or liquid air at hieiwr U^peratur«» 
and prasuurea not on the saturated liquid line* 

Table of Selected Valurn for Saturated Liquid 

Temperature 

80 
85 
90 

95 
100 
105 

no 
U5 
120 

io 

Ikk 
153 
162 

171 
ICO 
189 

198 
207 
216 

¿0 

Prceou]'« 

a tin. 

1.175 
I.982 
3*i:»b 

4.73Ó 
6.8,0 
9.5O9 

13-00 
17.17 
22.17 

Spécifie Heat at 
Const-mt rresoure 

Jouleo/rci *K 

1.97 
2.02 
2.07 

2.13 
2.21 
2.3Î 

2. 
2.58 
2.77 
<* e /s J • XV 

BTJ/lb ‘fl 

0.**71 
.482 
.494 

.509 

.520 
*552 

.5O3 

.616 

.662 

'll»** • I »V 

LAV/WJV luiiutd" 



fc.006 
TEMPERATURE, *R 



S.006 

srícirrc wat (cy) of oaseoib air 

Source of Pula: Din, F., Tnonandynmnlc Functlonu of Otoeo, 
Vol. <?, CutterwurViio Scientific IMfcllcntlono, 
Lutidon (19’>)» 

Other Referene«’!* t NIB Circular (19‘<>5). 

Commente i The data in KBS Circular !>6U are not in clone 
- agreement with the datn of uin. Din doco not claia 

an accuracy of bel ter tr«n in general ana loos 
accuracy in the critical region. 

Specific Heat at Conctant Volume, Joulen/gm-*K 
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4.006 

SPECIFIC HEAT (Cp) of 0AOT0U3 AIR 

Sourcun of Puta? 

Other Hofe reflect 

HKÎ Circular (19?^)# Din, r.t^Tt),>rH£* 
dynamic Functlono of O'^jcn» Vol. 
Duttcrwruib Scu-ntliic Kibllcationo, Imion, 

(19^). 

mcliclo, et. al-, Appl. Sel. Rc». A, 4, 52 
(1953). 

Commonto : At temperature»» above 200*K the data of Din 
ÎJÎjD Circular 5^** »‘«cnee within about 1$. At sp" 
eraturco near and above 300*K they converse. At 
thr lower temperuturoo the vnrlatlon Incrcowa with 
preoDurc up to about 3-5Í at 110*K and 10 atn^pheros. 

Dln'o data ore buoed on tl« work of Micholo et. ûl. 

Specific Heat at Conotant Prcsoure, Jculee/gw*K 

Tewp. Í 

•k 

Eteîta from KbS Circular 

.1 AW 1 AW 10 AW 100 AW 

90 
100 
110 

120 
130 
1U0 

150 
1Ô0 
210 

2U0 
270 
3OO 

Sw* 
7SJ 

100 
110 

120 
HO 
140 

1^0 
1S0 
210 
2**0 
270 
'00 

1.001)5 
1.0046 
1.0040 

I.OO26 
I.0034 
1.0032 

I.OO3O 
1.0023 
1.0020 

I.OO3I 
1.00i8 
1.0049 

1.0253 
l.CL’lO 

1.0175 
1.0144 
1.0122 

1.0105 
1.0075 
I.OO60 

I.OO54 
1.0055 
I.OO63 

1.360 

1.241 
I.I7I 
I.I3I 
I.IO34 
1.0601 
1.0404 

I.O296 
1.0237 
1.0203 

2.43 
1.572 

I.326 
I.219 
I.I6I 

Data from F. Din 

1 ATM ¡ 5 ATM ¡ 15 AW 25 AW 

% f\r O 
JL • V/ ;c. 

1.044 
l.0»»0 

I.036 
1.033 
I.O3O 
1.027 
1.019 
1.012 
1.007 
« .(XV. 
1.0<v. 

I.I87 
1.142 

1.112 
I.OO9 
1.074 
1 .0<j5 
104 3 
1 .Ow»,. 

1.017 
1.914 
1.012 

1 

1.537 
I.372 
1.275 
1.210 
I.II6 
1.009 
1.046 
1.035 
1.028 

2.13 
1.6? 
1.443 
1.201 

1.076 
1.057 
:.045 
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TEMPERATURE, #R 
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EimiALPT of LIQUID AIR 

(Saturated) 

Pourc« of nata: Willlua», V.C., Trans. An. In«t. Chen 
En^rs. ¿2, 93-U1 (19^3). 

Cotarynt» j T>i« orlBitvxl dntii preBenta the enthalpy of 
nature ted liquid at 1 atm *» **6.33 Ui'U P®** 
pi>und. Tl» data preoented here have been 
found Vy nubtracting *>6.33 frow ^he origi¬ 
nal data in orfer to be in agreement, by 
definition, vith tho data of Din for ganeou» 
air. Tt» data of Din present enthalpy as 
zero at 1 atm and 79*Q*K (bubble point). 

Table of Selected Value« 

Temp. (Bubble) 

•K 

70.72 
0^. 3>* 
93.10 

96.02 
9O.47 

102.60 

IO6.O5 
112.96 
110.43 

I27.II 
132.66 

141.70 
153.6I 
I67.72 

172.04 
177-25 
164.63 

190.69 
203.33 
213.17 

223.80 
230.04 

Pres«uro 

Atm. 

1 
2 
4 

5 
6 
6 

10 
15 
20 

30 
37.25 

Enthalpy 

Jaulen/gra 

• 0 
13.19 
29.47 

35.24 
40.52 
49.02 

57.60 
74.7’ 
69.; 

117.74 
100.45 

ETU/lb 

0 
5.67 

12.67 

15.15 
17.42 
21.42 

24.00 
32.13 
33.37 

50.62 
72.42 

UAV/WJV loüuoi: 7/31/59 
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>4.006 

ENTHALPY of COMfHKSSED LIQUID AIR 

finurr* of !>iUj Willimnn, V. C., Trens. A*. Inet. Ch«m. 
--En«r. ¿2, 93-m (19^3). 

Consentes The orlßlnnl into. preeenU Ue enthnlpy of 
-- saturated liquid nt 1 atm *e 46.33 BW J»** 

pound. The data precented here have been 
found by nubtrectinfl thle 46.33 freu» the 
original data in order to be in agreement, 
by definition, vlth tne data of bin for . 
ganeoua air. The data of Din present» 
enthalpy bo tero at 1 atm and 70.0*K 
(bubble point). 

Table of Selected Valuee, Joules/gn 

I^mp. 

•k 
40 atm 60 atra 100 atm l4o atm 180 atm 220 atm 

17.8 

ftO.Û9 

100 

111.11 

\?Z.?.2 

1J7.7Ö 

90.98 

44.12 

69-99 

99.37 

117.97 

-0.95 

21.44 

44.59 

69.99 

9C.46 

111.23 

0.86 

23.77 

46.57 

69.99 

94.25 

107.51 

4.42 

26.91 

49.24 

71.8° 

94.13 

105.76 

9.47 

30.63 

52.10 

73.66 

95.53 

106.69 

12.02 

33.54 

55.06 

76.90 

98.27 

109.04 

DAV/WJV íüuued: 
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4.006 

CTTRALPT of AIR 

(OânROUH Ot»t« - Oaturated) 

Source of Data: Vllllaica, V.C., Trano. An. Inst. Client. 
Engre. £, 93-111 (1943). 

CcOTiientat The original data preaent* the enthalpy of 
aatui'atfld liquid A 1 atm aa 46.33 ETU par 
round. The data preaenled iirr« imv« beet. 
found by eubtracting 46.33 from the origi¬ 
nal data In order to be In agreement, by 
definition, with the data of Din for gnseoue 
air. The data of Din preaent enthalpy aa 
tero at 1 &ta and 7û.8*K (bubble point). 

Table of Selected Value a 

Teap. (tev) ireeaure 

Ata. 

Eatholpy 

•k •R Joule«/go rrru/ib 

81.76 
63.21 
95.77 

93.49 
IOO.33 
104.75 

103.01 
114.49 
119.57 

117.56 
132.41 

147.17 
158.7Û 
172.39 

177.23 
181.49 
183.55 

194.42 
206.09 
215.23 

229.61 
238.34 

1 
2 
4 

5 
6 

. a 
10 
15 
20 

30 
37.?5 

205.20 
210.43 
215.16 

216.43 
217.41 
213.34 

210.62 
213.06 
216.25 

207.Go 
1^.45 

83.22 
90.47 
92.50 

93.05 
93.4? 
93.87 

93.99 
93.75 
92.97 

6y.02 
72.42 

}iAV/W,iV ïr.r.ücrd: Y/jl/?9 
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U.006 

EirmAU’Y of GASÏ0U3 AIR 

Source of Data: 

Dm, Tuennoayiwunlc TunctIona of Pasee, Vol. 2, Buttervorth'e 
Scientific KibliCtttlone, London ( 19!;6) 

Other Reference*: 

Hileenrath, J., et el.( R»t. Dur. SUnderda Clr. ^5-50 (1955) 

Coutfwat*: 
Enthalpy le taken ae toro at the bubble point (1 ata., 78.8*K). 
7i* data In (fat. Rur. Standarde Clr. ^6Ji are preecntei ae the 
enUtalpy minus the enthalpy of the ideal gee at absolute zero. 

Tiible of Selected Values, Joulos/gm 
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*4.007 

SreCIFIC HEAT of SCI.ID CARDON HOOOXTDE 

Soure»* no fDnt» : _ Clnyton* J. 0. and Ol*uqu«, W. F., J. A*. Ch*«. Ooo. 
SÜ. (193íh Cl*yton, J. 0. and OU«iu*, W. F., J. A*. Ch*«. 

5071-73 (1933); Cluel4w, K., a. phy*ik. Ch*». 41-79 (1929). 

C'>«*!*nU! Clayton and Olauqu* etat* that tha *p*elflo h*at of «olid 
“—'¿irbou monox id* may b* r*pr*s*nt*d by th* follovin« *<iuatloni 

vit«r* t 

Pa»Vt*t 

Cp * - 1.25 ♦ 0.24 T 

Cp 1* In cal/gm-mol* *K 
T 1* in *K 
20- 6l.55*K 

Data from Clayton and 01a<aqu* 

T*.TP. 

*K 
CP 

eal/ffM-jfiol*** 

Tamp. 

•k 
CP 

aal/gn-aol**K 

14.36 
16.94 
1937 
21.93 
24.31 
CÓ.Ó4 

29.01 
3Ã.56 

ilil 
44.71 

1.637 
2.450 
3.263 
3.976 
4.573 
5.114 

• 5.601 
6.272 
8.111 

. 9.055 
Q.OñCi 

47.90 
40.34 
52.34 
55.07 
56.02 
59.04 

61.55 
63.47 
64.55 
66.02 
69.C? 

9.883 
9.937 

U.01 
11.73 
12.71 
13.61 

Tramltlcn T*mp. 
12.02 
12.36 
12.30 

. KïltJns Point 

t 

I 
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TEMPERATURE, *R 
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U. 007 

SFRCLPIC HEAT (Cp) of UQUTTi CAKWON MONOXJK 

Sourceo of DaIo: . . . 
-POTT«, K., z. phy«ik. Chem. BB. ^1-79 (1929)1 

Clayton» J. 0* and Oiau-iue, W. J» A*» Ch«*» 
Soc. ¿i# 2610-26 (1932)? 
Clayton, J. 0. and Oinu^u«, *<*• F«# J* Am. Chem. 
Soc. 2¿, 5071*73 (1933). 

Cowoentat .. . .. 
Comparttoo of theoe tvo raferencea ohowa that tha 
iw/.reenvnt for the bpacific »«at of liquid carbon 
monoxide la not go'*. A relative magnitude aeema 
to be the beet that can be realised here. 

Table of Valúen 

From Clualue Froui Clayton and Glauque 

Temp. 

•X 

Cp 

cal/gm-mole*C 

Temp. 

*K 

Cp 

cal/gm-m^le’C 

70.I 

7¾.2 

7fc.7 

76.9 

80.O 

01.} 

1^.33 

lU.UU 

14.52 

14.53 

14.66 

14.75 

70.Ù2 
72.17 . 
75.47 

75.00 
79.70 
79.06 

30.61 
O3.39 

34.66 

14.42 
lH.43 
14.48 

14.39 
14.41 
l4J*fl 

14.50 
14.40 
14.45 
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n.007 

SPECIFIC HEAT (Cy) of OASEOUS CAHDOIí MDHOXHE 

Rt^urfíe of Data: 
L. E • » iniyn. Rev. 

Cor.nncnts î 
Pheee vnlußo of Cv -ero caiouln^dfrc^rnp-V-T 
Ifttft obtained from: Bartlett, E.F., He inerme 

tön, H. 0., Kvnlne*, B. «- ’ 
T. Am. Chom. Ooc. ¿2, 1371**-!. (7.- )* 

Table of Valueo 

KDT /IUH lunucd: i)¡¿r¿Í'j9 
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>4.007 

órEcrrcc ütat (c~) of gatjeous cardon monoxide 

Coure« of Dot*: DeniM. E. «rwl Chuy*, !.. E.# Phy». 
-- Rev., (2] £, 2245-64 (1931). 

Comments: These vnlueo of Cp were calculnted fro« _ 
*- p-V-T datn obtained from: TVirtlett, E. P.# 

lletherinr^ton, H. C.# Kvalnen, H• M.# «M 
Tremoarn«, T. H., J. An. Chien. Soe. £2, 
1374-tu (1930). 

Table of Values 

Kjh/ivin ii.fumi: 6/i'; /59 
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I* ,007 

srucirtc hpat (cp) of cat-eouo cahíjon monoxide 

(ftt Erro PreoDure) 

poun;** of Dnt-a: 

üoff, J. A. und Oratch, C., Trane. Af.MB j[?, 7^1-7^9 (195<>)< 

Table of Selected Values 

Temperature 

•k 

so,5ó 
50.34 
61.11 

63.O9 
66.67 
69.45 

72.22 
77.7O 
03.33 

m.fr) 
9'+. 41* 

10i\00 

105.56 
iii.11 
lió.67 

122.22 

•R 

100 
105 
110 

115 
120 
125 

I3O 
ll»0 
I5O 

170 
1»0 

190 
200 
210 

220 

Speeifiß Heat 

cal/wn-mole *C 

h.OWJO 
6.951ÓÒ 
6.95102 

6.95104 
6.95106 
6.9510O 

6.95110 
6.95114 
6.95119 

6.95123 
6.951211 
6.95133 

6.95138 

6.95153 

Temperature 

•k 

127.78 
133.33 
144.44 

155.56 
166.67 
I77.7O 

180.09 
200.00 
211.11 

222.22 
2IJ.33 
244.44 

255.56 
..'Ob .67 
277.7O 

305.56 

•r 

230 
240 
260 

280 
300 
320 

340 
360 
300 

400 
420 
440 

460 
U&) 
500 

550 

Specific Heat 

cal/fpn-mole *C 

6.95159 
6.95164 
6.95174 

6.95185 
6.95196 
6.$r/¿vj 

6.95220 
6.95230 
6.95257 

6.95284 
6.95322 
6.95375 

6.95440 
6.95545 
6.95674 

6.96174 

k ...w- 

V V 

•f «m/ 

ŸmJ\K:,\i, lr.i.u«-a: rjïrjÿ) 
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U.OO0 

EP2CIFIC HEAT (Cp) of SOLID »od LIQUID fLUORIX* 

Souro«i of Dftfi 
la, J. H., Vhlt«, D. iu>d John»too, H. L., J. As. Ch»«. Boe. 
5ÓÍ2-5 0 953) 
Ifeal*, B., Bull. Che«. Soo. J»p»n 12, 4?3-9 (1937) 

ÇoaæBt» t 
4»t« fro« the tvo ■ouro»« ar» not lo MP^*»»nt. Oloo» th» «or» 

recent !»eMur*w*nt« cf Bu. »t al. u««d iaproved loJtruwuat» and tech¬ 
nique» their values *r» probably «er» reliable. Hovtiver, »ioe« th» 
r»?ult» hav» not been v-rified, K^eA»'» voik 1» pir***nt44 Vy th» iottad 
Une on th» pvaph. Rotevorthy 1» th* laúk of a solid state traca it ion 
la Kau&a's data. 

Th» «osolut» tnr^«rature seal» (0“C • íb73*1^*») 
of »»leotod value» belo». 

Dota fro© Ku et. al. 

Tewp. 

•K 

P 
cal 

13.89 
15.^9 
17.06 
18.86 
21.37 
24.16 
27-60 
31.60 
36.99 
41.43 

45.55 

40.51 
ny.42 
50.39 

0.0396 
0.0492 
0.0611 
0.0730 
0.0939 
0.1161 
0.1413 
O.I7O5 
O.POñS 
0.2430 

trannl- 
ticn pt. 

0.3046 
O.jUTU 
O.3II6 

Tttnp. 

•K 

-- 

S 
cal ■' msg 

C» K 

51.49 
52.O9 

53.54 

58.14 
62.27 
67.05 
71.86 
76.60 
61.32 

O.3350 
O.4562 
Melting 
point 

O.36OI 
O.36OI 
O.356O 
0.3571 
O.36IO 
O.363I 

Unta fron Knula 

14.91 
17.75 
kv. Oi 
23.10 

O.0307 
0.0476 
ea e» • A 
yjéWjyj 
0.0748 

T»£p. 

•K 

25.42 
29.50 
32.00 
35-40 
39.11 
4 3.10 
47.95 
52.98 
53.98 

55.20 

57.50 
62.51 
67.49 
77.20 
Û-* VJ#** 

0.090^ 
0.113«* 
0.1PÚ2 
0.1464 
O.1653 
0.1074 
0.2037 
O.216I 
O.2306 

Melting 
point 

0.2853 
O.2872 
O.289O 
O.2927 

'v%t*Q 
w »«.j-vw 

Iï'r/jAH IbMucd: 7/13/59 
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U.008 

SÍTCIFIC TPAT (Cp) of 0A?ÎF.0t)3 FLIWSIKR 

■t one etnoephere 

Onurcff of Ontai KricV.e, F.. F-» îlo. 
F-^0^-101, ATI 121 15«, 
Pepubllc Aviation Corporation, 
Fand nçd&la, I*. I • i York# 

T*ibl« of Selected Valueo 

Ttemp. 

•k 

CP 

cnl/(on.»*K 

Temp. 

•k 

cp 

cal/#* **K 

85.2^ 
on 
95 

100 
105 
110 

115 
120 
125 

130 

0.19''2 
.1920 
.1913 

.1902 

.1892 

.1096 

.1879 

.1Û73 

.1068 

.1865 

HO 
I6O 
180 

200 
220 
2U0 

?C0 
POO 

298.16 

O.IP63 
.1063 
.itysj 
.1876 
.1997 
.1918 

.1939 

.I960 

.1919 

i yli/j aT¡ Tiîâûëd! ï /10/55 
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li .009 

SFISCïriC H8AT (Cp> Cv) of S0L7D AROOi 

Sova^»» of D*t*t 
DarJtor, J. R. and Do'ub», B. R., PtiU. Mr«. 46, IO69 (l9í>5) 

Cluulu*, K., Z. phy». Ch»*a. B¿1, 4^9 (1936) 

Dobbs, B. R. and Jona«, 0. 0., Rapts. Prcgr. In Phys. 30, 561 (1957) 

rigglna, B. F. (Privat« Consíonlcatlon)(1955) 

Hill, R. W., (PrlvaU Coiatunloatioc) (1954) 

Comenta t 
Kill and Pleins a«r«« vlthin 0.25Í of ena another, but dlffar fro« 
Cluolus by es euch «s ft. 0»ly these reesnt nreovireMnts below 35TC 
di» bo used in detailed oowmítísoo with lattice theory, but a »■»ao 
curve through the results of Bill and Plcglne cp to 35V and of Cluslus 
between 351c and 85V Is helpful lo oalculatln« other quantities. 

Table of Selected V»l«w-* 

Temp, 

*K 

C? 

cnl/t?a -*K 

c* 

ool/f>-#-*K 

10 

20 

30 

40 

50 

60 

70 

80 

04 

O.OiOO 

o.w 

O.II3O 

0.131 

0.147 

O.16O 

0.176 

0.192 

1 0.197 

0.0200 

0.0735 

O.IO6 

0.115 

O.I23 

0.1?« 

O.I36 

O.lW 

1 0.145 1 

I'iJi/iWH" ïüuued: ~ThlJV) 
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4.009 

SPECIFIC HEAT of LIQUID AROGW 

SourcR« of !>ita: F.uckun, A. und Haurk, F.f I» phyulk 
CVten., rj4, 161-77 (19»3). 

Oihor Ref«»roncea; Jone*., 0. 0. und Walker, P. A., Proc. 
Phys. 3oc. (London), OOB, 1540-9 (1956)¡ 
PrlAOfjine. I. and Hauliar 3., Phyaica, 
2, 596-404 (1942). 

Tabla of Selected Value0 

Te»p. 

•k 

CP 

cul/gra 

Cy 

cal/íçn -*K 

Go 
90 

100 

110 
1?0 
130 

l4o 
150 
160 

170 
100 

0.2641 
0.2742 
O.2G79 

0.3004 
O.3205 
O.3Q3I 

O.I-77 
0.1377 
0.1377 

O.I3O? 
0.1227 
0.1164 

O.1C09 
0.1002 
0.0939 

0.0901 
O.O876 

< 

nüTTülf ir.-.Tiédi TfwTT) 
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U.010 

SreCIFIC HKAT (Cn) of SOLID WCTHAHE 
m * 

(15 to 2<S*k) 

Source of Data» 

Frank, A. and Clusiun, K., Z. physik. Chem. B¿6, 
291-300 (1937). 

CotOTante : 

The tranaltion In oolld aethnna occurs at 20.*k. 

Table of Delected Values 

Temp. 

*K 

Specific Heat, Cp 

Cal/gjn-mole *K 

Temp. 

*K 

Specific Heat, Cp 

cal/gm-arle *K 

15. W 
16.55 
16.61 

17.71* 
17.7fi 
10.56 

10.73 
19.17 
19. ^7 

19.7O 
19.04 
20.12 

20.10 
20.27 

2.771» 
3.3OO 
3.362 

4.207 
4.240 
5.154 

5.262 
6.152 
7.324 

IO.65 
10.91 
17.20 

20.7 
35.7 

20.27 
2O.32 
£0.34 

CO.!? 
20.4 
20.40 

20.44 
20.53 
21.06 

PI.?? 
22.40 
23.I3 

24.65 
25.52 

45.3 
47.6 
71.6 

69.3 
Tranoition Tenp. 

42.5 

27.4 
IO.3I 
4.504 

{♦•325 
4,0.41 
4.7S2 

4.912 
5.193 

TO~ 
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4.010 

SPBCinC HEAT of SOLID wid UQPJID »«THANE 

Scniroo of D»tn ciu«iu*, K., 1. Si» U,-'r9 (192r)), i 
Tabl* of S«l*et»4 Valu*» 

Taap. 

*K 

10.33 
10.63 
10.98 
11.35 
U.98 
12.06 

12.33 
13.08 
13.19 
13.43 
14.15 
14.45 

15.04 
13.41 
15.33 

Spacific R«at, Cp 

oal/g»-Bol**K 

O.954 
1.059 
1.113 
1.164 
I.2O3 
I.38O 

1.414 
1.718 
I.854 
1.092 
2.o44 
2.212 

2.340 
2.530 
2.9IO 

Spacific H«at# wy 1 
CAl/ga-««la*K 

O.952 
1.056 
1.115 
1.160 
1.279 
1.375 

1.4o9 
I.709 
1.843 
1.8Û1 
* MQ fc. •w JW 

2.321 

2.&7Q 

T«ap. 

•K 

20.94 
22.Ö0 
24.9 
26.7 
26.5 
SO.? 

35.2 
37.6 
40.0 
42.3 
44.4 
46.7 

ßpaclfic HtÄtj Cp 

c«l/c3»-»ola*K 

? 
.778 
.619 

4.932 
5.273 
5.535 
5.831 

6.392 
6.695 
6.932 
7.238 
7-363 
7-553 

T®«p. 

*K 

es.6 
70.7 
71.9 
75.0 
75.6 
79> 

49.7 
52.5 
55.7 
58.3 
61.4 
65.1 
67.2 

7.830 
8. ose 

79.5 
83.0 
83.7 
87.0 
«7.2 
90.6 

e.254 
8.471 
3.673 
Ö.8l4 
8.951 

95.4 
97-7 
98.9 

102.0 
102.1 
105.3 

líh'H luHueti; 0/1^/v 

18.62 
19.15 
19.67 
19.93 
20. ?1 
20.3Ö 

20.38 
20.44 
£0.66 

Specific H«ai# Cp 

cal/(»»-»>la*E 

2.842 
3.212 
3.590 
3.590 
4.U35 
5.IO5 

5.123 
5.792 
7.173 
8.615 

13.31 
40.50 

48.74 
Transition Tü«p. 

12.07 

ßyecifio n-sat, Cp 

eal/gB-n»ala*K 

9.032 
9.176 
9.252 
9.382 
9.500 
9.660 

9.715 
9.967 

10.02 
10.12 
AW.A* 

Nomvftl Malting Pt. 

r-.-: 

12.81 
12.65 
12.90 
12.97 
13.12 
13.01 

á 
* 
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4.010 

SKCUFIC U£AT (Cp) of II^UID METHA1Œ 

(SRturnted) 

Ijourcft of Data: 

Vlely», n. »rd Pr»*voort| M. J.» J. Am. Chcm. Soc. 
•£, 622-33 (1930). 

Tubl« of Selected Vnlues 

Temp. 

•k 

Specific Hont, Op 

cftl/gm-mole **K 

Temp. 

*K 

Specific Keu, Cp 

ervl/fjn-mole -*K 

07.73 
102.27 
IIO.94 

II7.53 
121.0? 
129.32 

134.28 
140.49 
149.51 

153.70 
154.75 

12.94 
13.^9 
13.20 

I3.27 
13.26 
13.77 

14 .05 
14.34 
14.78 

14.97 
15.27 

I60.9Ô 
I60.02 
174-75 

178.00 
180.66 
182.02 

132.05 
184.43 
100.24 

I9I.O3 

16.01 
I7.3O 
19.48 

20.90 
22.18 
23.92 

24.18 
26.01 
52.34 

Critical Temp, 

W'R In.'uu'd: 7/31/^ 
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N.oio 

SIîJCIFIC HEAT (Cv) of GASEOUS WTHANE 

Source of Diiln: Giuconlnlf l*'. A., Phll. Mai;. 1)0« l**6-î»6 
(wn?). 

Other lU'frreneeo: Mlllfu*, H. W., J. Am. Clicm. Soc. ^5« 
-a7l|-Ül (l9i-'3). 

Co:re«:r.t3i Tiw vulucc were obtaiiKjd by mcur.uri 'ß Cv 
directly Insteed of rolyin^ on a rcuitlonnhlp 
beU/een Cv and Cp. 

Table of Selected Values 

’iX'mpcruture 

•K 

Preooure 

mm Hr 

Cv 

CRl/gm-*K 

180 

222 

L70 

60 

1)07 • 

570 

J(t0 

O.33O 

0.31)4 

O.367 

0.1(00 

Tsãusd 
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1' .UlO 

SPBCmC IIEAT (Cp) of GAÍÍKOIK MTCIIANE 

S«irce of Dutnt Roonini, F. D., ct til., nrlertrd Valuoo of T’iyol- 
chI m>d Tlici’ffxK^vTi'unlc Prop-rt Iim; ")f lljtii'ocni'bono 
Fi'ruT RtTniod CuiiiHAin'l~, Cartw-yie !Vflr.n, I’itLti’ourgh 

}'P. Vy7t Sm¬ 

other Fefercnccaj Eilmlotír, W. C., Oil find Ces J., £0-2 (Nov, 5, 
1936)» F.ucken and Fried, Fliyolk 20, Ul (1924); 
Euckrn and I«dc, Z. Wyflik. Cbnn. BS, 413 (1929)< 
Hcuoo, Ann. lliyo. 1j9, % (VjlO)i MÏTÎar, R. W. 
J. Am. Chom. Soc. Ïï£, 074-Bl (1923)» Pttxor, 
Ind. Enß. Clicm. ¿6TB29 (1944). 

IViblc of Cclcctcd Values 

Tcmjxírature . cp 

cul/gra-*K •k •r 

o J • C- 

227.6 
2£0.0 
2££.4 

273.2 
203.2 

*• 
fc.v-Aie 1 

293.2 

5^.2 
30c. 0 

HOI .7 
409.7 
4:,0.0 
^9.7 . 

491.7 
£09.7 
£19-7 
£27.7 

536.7 
£40.0 

0.5037 
0.5043 
O.5IO2 
O.5135 

0.5204 
0.5240 
O.5274 • 
O.5296 

O.5321 
O.5331' 

'fejrpcrutur* Cp 

cal/cn-*K •k *R 

73.2 
86.7 

100.0 
116,5 

123.2 
144.3 
I5O.O 
172.1 

173.2 
199.Ö 
200.0 

131.7 
159.7 
I6O.O 
209.7 

221.7 
259.7 
270.O 
309.7 

311.7 
359.7 
36O.O 

O.4955 
O.4955 
O.4955 
0.4y55 

O.4955 
0.4955 
O.4958 
0.496*» 

O.4965 
O.4967 
0.4988 

1 
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*».010 

LniHAUTf of Llyino ÆTKWŒ 
(Saturated) 

Scnirce of Data» 

Wlebe, n. and Bi-cvoort, M. J., J. An. Oum. Ooc. 
2£» 622-33 (1930). 

Cogyants 1 

The cnt.h»\li)y vnlueo tabulated below ha*« ao tíielr 
bar.io II ■ 0 for naturatod liquid methane at 10ö*K. 

Table of Golected Values 

Temp. 

•K 

100 
103 
110 
111.5* 

115 
i;«o 
125 
130 

135 
i**o 
1*»5 
Xjo 

155 
ico 
165 
170 

175 
IfiO 
185 
191 Oj*» 

Entlnlpy, H, rut. 11). 

cftl/r,.molo 

0.0 
65.7 

131.8 
152.2 

I9O.7 
206.3 

.7 
3*» .6 

*♦75.2 
5**7.1 
620.2 
696.O 

77*».0 
O55.1 
9**0.2 

IO30.7 

ir?0.7 
12 *3.6 
1366.3 
IO50 

* Nonnl UollinR Point 
+* Critical Point, II value fr.und by extrapolation 

1-3-1¾ lü.i.oJ: 77ÏÏ759 
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il .010 

EirrHALPY of OASEOOS METHANE 

(tetumUd) 

Sovurc* of D*t>: 

leb«, R. and Brevcort, M. J.» J. An. CT»cn. Soc. 
622-33 Í1930). 

Coœ^r.t« î 

Ti'-i «nttvilpy value» tabulât«« b^lov have »o their 
b*.»!» H * 0 for aaturated liquid asethaiw at 100*K. 

Tabl* of Selected Value» 

Temp. 

•k 

Enthalpy, H, aat. vap. 

cal/e-nole 

100 
105 
no 
111.5* 

115 • 
120 
125 
130 

lp lío 
I*i5 
150 

155 
liio 
165 
170 

17 r' 
1Ö0 
-Or 

191.03** 

201*8 
2081 
2115 
2124 

214; 
2183 
2218 
2251 

22O3 
2314 
2341 
2j66 

2386 
2Í01 
2410 
2413 

?i*05 
23OÒ 
A.JIWW 

1050 

• Ilon.Al Bolllrv.: í’olut 
•* Critical l'ointj H value found by extrapolation 

RTfT I^üÚTT: 7/31/^9 



‘j.OOO 

PHÄsa TPANr.incN ukato 

CONTATO 

Conversion Knctom for Trannltlon Ucntn rvnd Hentn of Conversion.5*000 

Heat of Fuclon of Helium.  5*001 

Heat of Vaporization of Helium.......................5*001 

Heat of FuHlon and Vaporization of Hydrogen.  5*002 

Heat of Convernlon of Hydrogen (from para to norciil).....5*002 

Heat of Fuuloii of Neon. 5*003 

Heat of Vaporisation of Neon........5.003 

Heat of Tranoltlon In Solid Nitrogen.  .,,,5.004 

Heat of Fusion of Nitrogen (at normal luelLing tofoperaturo).5*004 

Heat of Vaporisation of Nitrogen.   .5,004 

Heat of Vaporization of Nitrogen (at normal boiling temperature)..... .5*004 

Heat of Vaporization of Oxygen.  .....5-.005 

Heat of Vaporisation of Air......    .........5.00b 

Heat of Transition of Solid Carbon Monoxide (from a to ß form).5.007 

Heat of Fuulon of Carbon Monoxide....    5*007 

Heat of Sublimation of Carbon Monoxide.  5*007 

Heat of Vaporization of Carbon Monoxide.  5*007 

Phnac Traiàò ilion Heats of Fluorhie (nolid, fun ion and vaporization).. *5 *00ß 

Heat of Vaporisation of Fluorine....5.008 

Phaiie Transition Heats of Argun (fusion and vaporisation)....5*009 

Fhnne Transition Heats of Methane (solid, fusion and vaporization)... .5*010 



5.000 

I 
CONVERSION FACTORS for TRANSITION HEATS »r«l REA1B of CONVERSION 

cel 
gn 

Joule* 
gm 

Vfctt ScO 
go. 

FTU 
'ÎÇ 

1 1*1 . 
gm 

1.000 4.161»0 I.79ÖQ23 

! joui«« . 
go 

0.239006 1.000 1.000 O.U29929 

, watt eeo t 
1 eo 

O.239OO6 1.000 1.000 0.429929 

. FW _ 1 ■ O.555919 2.3^597 2.32597 1.000 

___ <)¿B 
VJJ/JRC Issuedt 10-7-59 
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5.001 

HEAT otf FUSION of HELIUM 

Souroa of Data: 

SwvnioOy C. A., Phyti. Bav. 22» ^0, **» 626-63I (Aug. 1950) 

Otfcor ft»f»rgnocBt 

SvB.itíon^ C. A.# • R*v. 86^ No. 6# 070-6 (Jum 1952) 

noll»,vi, if. A., Vrj^si.îi, J.Ä.W. ai4 Jor*», 0. O.» Proe. Hi 
foo. (Lona***) 266-77 (1951) 

Ovrtf^cn, c. A.* Itey. 8^» No. 3» 53Ö-5A4 (Feb. 1953) 

ÏXJ*, C. gtid DiVvlftl«» J. 8., Prci^cslu^j Te®wr^ 
Vol. II, As*t«r4iua, 'ft* Satb*rIwKU>, «nrth noii^vX Put 
(1957) Wo 
K*»!ftua, W. H., HaMta, Eloovlar, Aaatflrdaa (19^2) P» ^ 

Table of Selected Valuea 

ftsçunpfttar« Haat of Fuelon 

*X F jcvlsi/grn LTU/lb 

\.77 3.19 1*99 0.852 

1.80 3.Ä 2.07 0,690 

I.83 2.29 2.16 0.929 

2.00 3.Ä) 2.W I.05 

2.50 ^.5 3.^9 1*50 

3.00 5.*» ^.55 1*9$ 

V«tf> A.a «Ç.70 9-Us - , : 

U.00 I 7.2 [ 6.80 1 2.93 
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ITKAT of VAl'ORIiiATION of HKLIUM 

;-,a 
* 

Source of Dftta» 
nerma, R. nnd Mat«, C. R., I’hll* Maß. (3) ¿, 461-69 (May 19i>8) 

Other nc-fercncp»» 

Dränen, J. Von, J. Chom. PJiyo. V^, 213 (Jan* 1955) 

XeeBom, V. H., helium» Elaeyler, Aoolerdcn (194¾) 

Rnoenhaum, B. and Atklnn, R., Bull* An. n*.yu. Soc. 1, dlO (195^) 

Vau Dijk, H. and Darlrux, M., Progreaa lu 
II, North Holland Publlnhln« Co., AnujU-iil»«n, 1¾^ Netherlar.Uxi {ijjl) 4Ö0 pp. 

Cowaonto: 
The Aboolute temperature acale (0*C - 273.16*K) wnn uned In the table 
of oelected valuuo below. 

Ta&p. 

•k 

2.20 

2.40 

2.60 

2.80 

3.00 

3.20 

3.40 

i An 

3.00 

Hy 
Joule• 

(pa 

22.8 

23.1 

23.3 

23.5 

23-T 

23.6 

23.5 

i>* 9 

Temp. 

•k 

22.7 

4.00 

4.20 

4.40 

4.60 

4.00 

5.00 

5.10 

5. IS 

5.1Ô 

Hy 
Joulea 

Fjn 

21.9 

20.9 

I9.7 

10.0 

15.6 

12.0 

8.99 

6.70 

4.tjû 

DIím/GAR loi.uid: 7/13/59 
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I. . 

li.oo? 

irKAT or vAi’oiarATioN or noiwa:. hydrooeîî 

* 
: 
► 
p 

r 

s 

l’ 

* 

Sourerh of Hain! 

Woollry, II. W. » Scott, H. B. and Brickwedde, F. Q., J. Beararch 
Natl. Bur. Stundurdu Itl, 379-1*7^ (l9V.l)j Beacarch Heport HP 1V32 

Sinoni F. und Lunge, F., 7.. Pliynlk. 1¿, jl£ (1923) 

Other PetViTnceg: 

Korppc, W.i The Detemlnation of Unknown Thormtd Data by the Modified 
Theorem of Correnponding SLateu, Kalteteohnlk 8, No. 9 (1950 

Comnif-ntn; 

The datn tabulated below were obtained froc a T-S diagram Included In 
RP 193?. Gimnn and Lnngo made direct meaauremento of the heat of vap¬ 
orization at urverul temperatureu between the triple point and tha 
normal boiling point. They fitted their duU with the equations 

I» (in cnl/nol.) ' ^ <T * ^ 
It in quite likrly that U1I» equation will give aomevhat more accurate 
values of the heat of vaporization between Ik* and 20.UlK than will 
the table. In constructing the T-S diagram, it wan found that the 
experimental valurc of Ly differed from thone obtained from the 
Claunlus-Clapeyron eruatlonj «ecoitilngly, the valueo shown cn the 
diagram represent a compsoinlse. 

Preonure 

atm. 

TemjiCratuJ'C 

*K 

cal/gm 

^vap. 

O. 1P 
o.f. 
0.8 
1.0 
1.5 

P. 0 
3.0 
h.ö 
5.0 
t.O 

8.0 
10.0 
12.0 
12.73 

lr..O 
17.8 
19.7 
20.5 
22.0 

23.0 
24.75 
20.2 
'¿7.3 
20. 3 

3O.O 
3I.3 
30 h jc. e ** 

33.19 

103.(. » 
IOC.7 
106.0 
105.5 
IO3.3 

102.0 
98.0 
94.3 
O9.O 
Õ4.U 

71.2 
57.1 
33.O 
0 

• from f»li^u: usid Lange; nil the other valúen 
determine-) grnphicrJly i’roir RP 193^. 

M» lt!ng Tempi rature •« 13.75*K 
Normal Bolling 'Pfmn. -» i,0.3r)*K 
CrlU -ul T« iT.pcrature a Jj.iy' K 

ÏÎÊjJvJ? Te Mied: 
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soo:? 

HKAT of CONVERSION of NORMAL itíLHüOEl» lo PARA HYDROGEN 

(10* to 3OO"K) 

of Dwtft* 
WooUry, H. W., Scott, H. R. «nd Rrlckwedde, V. G., J. Rc3ffiroh 
Rati. I'ur. Ctundhrdu M_, 3^9-*<f!> ÍI9“-0 

Other Reference?»« 
Ef.ntt'ln, P. S., Trythook on Thrnrodynftmtrn, John Wiley and Son«, Inc», 

New York, N.Y. (1937} 
^ , m.— e.^«. 50 Lflnft (1930) Oinuque, w. K., J» ***• ' ' 

nimm tono, S., Texthook of rhynloal Chri?li'»ry, D. Van Nootrnnd Co., 
Inc., New York, N.Y. (19^) 
MacDouRftU, K. H., Thrrwodvntunlc» and ChrmUtry, John Wiley and Son«, . 
Inc., Mew York, N.yV (1939) 

Commenta: : 
The valúen for h*«t of converaion from pore to nomnl hyd^gen for the 
ideal pno ntnt.e «t on« atmonphere prrBaur« vm, «buaiocd by «ir6« 
uucwation. Aflounln« only U.e RJ'Ound «tate energy mokefl an appreciable 
contribution to the otate eriergy cumj then, 

H* - e: - 9/sr<r 

The heat of converuUm from para to normal hydrogen In the table of 
vaiara below la obtained by 

I [“• - rU ■ "'U 
Where: 

JI* u colar heat content, for a oubatnnre in ido;u. encono ntote. 
K* - E* at abnolute xoro when energy ansoelated with internal 

* degrtcu of freedom for each «olee”!« I» at ito lowent 
quantized otat«*. 

R m molar gau cono tant ^ # . 
T - absolute température (0*C •• 273«1,J E) 
g» . jj for a Buhntance in the ideal gaseous otate 

293.^5 
293.9"'7 

:03 

r/i.1/!*' 
293.^9 
Pb j.l'Aii 
Pbl.tOO 

ir i • ---g- • 

•k 

H«Mt of fonverelon 

cal/mola 

00 
yo 

100 
IPO 
190 

."JO 

29:1.16 
300 

247.023 
241.279 
232.079 
209.857 
159.385 

70.91 
33.98 
13.76 
I3.2Õ 

UK. i Ir ui«Ml: l. /iu/yf 
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5.003 

HEA'T of FJfnOtf of MEOW 

Sciure« of P>Ut CIubIuo, K., Z. phyoik. Chrir.., B31« ^59-7¾ 
- (193Ó). 

Conoput»: Othar valu«« of th« to?at of fun ion at the malting 
point temperatura available are 60,07 cal/irole * 
3.967 r.nl/m. (OugßenheiÄ, E. A., J. Ovo». Pnys.. 
l¿, 253-6 [19^5]) and 57-3 cel/mole » 2.839 cal/gm 
(int. Crlt. itibie* llÿirSÎ). 

Tîw boat of fusion of neon at the nwltlrw point 
Uirperature ii 80.I eal/aole ■ 3*969 cal/gu. 

The ratio of the heat of fu«ion to the heat of 
vaporization ßlvon by K. Cluniun ie O.I9I and it 
recccttfu&ed. 

J. K. Maoketttia and N. F. Mott, rroc# Phya. Coo. 
(London) 6>, 411-12 (1950) give a valúa of O.I36 
for fif/lty. 

m/hUr-r^.-.uecl: V-W 
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HKA? of VAFOFIfATIOIt of irEO* 

fiourc»» of Pat»I au.lu», K., *• P>Vjlk. Che«., 
.. du»lu», K., 1. p>cr»lk. Che«., (ivjoil 

Kane, 0., J. Che«. Phy»., X* 
t. 8. arid ISiökAt, M., Riy». Fev., HO, L21-V- (^93Ql 
Hithia», «., CrcÄMllo, C. A., and Onnt-a, n. K-, Oo^. 
reM., \J6, 939 W (1923)! ÄtHl.., ^ 
k.t at »! Gfr/tea, H. K», L*lÁ«n Cao., l6>. B (192?). 

CowMntat TWlue» *t 0*K ar» oalcwlated for heat of vaporltatlon 
fron Hau id «t 0*K #v.n though ths Utter does not «Jst. 
Other valo«« of the heat of vapcriwtlon ^ the oomal holl¬ 
ine point available are 20.5-9 cal per gma (flood, C. u. -ad 
Or Uly, S. R., Vv. Col. Inetr., PI, 357 (195?)1, ?0.6 cal 
pfr gran (Int. Crlt. Tablee (10?67), and 20.63 cal per gr« 
(Kt»:hlae, E., Crottwlln, C. A., and Onneo, H. K., U*-ea 
Coca., 162E, (1922)]. 

live Leldnn Thrsperature scale (0*C ■ 273^09^) de ue»d. 

Equation for calculating ths heat of vapori»«tlent 

L? • 1»3.56022 (7¾-T) - 1.7^3^7 (T0-T)2 ♦ 0.0371203 (t0-T)3 

vheret L is the We-t of vaporlsetlon, oal/f^ 
Tjjie the critical te^peratuit», K (‘»**.74TC; 
T la the tesçorature, ’K. 

Table of Cclected Valuea 

Tewpe rature Heat of vaporisation 

cal/cram 
•K *R 

0 
c 
0 

25-17 

P6.1S 
27.I5 
27.I7 
3O.I3 

33.09 
3U.OO 
36.05 
37.93 

39.00 
41.065 
«3.02 

0 
0 
0 

45.31 

47.07 
W.07 
48.91 
54.23 

59.56 
Ó1.PO 
64.89 
#jfl.09 

70.34 
73.92 
77.44 

22.20* 
22.20* 
22.17* 
21.36 

2O.96 
20.56 
20.6 
19.34 

17.'<7 
18.83** 
16.^3 
14. Ö7 

13.69 
11.26 
7.491 

* calculated ** doubtful 

:¡t:: <\u\'/ • »>/•* 
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5.001» 

USAT of TRANSITION ln SOLID NITROGEN 

Sou reçu of Dftt.at 

Cluslunt K., Z. ¡‘hyuUi ohcm. Abt. H¿, 1*1-79 Í1929) 

EucK«*n, A., Verb. <Vut, j)hyolk Ge». 18, k-17 (l9l6) 

Olnuque, W. F. and Claytun, J. O., J. Aa. Cùca. Soc. 55, 
4ÖY5-89 (1933) 

V ' - 

Conanrntni 
I . !■ 

Tho labio belov Hoto all th» available A/itft Of the heat 
01' ft -* 7 tiutuiltion In colld nitrogen. The beat valu» lo 
not knovn. Ibe a form lo probably cubic cloue packed and 
the y form io hcxa^oiial cloue packed. 

Table of Selected Value« 

Temp. 

•k 

Heat of a -* 7 Transition 

eal/g-mole 

35.¾ 

35.5 

35.61 

91.4 

53.6 

54.71 ♦ 0.1 

Kirf/bST luTiufd; TJijf'S) 

L — 

1 
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5.004 

HEAT of rUQZCy. of KITROOEN at the NORMAL MELTING POINT 

Sources of Oatai 

Clufllua, K., Z. physlk Che«. Abt. a¿, 41-79 (1929) 

Bucken* A.. V*rh. dsut. pliysik. G«a. 18, 4-17 (191Ó) 

Olauqu«, W. 7. and Clayton, J. 0., J. Aa. Chaa. Doc. 59« 
1*705-69 (1933) 

Comment«« 

■rhe table below lista all the valuoe fro« tha above 
references. An average vidua of 171 * 1 eal/gja-sjole 
at 63.I t .05°X is pn;baoj.y the beat value. 

Toble of Selected Value« 

Ter^p. 

•K 

h’cat of Fusion, AKf 

otl/c-EJola 

63.C6 

63.I 

^3.1^ + 0.05 
mm 

170.95 

163.7 

172.3 

KJ/f/iíbr iBüüed: " 
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HEAT of VAPORIZATIOH of UTTROCO 

Bourel*® of Dat»t 

FurukHva, 0. T. and Me Coa key, R. Ï»# líACA Taoh. Hot« 

Ko. 2969# 30 pp* (1953). 

Klllnr, R. W. and flulliven, J. D.# Buroau of Mlnoa 
Tech. Fapor Wo. 4s4 (1923). 

éoloçted Values 

Temp. 

•k 

rj 62.00 
^ 62.0019 
á 62.0172 

67.95^ 
67.9620 
60.00 
73.O913 
73.000? 

Heat of Vaporization, AKy 

Joulen/moW 

677S0 
6707.¾ 
6762.1» 

73.10 
77-395 
79.00 
70.01^7 

• 70,0153 
t 80 
l 95 
a 90 

95 
100 
105 
no 

5901.6 
5099.0 
5099.0 
5739.1 
5732.1 

5735.2 
5592.2 
5579.¾ 
5563.1 

5571.8 

cal/mol 

nil 
1266 
1213 

1155 
IOO6 
1010 
918 

115 
120 
1?5 
126.1* 

O03 
6U3 
320 

0 

* Critical point 

Kiil’/üÜT/iííij n/I./vj 

h"-.. 

-w 

. 



lEAT of VAPORIZATION of NITRCmCN at Ui© NORMAI. BOILING POINT 

S'JMi'oo of Datai PtirukftVRij 0. T« and McCoBkayj N. K»f R«A«C»Ai 
'Bach. Nota No. 2969, 30 pp. (1953). 

C^.Ttnantai Othrr vnlup«* of the heat of vaporization of nitrogen 
----- the normal bolllm«; point (77-35 ♦ 0.05*K, 1 atm) 

ftvnllahïe rre Jculcn/awlc (Alt, H., Arn. Phye. 
22, 739-Ö2 (190b))} 5593.0 Jouiea/mole {ArDistrong. 
0?T., J. Res. Nat. Bur. Standardt 26^-6 (195*0! 
and L. I., Proc. Am. Acart. Art» & JK'i. 60, No. 
4, 241-67 (1925)); 5900 Jouleft/mol* (Dowar, J., Proo. 
Roy. Doc. (London) AJ6, 3^5-40 (1^5)]i 5703 Joule*/ 
mole (Eueleen, A., Veri, firut. phyoik. Oes. 18, 4-17 
(1916)]} 557Ó Joule^/tbúlo (Oiauiiue, W. P. BrI Clayton, 
J. 0., J. Am. Chcm. fk>o. 4075-09 (1933)ll 5590 
Joulea/mole (Millar, R. W. wvl Sullivan, J. D., Bureau 
of Minen Tech. Paper No. 424 (1920)1; and 5010 Joule*/ 
mole rwitt, 0.. Arkiv. Mat., Aitron. och Fysik £, No. 
32, 1-13 (1912)). 

The beat value of the heat of vaporisation of 
nitrogen at the normal boiling point (77-35 ¿ 0.05*K, 
1 ata¡) available is 55y¿,2 JouleB/mole. Thiõ 1* 
equal to 47.707 cal/ga. 

KTC/bVT Inoucdi Y/jl/59 
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IfFAT of VAWRTZATION of LIÇITID OXYGEN 

íkwrcf of IVtlati Purukiiwii, 0. T, and M-CoBk*íV, R. E., NACA 
‘- Tnch> So*c 2969, (Judo-1953)* 

Cuiwriitoj There van no tabular data In the above reference. 

RW/ÜW I'nr.ueil: IJVTiï 
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5.006 

H.ÎAT of V/VrCWTZATIOH of AIR 

SoMiTe cf Dotât 
Din. F.. Tiiémortyr^wic Fvinctlona of Oaot-e, Vol. 2, Butterworth’« 
Scientific-l’ÄLicäiíonn, I-ondon (i^t»í 

Otiver Rcfer^ocea: 

CUitor, L. C. wJ Cíawford, D. B., Ti»n». ASM!? 885-895 (Rov. 19^9) 

Denn, L. J.» Proc. Am. Acal. Arte Sei. 60, ?Ul (19¾) 

Willlttu», V. C., Trnna. Asi. Inot. Chem. Eti«. ¿2, 93 (19^3) 

Conrwnt.» : 

Ti»« Intent hei»t of vnporisntion le unually defined for a cíñele component 
end i « the he»t required to completely elian««; a Riven quantity of liquid 
at itn bubble point (bolling point) to vapor at Itn dev point at constant 
temperature arvl preneurc. However, for U» multicomponent system tabulsted 
below only the presKure remains constant while the temperature risec 
throughout the process. 

Tim dnbi of Din is baned on the work of Dana. The data are given at the 
temperature and pressure of the saturated liquid (bubble point). 

Heat of Vaporisation 

t 4 
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5-»07 

icj\T of nwi. mon of r.0LiD cardon monoxide 

(a to Ö form) 

Souri'** of Di«in: 

Cluelu«, K. wrl TÄeke, W., Z. phyalJc. Ch««. b6, I3?-151 
(ly-v) 
Cluaiua, K., Z. phyBik. Ches. D¿, ••l-T? (!9?9) 

iuck»n| A., Dar. «laut, phyalk. Caa. lfl# 4-17 (I916) 

Clayton, J. 0. aM Olauiua, W. P., J. As. Qiam. Soc. 
2(j10-<*6 (1932) 

K&laher, P., Z. r-hynlk. CIäs. B^o., 273-00 (1930) 

CumrwntB : 

B^at vnlue la cruaWared to ba that of Clayton and 
Glauque• 

T&bla of Values 

haferanea 
Tfm])*ratura 

•k 

Haat of TronaItlon 

tíãl/gfl-mola 

Clunlua 4 T'eka; Cluaius 

Eucken 

Clayton mvI Glauque 

Kalahcv 

61.5i 

6O.4 

ßl.55 t .öt> 

Cl. 49 

151*2 

144.1 

151.3 1 1*0 

lr,0.9 

■V- 

YMï/.;iir I:.. u7m1: ijwjv) 



5.0tf7 

HEAT of FUSION of CAHHOH MOnnXJDE 

Sourcen of Data: 

Cluslua, K. «nd Teak«, V., Z. phyclk ¿'hen. ß6, 
(1929) 

Clvniua, K., Z. phynlk. Chen. D^, ^1-79 (1929) 

Euekan, A., Her. d«ut. phyalk. Gee. 1Á), fc-17 (1916) 

Clayton, J. 0. and Glauque, W. f.t J. An. Chen. 3oo. 
SU, PÓ10-26 (1932) 

KAietov, P., Z. phynlk. Chen. MO. 273-80 (I93Q) 

Cuir¿vr,ts ; 

Beat value la conatdered to be that of Clayton and 
Glauque. 

Table of Valxiea 

Reference 
T"rnpei,-ature 

•K 

Heat of Fusion 

cal/gra-mole 

Cluslun & Tankej Cluslua 

Suchen 

Clayton cund.Glauque 

Kalahov 

60.?2 

67.3 

68.09 t .05 

68.10 

201.5 

I9O.2 

IO9.7 t 0.2 

2OO.9 

ffîvfîîïï I -su.'il ¡/ill';') 
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S.OOÏ 

llWvl’ Of VAlOKIiATlOH Of CMüiüiJ MulíOXIDE 

no'trcfr- ai üntni .vm «v; 
-a,r-0H, .i. 0» and oiauqur, W. F., J. Am. Che», hoc. .OlO-.o U^) 

Clx-.íu::, K. and Tonke, W,, S. ph.v«..'.k. G.en. hO, IV-V* (W) 

Eu-aen, A., Her. dcul. pí>yülk. Cea. i*>, ‘♦-•L/’ (1‘>1'i) 

Kerlen, «., IU.ektroche», ¿i, (W1*) 

Gommrn^^ ^ ^ tollQvinr, elation to calculate the heat of vaporisation! 

Itc - T Vo 
/■Jlv ■ (^H*,)o îpc"j 

. heat of vai*rltatlon at temperature T , 
(¿11.)* « heat of vaporisation at 0*|J ■ cñXIV* 

T a critical temperature ■ 13*» K 
TC « temperature In question, *K 

•Sie molecular vcl^ht vas token ** ?h.01. 

-ruble of Values 

I<o ferine* 

Ci-ipton 

Cîa; lus 

Cr:v clin 

Eue’íO.n 

r.crle'- 

Tcripc roture 
*K 

Obf.erved /11^ 

P.1.61-0. 

0 

m.a 

81.5 

93 

103 

113 

1^3 

13** • 

lh**31.0 C..l/ ?n-n««le 

cal/,pr.-.v,clc 

l*ilt cril/'Ti-‘*ole 

51.r. Cal/cn 

1*6.7 " 

*»2.0 M 

36.: - 

'»f* r 
ë. •• . 

Calculated ^11., 

100*1.6 cul/jm-nolo 

51.V jal/cm 

*»6.8 M 

1*0.8 " 

39.1 " 

29.6 M 

• Ibu U.V U» acepté rrlttcl it 132.91'K 

n^r- "r'“37 7/ti rr* 

*»'4 



HEAT o.* SUBLIMATION of CARBON MONOXIDB 

Scmrc» of D«U: CUyton, J. 0. «ni Q1ûu>iu«, V. T., 
“ J. Ao. a»m. Coo.. 54. ?6i0-?626 

(1932). ^ 

CcBiTientii At 61.55*K th* ¡■«■at of sublio&tion la 
19<?3 cal/g2i»moLj. 

iOT/LUI Ïu»hi*ù: 0/1*759 
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*»4* fc 
^).008 

PHAi>E TRANSITICK HEATS of rmuKINB 

Source« of Data: 

Hu, J. H., VbU4i, D. and Johnston, K. L., J. As. Chea. Seo. 
J¿, 5642-5^5 (19«) 

Roflolnl, P. D. et. *1., Ret. Bur. Standard« Clr. 500 (feb. 105?) 

Cowwentst 

The nliaolut^» t*mjw*rature oeale (0*C * 273.l6*K) vm usad in tbs 
table cf sfiLectcd vuluua Uiluv. 

Tranoition 
Temp. 

•k 

Transiticn Heats 

cal/rn 

Solid Tmnnitlon 

Pu i. ion 

Vaporization 

^5.55 

53.51 

05.21 

•*.575 

3.209 

39.720 
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HKAT of VAPORIZATICM of FIUORINE 

Source of : Frickc, F.. F.# Report Ho. F-^0?Q 101 
ATI 121 ir>0, Hepubllc Aviation Corp. 
Farwlngdaie# !>• !•# Hev York* 

Table of Selected Value* 

Temp. 

•k 

O5.25 
90 
95 

loO 
105 
110 

115 
120 
125 

130 
135 
1>|0 

IW» 

lient of Vajorlaatlon 

cal/fCB 

39.73 
3O.47 
37.04 

35.52 
33.94 
32.1Ô 

30.26 
20.13 
25.73 

22.86 
Ip. 29 
l4.ij 

3.55 

KKH/JHC inbiieiil //^/59 
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5.009 

PIÍ/J3E TRANSITION 1ÍEATC of AJCON 

Soupgga of Onto; 

Rucken, A. and Hnuck, K., Z. phyalk CTiem. IjU, 
101-77 (193^) 
Hat^inhlma, A., True. Phyn. Math. Goo. .Tnjinn PJ, 
977-03 (1941) 

ßtnvelt-v, L. A. K. and Tupaan, W. 1., J. Chen. 80c. 
(London) 3597-3606 (1950) 

Whalley, E. and Schneider, W. G., J. Chen. Fhyn. 22, 
1641*-50 (1955) 

Cotrjrontui 

Evtckcn and Rauuk determined the heat of fusion as 
6,640 c«l/em at a œcltlniç point of 03.55*K. 

Wliallcy and Bchnelvler calculated the heat of vaporitation 
ac 08K, includlni? rero-point energy as 50.02 cal/gm. 

rfZfiFR—iT.^ûriTïw 
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IW.K THANÜITI0N lEATO oí' MKTllANK 

... 

: 

Sowrorc of Dnta: 

Ronnlnl# K. Î1. t rt al., Crlectoil Valuer) of ^lynlcal nml 
T>i»‘i-tii«)>lyr««',.l(? Pr.jwrl.jpf. oi' liy>lr<JC,ftl•^■on:^■ nn.l K<-]|>i.«yi CompourulB, 
CumeaLc ¡’ivau, yiLluljuryJt (lï'yl) J*O, bO1), I'fO 

Wliffcler, :T• A., and Crm:ion, C. V., rhyn. Kcv. (lÿ3'f) 

Other Rrf>r»n'?t?n: 

Katnrnl Gonollno Supply Ken’« Anouc. Ktu:*i;rerlnK Dntn I'of'hj 
Yth Ed. # "Mlnu (I'J'jf) Jjp. 135# 13» 

Fociflc Connt n. 1 Amcoc. , Cac ^nglm-er’o Handhook, ficCrnw Ilill 
Hook Co., Inc., New ïork (I'jTT p. 3/0 

Table of Selected Values. 

Transition 
Tj’unr.ltlon Heut» 

Courca 
cril/|.?n HTU.lu 

Valorization . 

Funion 

’.olid Tram. 1 LI on 

ll'l.ü/ 

Ik .03 

0.97Q 

av.P? 

2^.2** 

1.7Í* 

Roitfclnl 

Root. Ini 

‘.fnee 1er 



.,.000 

HlAíiF. «iUim-RlA nn.J TRANHITIOM TlWl’KRATUKRS 

o- CRVOOBilC KLUIDG 

CONTEfiTS 

Convorolen Factoru 1‘or Vapor l'rciiiture...ó.OOO 

Vapor rrí..aur» oí Liquid Mrllutn.... 

Vapor I’rrr.ourc 0..11.1 llytltY>¿'en (iiuiiii.J. pira).0.002 

Vl.jKJi' rif.,üUJC <jí* Liquid 51j.ù li vttoiwvl f.li.l j.úrti^ i..................0.002 

Moltlnèi Cilive for Neon (temprfuture vk, pmir.urc)...ó.C^j 

Vapor Prepiiure of Sol! J Noon.... ....C*003 

Vapor Prcnourc of Liquid Noon...‘....C.QG3 

Va|)or Preamiro ct* Neon luotcp?«...6,003 

Phuuc Tronultlt-n Twiii»eruturec cf Neon (including crltlcnl conalanta). .C.Ò03 

Melting Cu I’ve for Nitrosen (tomp<* mturc vn. pivucuro)....6.004 

Vapor Preßßurt* cf Solid and Ll pild Nitrosen...6.004 

Vapor Preuerr» Kquatlonn of Solid Nitrogen.   6.004 

Vapor Pretuiure Equation.'’. Of Llqiil>l Nitrogen.   6.004 

Phaiie Tranalllca Tcmfierntnreo of Nitrogen (including critical 
conalantu)..     .6.004 

Molting Curve fur Oxygen ( tempe ru tu it* va, preonure)...(-.OOS 

Vapor Pivnuiire of Liquid Oxygen (Nelow one htwonphere)......6.005 

Va|x.ir Preauuri of Liquid Oxygen (q.iovo one ntrtiôupherc)...6.005 

Vapor Precrun of Air ( ;;a tu rated liquid and i;atu rated vapor).«o.OOó 

Vapór Pjviiuure vf Carbon Monoxide (¡»elow out* almoiiphere nnd above 
one Mt,n>oi;p|ieiv)..........o.OOY 

Vapor Preonure E^mtlono for Carlton Monoxide.o.cjOY 

I'tiuric Ti'nii.l ï-.-. Temjtcruturc:. of Carbon M«'no.v.lde (including 
eritleal conr.tantr.).   6.007 

Vapor Prconunc cf Llipild llwor:ne................6,008 

MtH.lii»'. Curve fur Argon (temnoraturo v:¡. preuuuro).t,.(X)0 

1*11üt <• Tci..pcratuiw» ui n/.uii 

Meltlm; Curve .• •* Me üiatie (1,.-(:1(-.-1-1(111¾ •/«, per " it) ..... 

/ 11 io I Px*4'. u r. .., 1 iw 1 1 *i l.i '1,biuie....................1......1-.-1 - .1.,6,010 

Vtijvtr Pro rurr . 1.1 piJd MeUianr ...... ,fi,o 

l'î.a. e Tivi(i ;lt' T* ii.pi ral un* of MetJi-me (includln,' crl I leal 
•<.e. taul-o).. ...?.. ,6.010 
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CONVERSION FACTORS for VATCR TflESSUHE 
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VAPOK rw^nimB «:' ijq'jid hkihjm 

pfHiroe of Dnltu 

Clrntca*. J. H., ^ ^ • » ^‘v* 2Í5Í* ^J"1* (0t,t * W>) 

Other IteiVrtM.ecn: 

Berm»»n, H. wvd Hwenron, C. A., l’hyn. IV.*v. 2¿» No* £* 

Krlckuon, R. A. and fW.erl», L. D., rhyo. Rev. 2i» 957-^ (Mnr. i^¡0 

Grntch, ö,t Tran». áPMK 'jO, ójl-ko (Auk* VjW) 

Van Dijk. II. and Durieux, H., i» inlnvc jhj^ica, 
Vol. II, North Holland PubllnhTn« Co., A«wlerda», TIic Notheriaadu, 
(l9i>7) '»GO pp. 
Van Dijk, H. and Ühoenbarg, 1)., Nature, (^.y 19^9) 

Worlry, R. D., Zemanaky, K. W. mid Rroonc, II. A., Phyo. Rev. N0* 
(jfin. 195^) 

Oonronnins 
'Die Abnolute temperature tcale (0“C *• 273^1^^^) vmu uned in the table 
of »elected valúen below. * 

r>l'M/o/Ü< t'-.i ñ« d: ïTïlffi 
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TEMPERATURE , *R 
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.1 

YAPon rnzGEin1' of eolio htdroodi • 

(Somai and Pam) ( 

flourc» of Datai 

Woolley, H. V.. flcott, F. B. and F. 0., J. Äoaapoh 
Natl. bur. Otar.dJLTdn BP 1932 ^1, 379 

QlLar Rorartiocea» 

Qeur.lng, F., Z. Phyolk ]»0 , 775 (1926) 

Kmiouw, W. H., B1J1, A. and Van dar Borat, H., Coawura. FfcjT«* 
Uiiiv. Leiden 21J« (1931) 

MartlDot, J. P. and Onneo, 3. X., Coawuoa. ITiya. Ltí). Unir. Ulden 
l^)b (1922) 
Bcott, R. B., Brlckvedda, F. 0., Uray, B. C. and Wahl, K. 3., J. C&ea. 
Phya. 2, (l?j4) 

Co—aatn: 
üña toixforances beiveen the hjrûrofcat» rapor pransum data 

reported Uirouift 1934, and tb* *ore recent work of ti* KTtfJ 
atea principally from the tenpemtum ncalaa u.ied and the uncertainty 
of tha ortho-para corp.'-íltlon. The ï<C3 work lo baaed on the low 
twjvíratum «cale ectahltoaei at the Kuttonal Bureau Standard» and oa 
known ortho-para cooperitlone. 

The curve for normal hydro wen la represented by the equation« 

honanl hyrlrotfsa (7Vi o-E,» 

loeio P (•* n«) ■ 4.56400 ~ + 0.03939 T 
and for P0.4*K eqolllbriu» (Para) by«m>ti*n (99*79)1 p-Eg^ 0.21^ 0-H2): 

loejo P (na H«) - 4.624JÔ - ♦ O.O3Ó35 T 

Tr.blcr. uf Lulc-ctcd Values 

r.»rn Hydr^rn 

Temp. 

•k 

Vap. Pivoo. 

mi »Jß 

10 
10.5 
11 

I.?? 
1 >S 
j» 

5.62 
11.5 
12.0 
IP.25 

6.99 
13.9 
I?-'>4 .. . 

I2.5O 
12.75 
13.OO 

po.O 
ot 1 a. / e X 

BorKftl ¡ly«! ..■¿.'rt. 

Temp. 

•k 

Vap. rrenr.. 

If rf 

10 
10.5 
ll.o 

• Tl 
+ * % j 

3.04 
‘.w . 

11.5 
12.0 
12.2*-. 

^1.19 
12.7 
1‘..6 

I2.5O 
12.75 
Í3.;« 

I3.95 

li.l 
:»3.2 
.7/.51 
54.O* 

# Triple Point 
< 

KW I. in*-,!: Y-V'-V* 
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Ú.OO? 

VAH R ncr<r>lfKK I>f M^UID UtDKOŒM 

(NorMÎ 'xr.l r»rnî 

0-,,,p«,.« of Puiu! Vhlt^, m^drnn und Joíihtt.«n, J. Am. Ch«m. Soo. 72» 
-n^TT-Sn Ci«. Ä « (««»1 «;t.J»*. ÎUÂJ. 

ricnfiirch r<ip*r HP 1932 *1. U^Oj Ki-ll«y, K. K.» U..*. Â'r, .tinfa mil. 

¿«3, t-ü (193^)- 

oth/r lioftfr«lient»i DonlKWffer and JîaMirwiun. JJ.» 321 (W?)). 

Comento! Vapor rmnaure daU on li4Uld Rydronnn dnlno b«c* lo 
-"TP.U ctudira on ’ho vopor ».r.onuro of IMuld jarn hyd,«or« arrived 

it ov Bonhoeffur nnd HwtrcK. Rnttv-r wide varUtlonn 
cf Various authoro both «Worn a!,d nftor th» dluciwnry of Uio two iorm« 
hrdro.»en. In order to c mp» tat Un thocc dl.organe leo, ^lc“ 
ohowlna vn.ues for il* two forma from the eoveral Douroes. Knllny n valu... 
ver* calculo ted from the follcwintt on'iotioiiBi 

^1.1¾ 
hor'^l Hydioftn loff10 1‘am • - ♦ 2.^0¾ 

J ara Hyho^en l°8io ratm * " ~x + 

White, Friedman and Johnnton, for t»io vn^r proo.urc of liiiuld normal 
liydrotjen, uoel t»w enuatlon! 

log10 P.VI « 3.0^201 - * 3.1202 X 10** T ♦ 6.6909 x 10J‘ T2 

The NH1 Report HP 1932 xlvnu t»ie followlriR enuatlona« 

Normal Hydro^rn Ic^jq hr + -0^537 T 

Para Hydrocen lo«10 ■ ^.6^392 + .02093 T 

tvra hydrogen refera »•• e.ji.lltbrluiu ).,nro.-...-11 whl-’h nt 20.li*K la .213 nrtho 
,.,,.-, 94.79* j-ira and -i* Î0*): Is 2.?H ortho and 97»02/» pnra. 

CompirUo., u* Selected ViV^* of Vapor h-cnoure 

Temp, f 

Y. 

N.inaxi Itydroj'.cn (Atm) Para Vydr^ccn (Atm) 

i'l 
16 
10 

ro 

J 

ir. 
3'-» 

3.-.067 
«• .p.:v)J 
0.1 »in 
n .1^^1 

. Tabulated I f c,M'-rl- n ,-ir|' "‘ly- l^'1 rrr.rnr.-nd.-d r-,r um-. 

|t ,. ,.,...,. f, • . ..:. . • • • • :4 .. levaoure pmrm ttjrtrojrn 
I , ‘ I \A s -^. >|| <1 ti .r-»-1 nylrxvh Hi 1,.,1.:1 u.4 i.-.i 
r i| 1 r< • -r.-. data. 

7,-:-- 

-■ - 

Í-.' 
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MELTING POINT TKMl’KHATUIK of NEON 

Poorye of fat«: 

KtUnf P. L. Knd Orilly, B. R., Phy:. Rev* 22/ ‘ LO-iXi (1955) 

Othwr )V»r«T»nc»»fl: 
Kfpuoo, W. H. and Lin «win, .7. H. 0., Ppoc. Acud. Scl. Amoterdam ¿6, 

370-íXí (1933) 
^iniou, P., Fi'hemia, M. and kdwuidu, W. A. M., |4»yulk. Chem. Abt. 
TUS, 331-½ (19W) 

C&nwnta: 
The foliovinß equation vaa derlved^vlU* 37 santal pointn covering 
a preenure m;we of 0 - 35^) ’.«g/cm*-. 

p • a bT° 

vheras . „ 
p 1«i the preufture In kti/cs^ 
•p 1b tho température In *K 
e, b nnd c ore conntnnts 

For Neon« 
a . -1057.99 
b « 6.209^15 
c - .1.599916 

Tho graph on the preceding page and the following, table were prepared 
by ufrlng the utiove equation luid converting the prcujuroo to r.tcu> nrd 
atoioopheres« 

The data of Mllln and Grllly are «mn* reliable than that of Simon, 
et. al. since the neon In the latter cane who not pure. There lo 
good agreement between the «lata of Elllu «xnd Grllly and that of 
Keehorn and Lie «nan. 

Tabla of Calculated Value» 

FYeuoure 

atm 

0 
io 
tti 

30 
to 
50 

60 
70 
fio 

GO 
irm 

pria 

0 
. I mm 

V'I 

Mil 
tun 

739 

fifi? 
1029 
117o 

i <?j 

Li-'" 

Melting Foint 
Temp. 

•k 

24. ?7 

*4.92 

?♦ .n? 
r..2i 
**•. jo 

»5.51 
25,65 
i"} .70 

2/..0-/ 

rreanitfe 

atm 

110 
a /V* 
Xi'* 

130 

140 
VO 
ViO 

170 
l‘tt 
1«#0 

pnla 

1617 
At*** 

1911 

i.-o-ifi 
?POS 
?3*,? 

p'too 
;v,).o 

IT» 

;*#'.* » ; 

Melting Point 

Temp. 

•k 

1 

P6. pU 

r ^ 

06.67 
26.81 
26.96 

;7.io 
Í7.01* 
27.3f» 

?{.'■? 

U/íyiii/i' i T“/; 
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6.003 

VAPOR rWïiÜUHK of SOLID NEON 

Cromewiin, C. A. and Clbeou, R. D.( Vcrola« Aknd. Weteutchap. 
Amutcrdom )73"^ (1977) 

Krescm, V. H. w.d Haantjea, J., Phyulcn Z, >*Co-2 U93b) 

Cocmmla: 
The calculated valuea lu the tabulation belov were computed 
from the following enuatlon: 

log^o P • ** + 6.042¾ 

where p lu In cm H« nod T la in % valid between 15* and 
20.5*K. 

Tump. 

•K 

. 
Preoaure 

cm Hr 

Tt-n(p. 

•k 

Preusure 

cm Hr 

15.00 
15.0GÔ 
15.119 

15.928 
16.00 
16.165 

16.933 
17.00 
17.26a 

17.971 
18.00 
10.1¾ 

ltt.586 
IQ.00 

1 10.151 
L_ 

O.O39* 
0.046 
0.048¾ 

0.107 
0.114* 
O.I3O 

O.D67 
0.292* 
0.379 

0.670 
0.678* 
U, 1 JU 

I.07I 
1.44* 
1.685 

i_ 

19.455 
19.792 
£0.00 

2O.3I5 
20.40 
20.45$ 

21.85 
22.25 
22.67 

23-47 
£4.00 
24.25 

24.51 
24.53 

t . . 

I. 064 
2.Ü83 
2.8J4* 

3.67* 
3.795 

9.1 
II. 1 
14.0 

19.5 
25.O 
27.9 

31.5 
¿I.? 

_! 
* calculated 

KDT/IsDT ïû:;ued: ‘j/Fti/vJ 
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VAIXiR rRFSnURF. of LIQUID NF.ON 

Sonega of Dntu: ' 
Mfti.hlsH• E*» CroiJiwlln, C. A. and Onneii, H. K., 7th Congr. 
Froid, ipt Conn. Intorn., Reppartc et Commun. 12¿o, 9^- U930Í 

Verachaffelt, J. E., Comunn. K/unerllngh Onnea l^b. U».. ^Iden, 
Supple. No. b^d (1929) 
Yendell, E. F.» Proc. Cryogenlc En«. CoJif. UT-t1» (19i>9) 

Other Pefert-ncea; 
Cath, P. 0. and Onnea, H. K., Proo. Acad. Bel. Aanterdiun 20, 1160-2 (1918) 

Crommelln, C. A., Rec. travo, chía. 42, 8l4 (1923) 

Mathlao, E., Cronsnr.'lln, C. A. and Onnea, H. K., Couipt. rend. 1J¿, 933 (1922) 

Mathlaa, F.., Cromraelln, C. A. and Onnea, H. K., Con.pl. rond. ÎJ6, 939 40 
(1923) 
Onnea. H. K. and Croiwelln, C. A., l^oc. Akad. Wetenaohappen ifl, $15-20 
(1915) 
Onnea, H. K., Crommelln, C. A. and Cath, P. 0., Froc. Acad. flei. 
Amatcrdoa 3¿, 10$9 (1917) 

Coreante i 
Verachaffelt'a valuea vtre experimental. Yendall'* value« vere calculated 
from an cjuation of state. 

Verschal'l’alt presente the foliovlng vapor preasuro equation: 

T login P ■ 28.100 4. 36.00 (T-35) ♦ 0.003333 (T-35)2 
1 ♦ 0.000400 (t-3$)3 e 0.00002667 (T-35)4 

where T la in *K (Leiden *c\le) end between 2$* and yi*K, and p ie in ata. 

Miithle-9, et. al., Hive a criticai, point of 44.38*K end 26.04 atm. 

The leiden temr^rature ecale (0*C * 273«C9*lO !• used in the folien ing 
table• 

VrreCsuiffclt Yendall 

TVîrip. 

IV 

Prcú«. 

nuitt • 

24.90 
24.90 
24.(41 
24. '// 

25.27 
25. (0 
29.76 
26.43 

0.427 
0.4^3 
0.461 
0.4yi 

0.640 
0.9930 
0.040 
•3.7950 

Temp. 
m*0 

«V 

Presa. 

aun« 

27.17* 
29.69 
32.69 
34.70 

36.26 
37.61 
40.18 
42.16 

i.OO 
P.X) 
4.00 
0.00 

Ö.00 
10.00 
19.00 
20.00 

.V 
«* 

• Nf-mal boiling Point 

kFíTIííjt WyJ 
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6.003 

VAPOR PhTSSUHE ot NEOH Ï50TOIT3 

Sourcí»» of DatAj Krí^ecn:, V, K. utvl Huur.tjeô, J.t Proc. 
Acod. Gol. Amhtervihm 18. Ö10 (I933)l 
Phyaloa 2, 980-99 U9I?). 

Coreen ta t The above reference give* tublea of vapor pretaure 
uo a function of temperature. 

Tbe vapor presnure of Bilxt'irei may be calculated 
from th/* relation» 

P sdxtvire P20 ♦ 2.73I X 
.20 where p¿Q Is the vapor pressure of pure Ne and 

22 X 1« the molar content of Necc« All values of 
vapor pressure are In ea Rg. 

¡'.rTTÏÏrrf lüüuod: 075759 

s 
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6.003 

PRASE TRARSmON TEMPERATURES of REOR 
(Alao Inciv. tea Critical Contanta) 

Sources of Data: 
vPlt{cal Point 
kith In :i, Ë T Hui Crotmriln, C. A., 7th Con^r. Intern. Froid, lat 

Conw. Intern.# h.ii<porií et Cownun. ^G-IQ? (10)6). * 

I»orrn\l Bolling Point 
WllTuá, ¿. uni ¿rorrrieliTi, C. A., Froc. '*th Intern. Conry» of 

Pofrlfi. 1, 09-*O6a (192^)5 Mithlaa, E., Croimnelin, C. A. and Ounce, 
H. K.t cãsssun. Riyo. Lab. Uaiv. Leiden CoccAin. Ko. l6'¿b (1922). 

tfalUna. £giat. 
Crutunelin, C. A. and Glbocn, R. D., Court. Fhye. !/ib. Univ. 

Leidrn 10>b. 

Trii.'Te Point. 
Cromiclin, C. A. and Clbaon, R. D., Cor»». Phya. Lfib. Univ. 

Leiden 185b. 

Table of Selected Vnluen 

Property 
Pruubure Temperature 

atm pnia *K •rt 

Critical Point* 

Bolling Point 

Meltiny Point 

Triple Point 

26.84 

1 

1 

0.4257 

394.5 

U.696 

14.096 

6.256 

44.30 

S’/. 17 

24.57 

24.57 

79.08 

40.91 

44.23 

44.23 

* Critical YoUutíq • ,l2 ent3/mole 

Other Refereneen; 
Critical Point 

"tfiriiouu, u. i*., J. Fnjru. und Colloid Ci»em. ¿¿i Í6ÕO-7** (iy^ô)? 
Kcvãõui, W. H., ûuimo-iu»l»c'urIf L 1022, Üÿ-iOj (Ty^P)} OniMtn, H. K., 
Cronmelln, C. A. an<l Cath, P. 0., Iroc. Acnd. Scl. Anatteixitun 19, 
101)8-62 (1917); Cronraslin, C. A., Iliynik. ñrr. 1376 (lypii); 
Mathias, E. and Crorrelln, C. A., Pror. htb Intern. Con.tr. Hefrlji. 
1, 89-106u (192*1); iicrz, il., Z. Elcktrochcm. :v.), r)27-30 (1923); 
Lcnnnrd-Joneo, J. E., Proc. Hoy. Soc. (London) IIP, 214-29 (1926). 



o.i*03 

FHASK TRANSITION TEMIF.RATtJnES of NTf« 

(Cont\nut>4) 

-si^rlrs^r’iv». i conoid civ«. U9W)i k»-». 
W. H., Cunee-Ksst*e)irIft IW, C9-10J (IW); Ker^xn, W Phyelk. B^r. 
•s 613 (19^3); Billig» K.» i*r. '/oh, 157-oi (1937); Pur^on, t. F‘» ct; 
^rhenoineM at the Temperature of iJtiulJ IR-llusi", A.C.P. MonoHJRph Serie*, 
No. b3, Re Inhold rubl. Carp., New Y<uh (19,'°); Onneo, H. K., IT.-æ 
Wet-wachan^n liî,507-15 (1915); Cw.^nh^lm, B. A., J. CT»em. Phy*. 
253-6 (:i9:‘5)j cIuBlu», K., 7.. nett »\ftltclr.i 3^. 91*-! ()9J2); Hood, 
Or Illy, E. R., Re». Sel- Inctr. 2%, 357 (195¿). 

AX*d. 

0. B. Hita 

Honnnl Melting: Point .v 
*cTuVíi¿7kT, ¿rphyulk. Clie»«!!, ^59-7^ (1936); Clunlua, 

phyílk. Chem. B*», 1-13 (1929)* 

K<, Z. 

Triple Point , 
MuUiïaft, B. Juvi Cmmk’lin, C. A., Pn*;, l*th Intern. Congr. Refrlg. 

1, 69-10^4 (19^)3 KeflBotr., W. H., Onnen-Feotr.chrlft 1W, 09-163 ( 19^-2)| 
Keeeom, W. H., Piyalk. Der. Jj, 613 (19?3)» Ou/^cnhcltn, kl. A., J. Chem. 

Phya. 1¿, ¿>¿-¿ (19^5). 

Conrient* t 

jjenaon glvet» * vnlue of ?6.9 ul iwopherer. ( 760 tjo Hj) for the crltlcul « 
prenauro and for the critical temperature. 
Keedoni give* a value of fii.HC Internatlonat atiamplwreu (75*9529 am Hg) for 
the critical pre■ nure ao-l -21.^3..lb*C (*•*».7^*K) for Uic critical température» 
Onnca, Crormnelin and Cath give the ear« valurc^ 
KVit)><ae and OY>r.3!«lin a.3 well a« Herz »i.6C ar:i».e on the critical preoaure 
but give values of and ^k.39*k respectively for the critical tecüp- 
erature. 

Tba critical vclurr of't? crsVs-.-aíole taken froc, *. pr-rrr by V. V. Hcuae 
arid .T. Otto, Ann. n>y*1k (*,) 2, 1012 (10?}). A value of Ul.»i cmi/wr-mole 
vou quoted by !.. ficharon, Ihy^lk Z 32, ( lf»u) und u value -.;f kl.7 
cm3/vm-niole waa given by E. A. Oiu*. * nein, J. Chen, Phyr.. 1¿, ?53'J (19 5). 

* m— % m m •**%•• + 
i\ vA ▲ilB. A V* va*A»*a» 

1 rit\ «##•«« ,a4 «•«»•« K*» 1 . ( 1V)4() • ^ frtl* t»K^ o- * * *• - -- % • 

LIe. k. Wohl, Z. Physik Chem. Abt P, 2, 
I c »c . 
Onnen•Featsclir 1ft, W (1922); hyr.. IV?r. 
valúen of 3-27J3 arJ 3.24M rci.¡<ctlvely. 

77-111* (1929) and C. A. Cromrnelln, 

It, ¡02 (192]) give ccrreuponding 

bivAter, 0. and Sturkwtath**r, Ir<>r. Hut. Acal 
value of 20.Jd2 fur ^he p»)lecultir «ei..ht ol 
the literature ranee frum *■> 
See: E. Mnthloa, (1 len-Kenti eJu lfl</ . »h ( 

3. W. Henson, . llty;* t !J“llt i1 
¢.. t hyaia ... 7' * •• \ i > . 

. Sel. It, ' 0-57 (I92R) give a 
Noon. Cther valuer f<nind in 

V,;v); 1 hy . i»;x . à, 7,r’l-2 (19?3Î 
looo-yi* 
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MKLTINQ CURVE fur NITHOGEN 

3ourci»n of Data: 

Mi lin, R. L. und Grllly, E. R., Phyo, Rrv. 99/ ^o. 2, U10-6 
(1955) 

Rubin ¡ion, D. W., Pruc. Roy. Soc. (London) A?2¿, 393-^05 (195¾) 

Çont.irntqi 

Mill« and Gi*llly davlncd tho follovln« etuntlon fron ?6 
r/TperiBiental pointa: 

p » -1630.30 f O.97Ó7PO T1,791000 

vtJni'n p 1o In kg/cB^ and T 1» In *K. Tlie ran*/*» la froa 0 to 
3ÓOO kg/cw'. 

Th* following tubulated data la fron RoMnaoo. 

Table of delected Valueo 

Prisnure 

utm 

MoItlog Teep#ratura 

•k 

1 
1000 
2000 

1000 
lOOO 
'.000 0 

6COO 
7000 
flex» 

yooo 
9100 

inonn# 
_ . __ 

63.1 
02.9 
97.5 

111.0 
123.5 
I35.O 

1**6.5 
157.5 
I69.O 

17«. 5 
179.5 
ion n • ✓ - • • 

* extrapolated value 

Ki/J’/bni iTiiueü: ,/13/59 
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VAl'OR PKWinUI® of SOLID and LIQUID NITROOEN 

SouirgJ of Data; 

Hoge, H. ■]., J. fani’Arch Natl. Hur. Ktandardu 4¡*, 321-^5 (WO) 

lioRef H. J. and King, 0. K., I.'bS - NACA Table of Th.-raal ProiHiii.iea of 
Oaoen, Table 11.SO (July 191-0) 

Keruoic, W. H., Onneo-Feutuchrift 1^22, 09-103 (1922) 

K«p*o<n, W. H., Hiyilk. Der. Ö13 (1923) 

Mntbla«, K. and CrowmeJln. C. A., Proc. Fourth Intern. Congre«# of 
Rngrlgoratlcn 1, Ü9'10-d (1924) 

CowF^nta; 

The data from the above refermera are In quito good agreement. Hie 
deviation lu generally 0.4^ or lena. 

Table of Selected Valuta 

0 CrItlcfil Folnl# 
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a .or.i* 

TEMPERATURF., *R 

500 

400 

* 
a 

300 
UI 
QC 

CO 
CO 
Ui 
cs 
a 

• cs 
o 
a 

200 < 

100 

•- •- *. *- 
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6.00ii 

VAPOR PRi^EirRE EQUATIONS for SOLID NITROGEN 

Source*! of Dnta: 

Crtth, P. 0., Proc. Acad. Sei. AiMterdui 21, 656-63 (I919) 

Senning, Z. Physlk 1*0, 77?-85 (1927) 

Hog«, H. J., J. RüHiífluvh Natl. Pur, Star,darda ]A, 321-1*5 (1950) r - r 

Eoge, H. J. and King, 0. K., NB3 - NACA Tablea of Thu mal Properties 
of C&aen, Table 11.50 (July, 1950) 

Kceuca, W. H., Onneo-FcotBchrlft IpêS, 89-I63 (1922) 

Xecsom, V. a., Pnyelk Bor. U, t»13 (1923) 

Math lau, Ä. and CrCTmeUn,C. A., Proc. Fourth Intern. Congress of 
Pcfrlgeratiou 1, 69-19^ (l92l*) 

Coîurcntsî 

All logsrithnui are to the bone 10. 

I. iog p « - &2J22 + 7.67932U 

vhsre: 
p Is in u<n Rg 
T is Id *K 

II. log p • - + 4.7769 

vhere: 
p is In ats 
ï 1» In *K 

III. log p ■ a - 
\v' 

IV. 

T la in *K 
a «= T.byOyl* for p in &a Eg 
0 — 4.7i’Ó13 for p in ats 
a ■ 5'94532 for p in pala 

Hila ia conftidcred the best e^uatfon. 

log p - - + 7.577 - 0.00476 T 

where: 
_ » ~ 4 «« 
6 At» All Ht»U U# 

7 la lu *K 
Range: p below 760 mw Hg 
(ihlo equation ia tOno valid for liquid nitrogen fro« 63.l4*K 
to /7.35'K} 96.4 ara Hg to 7Ó0 ihb Hg.) 

Kl/l’/ji LT/jSC Itinuecl: TTÎV^ 

y-
/

 



6.00¾ 
VAPOH PWíSí'URE EQUATIONS Tor LIQUID NITROGEN 

Bourcea of _ 
Artnatwn«, 0. T., J. Rccearch Natl. Bur. Otaníardo ¡¿, P63-6 (ly?1») ( 

Cath, P. 0., Proc. Acad. Scl. AmaUrrdam 21, 656-63 (1919) 

Dodge, P. r. and DavU, H. N., J. Ao. Chen. Soc. Û0-20 (1927) 

Hanning, F., 2. Physik 40, /7^-05 (1927) 

Kaaeom, W. H., Onnca-Peatachrift 1^22, O9-IÓ3 (lÿ22) 

Kaabon, W. H., Phyolk. Der. >♦, 013 (1923) 

Mathias, E. and Crermnclln. C. A., Froc. Fourth Intern. Congreso of 
Refrigeratloj l, 89-lOóa (192¾) 

Porter, F. and Perry, J. H., J. Am. Chew. 80c. J»8, 2059-^ (l?26) 

Whits, D., Friedman, 8. A. and Johnston, H. L., J. Am. Cheo. 80c. 
5713-15 (1951) 



6.004 

PHASE TRANSITION nCMPERATOHES of NITROGEN 

(Aao I no luil* ■ Critical Constant# ) 

Souro»# of Data» 

Critical Point 
ÕrvuiMf H. k7| Dor#n#n, C. and Holat, 0., Ccrnmn. Phyo. Ub. Ur.iv. 
Iflldan, No. lJ*5b (1915) . 
riekerine, 8. T., Nat* Äir. SUndard# 60I. P»p«r No. 541, 597-629 (1926) 
Internatlotml Crüloal Tii»lo# (1923) 

WcnrAl Pollln?. Point 

Heus«, W. #nd Otto, J., Aun. Phyaik. 14, 165*^2 (J-932) 
Aoyaaa, 3. and Kivod#, E., liull. Cîst-m. iioo. Japan 10, 4(2-31 (1935) 
Henning, J. aui Haiti#, W., Physik £¿,105-16 (r>24) 

E. end Crcrsafflln, C. A., Proc. 4th Int#m. Congr. Rafrlg, 1, 

Soeow* Onne#-restdclarift 19?2, 8^-163 (1922) 
Keeson. W. H., Physik. t#;r. 4, 6I3 (1923) /,Q„\ 
0Uu::uo, W. n. and Clayta», T. 0., J.'/j«. aism. Ö00. 55, ^5-6? (1933) 
Do-leî#, B. ?. ftsU öavl«, H. N., J. /a. Chen. Eoo. 40, OiO-20 (1927) 
Cath, P. 0., Cote“tn. ni>i. Ub. Uuiv. Laldan Cocrwn. lio. 152d (1913J 
Tiannlcg, F., 2. Fhyeik. 4o, 775-C5 (1926) . 
K«»«ca, W. H. asa MJ1, 3., Hípica 4, 305-10 (1937) 
ArmtroE«, 0. T., J. R*waroh Nat. Bur. Staniirda ¿2.» 263-6 ( 195J) 
Mcdiîûfi, A. 3. and Vhit«, D., J. Aia. Chen. Sco. 3931-32 (1950) 

Poi-a-.nl Ktitira Point 

Ouartlur, W. and Pirwü, M., Z. HsUlDcuad# 11, 1-7 (1919) 
Tnt-- Tr.'ejc# (I9^j . 
0 , •/V. K.r-U h^yiv-n, J. 0., J. An. CT^.a. 80c. 5^, 4075-09 (1933# 
VarschoyL«, T. T. H., Ti-ani. Roy. Soo. (London) A222, iÔ9-*-20 (1931) 
Enckon, A., Vurh. uaut. physlk. Co#. 4-17 11910) 
Clunius, K., Z. physlk. Chen. Abt B. TT 41-79 (1929) 
lie nui ng, F., Z, Physik. 40, 775-35 (1927) 

Triple Point 

Hf.thie*, E. and Ortirwlin, C. A., Proc. 4th Inlarn. Congr. Refrlg. 1, 
69-106¾ (1924) 

»#•, 4 ♦ 4 
y wi- * * * ■'••Z '* *■ * — 

Eue ken, A., Vorh. dc;t. pbyalk. Ges. 10, 4-17 (1916) 
SwHrtnon, C. A., J. C«en. Phya. £¿, 1963-4 (1Ç55) 

- over - 



RIAOS TKANSraON ffiMPFPATWflíS oí NTíRCCEN (oont«) 

'l'ubln of selected Values 

Profierty 

Pressure -ature 

atm pola •K •r 

Critical Point»* 
Bolling Point* 
Melting Point* 
Triple Point 

a—*7 transition . 
p-—7 transition 

Triple Point In Solid 

33.5*-02 
1 
1 

0.1268 

1 
1 

U650 

*»92.9* *3 
1U.696 
14.696 
1.863 

14.696 
14.696 
68,340 

1P6.261.04 
77.35i.05 
63.1 t.05 
63.14 

35.5 

U.5 

vn.nt'W 
139.231.09 
113.6 *.09 
113.65 

63.9 
95 
00.1 

+* Critical Density • 0.311 gn>/ca3 
* An average of the values preflentod in tlie Dour ce 3 of Data 

ComaftntBj 

S'/etuion reported ana —r transition at 39.5 *K 
ru>7t:koff. R. W. 0.. Crystal Structures, intereeience Publishers, inc. 
Î-W York! (1951)1 rr^rKTttet ll-j a fora of solid nltronon is larobably 
CÚMC eiU end the r fonn is i^orml close pe.cKed. Vyckoif 
F/.kfis no ttontion of the P fora. 

OtVr R--»ferine*si . 

Critical Point 
Mathias, E. or.d f •oirsMlln, C. A., lYoc. ^th Ir.wcm. 
69-106a (19^) 
Pickerin#5, S. F., J. Phy®. Cbem. ?Q, 97-121» (19^) 
Kreoom, Vf. H., Onnrs-Fostscnrlft 19^, 69-1^3 (19^) 

Keeoom, Vf. H., Iti/Tulk. Bcr, 613 (19^3) 

Triple Point 
. .. „ •n A. . ^ t „ « Ü « Art 1 £ “] /lOOOV 

Keeoorn, «*. n., unncv-fouv-w»-**« ^ — * 

Keeeom, W. H., I*ynl*. Per. U, 613 (19¾) 

Henning, F., Z. rhynik to, 775-05 (19^7) 

''nth, P. 0., l*roc. Acad. Scl. Am/iterdajn Pi, 696-63 (1919) 

Solid Tram.itIon 

Hefriß. 

Swrnijon, C. A., J. Chem. rhyc. PJ* 196.1-** (1955) 

Cluniua, K., 7. phynlk. Cnea!. Abt B, ¿, *»1-79 (I9ív9) 

Ciounu«*, W. P. and Clayton, J. J. fun. ¡Jia.Ti. li«/3. W/5-^9 (1933) 
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6.005 

KEITINO POINT TF.KITíRATWK of OXYGEN 

Souro’? of Pata» 
MAIL«, R. L. %nd örilly, E. R.» Phy*. Rev. 22» ^80-6 (1955) 

Cf»TTO*nt81 
The values In the table be lew wei-e computed from the 
Simon meltln« equation, Peq * a ♦ bT®, 

where î P Is In kgm/cm2 
T la in *K 

and for Oxygen; a ■ -27Ô6.03 
b s 2.63575¾ 
o • I.7U259U 

Table of Selected Values 

Temp. 

•k 

iTeeaure 

y&ti/ca? Ata. 

5^.36+ 
55 
60 

70 
75 

80 
85 
90* 

0.00155 
5¾ *51 

521.0¾ 

IOI6.56 
15^1.08 
2091.95 

3?S0.6d 
3918-53 

0.00150 
52.76 

504.00 

983.O7 
1491.52 
2024.67 

5596.44 
3175.17 
3792.51 

♦ Triple Point Timpcroture 
* Beyond rango of applicability of 

the Simon equation. 

" LU/L j/vy" 

* «**•* r* ^ 
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6.005 

VAPOR PRSfkRUI® of IIQUIP UXTfGCT 

(R#*low 1 Ataoíphor« ) 

Sourcit of D»t>> 
HlUeorath, J., et al.# Hat. tíur. SUr^ard. Clr. ¿6U, 
l»C7-9 U9'/>) 

Table of Selected Value» 

TcBipereture Vnpor Pi'Ccour e 

*K •h atm p» U cajlg 

54.393* 

55 

60 

65 

70 

75 

CO 

85 

90 

90.19 ** 

97.053 

99 

108 

117 

126 

135 

lUk 

153 

162 

102.34 

O.OOI5O 

0.00132 

0.03716 

O.O229 

O.O6I6 

0.1430 

0.2964 

0.5597 

O.9ÖO3 

1.000 

0.022 

0.027 

0.105 

0¿34 

O.9O 

?,10 

4.36 

8.23 

14.41 

14.696 

0.114 

0.133 

O.544 

I.74 

#1.68 

10.87 

22.53 

42.54 

74.50 

76.000 

* Triple Point 
** Normal Bolling Point 

.jM/iii/r L »* •* véc »• • 
Itcvlccd: 
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6.005 

VAPOR PKESGUJ3Í of UgUiD OXIULK 

(Ktxyyç 1 Atmonphpre ) 

Sjurcw of Dwtai 

Hllocnrath, J,, «t al., Hat. dur. Btandardi Clr. 56U, 
427-9 (1955). 

Tabla of 0*1*0tod Valuea 

• Nonual Bolllne Point 
♦* Crltioal Point 
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Li '■»«*-«r»« j wLü . I *.»**»-* -sZÍMmm IMsLA£!J<0¿¿'JB*im 

JhTvr i iJ«H#uI\ri u. Ain 

(Mqiit«! »mil VujHir) 

fioiifco oi* Diitn: 

Din, K., n.r Hno'iynnmlc Kiin-’< lonn nP Oii.'.c:'., Vúl. ?# DuLtoPViJ 1*1.ha 
ficluitli liT 1'ui'Ucuiloiii., UxmIcíi TTJTH 

QHi^r Upr^tf’rir^ni 

Dotl^e, D. F. mui Üun*>«r, A. K.; .1. An:. Chen. Tue. ||2/ VH-uiD (l'.^ï) 

Iiíhkln, I. P. Hrxl Kutvuier, M. 0., Soviet I’hyn. Teoh. Phy:. 1, L'Co}- 
ä'VI (i.?^ó) 

Kuenrn, J. P. «mil Clntt., A. L., C<>mnuma. l’hya. L«b. Unlv. L* lArn 
No. 1W> (1917) 

Mlcholu, A., Vitt»:.cnuul , T., U'vaU, J. M. und dctimau, W., A;-pl. Scl. 
Hcucureh A^, No. , 3^1“ 

Çomnicntr: 

Tlie dutn n jvjrtnd \>y Din an? bunird on Lho work by Ku**nrn and Clnrk, 
Dodfie and Dunbar, and Mlckrln, ot, nl. 'Ilir data oí' Inhkln ct ul. are 
»»nurd on the work of DoiV.c and Dunbur uIjö. 

It ühould he noted that there aro «eparnte cui*vc*!» Tor the vapor 
preaour»: o!' no turn tod liquid (hahM«') u?td nniurated vni»jr dow). 
Air lu a multico«!i»One«tt mlxliirw and at the (tame prennuiv» the naLurated 
liquid lu nt a different ti'irfw rature than the natura ted vapor. 

'rnidi- or 'kli.'drù Vnîu'.i. 

1're usure 
Sat. Liquid (hubhle) 

T.-nn-e rature 

Sat. Vup 

Temper 

or (i>;w) 

•ature 

ut.ffl. Ib/ln'^ “K “h “K "n 

L 
? 
3 

i 

7 
10 

V 
DO 
2' 

■> 
u « 17 
;{-• 

Ik. 70 
D'iJiO 
Mi'. 10 

71.'0 
10.1. <0 
1II7.00 

¿¿Oê'iO 
j'jU.W 
V»7.'0 

Mil,00 
' Ik.-o 
'9..,. 1.0 
' k /.-P, 

7.1.'1 
Ö .*• 
oO.'A 

vP 
101.0». 
107.1*7 

% % • • 41 ># * / 
II?.7/ 
ID}. '0 

1 ‘7.> 
1 d). *1 
1 D 
HD.**.? 

•111.'H* 
t- j.')*.» • 
lol.O) 

r/j.kO 
iP1.97 
ill.1/. 

.<\l. A1 «U %# * • >« 4 
/n.79 

• DLM .V1* 

DD't.OV 
DV .<.>* 
D'jO.'.li 

,1¾ 1 «Jyi. > 9 

m.n 
nn.31 
OD.ul 

TO.?! 
IO3.I*» 
10ft. 3(. 

111. <>» • * • • * *• 
1.^).07 
IDli.kl 

1/11.1/ 
131.!*.» 
17/.-/ 
% ■"% 1. * « y- • *•« 

Iky.’k 
1‘.3.0.J 
lwj.73 

177."ß 
Hi- .o') 
pr.Ol 

m«. qi, 

.‘lo.li 
// 5. *h 

.'iO.i.D 
/ '<..»» 
//1.- *• 

» ,n ... . r •• j * 

'ÎÎMJSHÎ ’ I •"*: T~'~/r':) 



» WiM, */\* * -. •.•tv’" —’ 

.a t / . , ‘¿T " i ' 
nj».«.-^'-^ - •.-..-- --• *j*jf"in? •«.:.- j«—•_w^u-uaL-iu. ¿«ui.». 

ti.oov 

vaj’or rmrnnj-: or cAJinot; Kr>t:ox7DK 
Sources o: Pnt.n. 

Clnyl<.ii, .1. 0." iiii'I Olmiqu**, W. F., J. Am. Ch«»m. Coo. i'tlO-?») (i93?) 

Clur.luü, K. and Tonke, W., /.. phjrtilk. Cumr. Po; 135-191 (l%H0 

Co .mmol ln, C. A., Hljlcvold, W. J. and Hmwii, K. C., Cossnunn. Kuiwrllnj-tfi 
Oimou Lan,, IJnJv. Lolden, flu. 21VL (l93l) 

Maf.hlait, K. and CtrunTipl In, C. A., Ann. phyr. (LW-*) 

Mlchclii, A., Wuuuonaar, T. «nd /.wlctcrln^, T. N., Pliynlca lA, l»‘0-2 

. (195?) 

Conairnln: 

•¡Tie vapor preunuro data ^Ivun ln Clunluü und To.iko wan ptx-ocnlc*d In 
mm Hj’.. Tlicnf! nrro convortrd lo atinonpherra to correupond with the 
dato prenented In tho otlior four rcfrrrnron» 

Tabic of Coleetod Valúen 

Tenp. 

*K 

u0. i4 
60.C? 
01.46 

61.99 

63.-/7 
64.39 

64..^ 
C,. 6 
65/.7 
65.07 

* S - m 
66.60 
6o. jj 
frt i'i 
• I • —■ 

07.I7 

'/.37 
ó/ .•Y) 
67.07 

u .n j 

o.l‘ 

rrer.rj. 

at^n 

O.^ÓO-’-Ol 
.00600 
,0273¾ 
.032 vi 

.040Vj 

.Oh3003 
. i-o.ir • V;# 

.OY?//! 

.00071 

.079-9 U 
/)-.1 ; '■.'•'•V 
.10.317 

.10'r;j 

.1' H.u3 

.1.-336 

.ijor-i 

.13JV3 

. ] Í f • /. 

.1' IV' 
Wltlîi/ 
,¡ :/rt J 
,1»292 

Temp. 

C'l.iO 
6-1.a» 

69.73 
/0/0 

71// 
I, I 

!•••+' 
71.3*» 
73-41 

7 
73. 

7.C6 
P/Î 

7J/>Y 
73.09 

74. <'0 

74.7:.’ 
..), tyf'i 

7! 

i •••'j 
7.,.( >0 
7«. "ï i 

76.4' 
76/7 

llucJus ^ 1 ‘ • 
•• I î»*1 t pt 

lYer.r.. 

atm 

O.U3C7 
.l'.»417 
. V/.’fyj 
.23449 

*/*.A*L( • u.'s>Ok/j 
.3005C 
.3479I 
.j4oi6 

.37197 

. i71')l< 

.37037 
• J ! 

.4ih)0 
Î e r* ».-* 

1 » ) • 

•• 'V} > <*, 
-17 • S' I 

.4,-0/ 

.' fx.Vl 

/ V. u 
.- 3.1.73 

J 

'feup. 

•k 

77/.0 
77.-0 
77.9-1 

7I.07 

76.ÛJ 
79.76 
79/-7 
•11.47 

Cl.61 

./.93 
93.051 

04.76 

94.7/ 
•i.', o-,.': 

101 .:.74 

193.011 
103/0 
V-..1 / 

1( >7.64 
'O'1/1- 

Ivese. 

atm 

O.6H9Ú 
.61209 
•64'<66 
.67226 

.7:"7l 

.’PV’.y 
oil 31 

r rn.rm .1 "j 
¢). .11. pi .) 
1/-33 
3.14oi 

I. 473 
3.-/.-3 

J. Al'*? 
• • j » 

r /:73 

9.701, 
6. < 

7 /OOP 

•T.l-lf 
5.770:1 

•k 

lOn.Cl-1 
112.72 
117.4 ,i* 
1 tú/;/, 

116.327 
u »a 4 
122.799 
173.41 

1 4.-V.0 
1.//-1 
I//0! 
12’.2) 

17'. 2 3 
6'-' 

> ^ 1 . • X < 1 

lYcnts« 

atm 

1 1 ^ .A • * 
1 >' trr 
1 1* r --r, 

i,;;:, 

0.7729 
12.072 
17.2094 

1::.175 7V 

l5.lo.-v» 
17/-111 
71 ../62 

73.7-77 
25.014 
n.; ,-./.1,, 
29.160 

2- /./.4 
30.0 Uu 

. ^ 7“. I. . • jx# »‘»»/y 
:2.-,11 

3- .-/()4 
. J •. 

■?*i I A'* > » • *. 

r •, ')•*. * rr-’J L51. y ,ln‘ • , 1)-. 67.2^#/. 

! * / 

* v 
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6.007 

VAPOR PPECCimE EQUATIONS for CARBON MONOXIDE 

Sourcff of Dnt’ii: 

Clayton, J. 0. and Oinuiue, W. F.» J. Am. Chen. Soc. 54, 
26l0-?6 (1932). 

Comment»; 

In th» following «¿uatlons p 1* In cm 1¾ and T Is In *K. 

Rang* lo«10 P ■ 

»olid bn low a • p 
tr*n»Hlon t»!np. (61.55*K) 

- ^ ♦ 4.127 logic T ♦ I.47365 
- O.OC623 T 

solid between a - 0 
tr»n«ition ten». (61.55*K) And 
meltinfi point {CS.O1)9*.) 

- ♦ 7.82259 - 0.0075960 T 

liquid above 60,O9*K - + U.2372I - 0.064129 T 

+ 0.00025911 T2 

Kro/m/r nnsi 7717759 
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6.007 

intASE THAUniTION TEMTERATUPES of CAÎtDON FONOXIDE 

(Also Includot Critical Con*tunt0) 

Source of 
Clayton, J. 0. und Qiauquo, W. T., J. Am. Ches. Soc. ¿4, 2610-^6 (l?32). 

Kkthiaa, E. and Crouîfialin, C. A.* Ann. Hiyulk 2# Î3T-66 (I936). 

Tablo of Soloctod Value« 

TruiiSltion Reference Testera t’uro l^CDaur« 

Non»l Melting 

Normal Dowling 

a p 

Triple Point 

Critic?.! Point* 

Clnytcn 

Clayten 

Clayton 

Clayton 

Mithin« 

68.0ÿ 10.¾¾ 

81.6110.05¾ 

61.5510.05¾ 

68.0910.05¾ 

132.91¾ 

A. (.till 

1 atm 

1 atm 

U.53I cm Hg 

34.529 atm 

* Critical Volumn » 3.322 os^/ga 

Cornento » 

I. Noraail Malting Point - Other valuen available follow! 

CO.Clunlua, K., Z. plvjulk. Chen. »3, -'‘7 (1929)j aid 
Cluaius, X. and Tcske, vi., ¿. ik Chen. ^-33-1^1 
(1929). 

67.3 *Kt Eucten, A., 2cr. deut. phyolk. Oca. l8, U-I7 (I916). 

60.10*Xt Crccrfflolin, C. A.» BIJlevold, V. J. ar&l Erova, E. 0.» 
Cdiusun. keaarxingh Ounce L'\b. Uuiv. itiAan, Ccamun. No. 
217d (1931); wl Kais ho V, R., Z. phyolk. Clicm. Z73- 
00 (1930). 

CO.oCMi Verschoyle, T., Trans, Roy. See. (London) A230« W) (1931). 

II. Ronral Dolling Point - Otter vulue« available follow! 

8I.0 *Kt Boly» E. C. C. and Dounun, F. 0,, J. C3*>rt. Goo. (Londoa) 
81, 90; (1902). 

f.r+'ixr . • wt- » 4 111 liT /1Q^\ - - ——-— 9 
K. and Teske, VJ,, Z, r>«y«ik. cii.™. >v;; ijs-isi (19?9). 

81.Cj0»! C>*oaraõlln, C. A., Bijlcvcld, W. J. and Rrovn, E. 0., Cc-Jisun. 
KnincrllîV.h OfUvoo lab. Ur.iv. íeSden, Co.müu*í. No. 21 [h (1931). 

-^i.^'Cs lie une, W. and Outo, J., Ann. 

Ql,6C*K: Wlrming, E<, D. 41' 

Wiyelk It, 185.92 (1932). 

»rtution, Berlin (1919). vun 



ó.uar 
PllAHR TRANSITION TO-UKRATUJíES of CAIÜ.DN MDNOXIDE 

(cont.) . 

III. 0(^(1. Tmnnitlo.i roturo - Other valúen avallabl* followt 

öl.?!*«: Clue tu«, K., Z. physlk. Clem. B3, ^l-1*? (l??9)j «»4 
Ciuolui., K. arxl Tonko, W.f Z. iiïïynlk. Chem. b6, 135-1¾ 
(1929). 

<50.U *Kj Eucken, A., Ber. deut. phy»ik. Oco. 18, H-17 (lyiC). 

Kalahcv, R., Z. phyolk. Chem. bj*0, 273-00 (1930). 

IV. Triple Point - Other vilue« available follow» 

*G.10*£ and O.I91U6 atmt Crocm«lln, C. A., Dljlev-eld, V. J. and 
Brwn, E. 0., Cciwwn. K&aerilsvih Ojineo Lab. Univ. Leiden, 
Coujun. Ko. 217h (I93I). 

aiul 1J ,U36 on Hjjî Vcrochoyi». T., Ti-pjis. Roy. Sou. (London) 
¿¿32, i<39 (1931). 

V. Critical Point — Otbar valune avalLable follow» 

-l^*C and 35 ata» S*ly, E. C. C. aal Dorman, P. 0., J. Chem. 800. 
(Lov'or.; 01, 907 (1902); aoi-l richer ln«. S. ï*., Nat. Bur. 
StandardslTci. Pnp^r Ko, 5*1. 597-6?9 (1926). 

132.60¾ »nl 34.529 a ui» Croitaiolia, C. À., Lijiévcld, W. J. and 
Liown, E. 0., Coiu.ain, Kaaerlln«!» CíUm» Lao. Uulv. Leiden, 
Ccm-TUii. Ko. 217b (193t ). 

VI. Critical Volura - Other values available follow» 

3.322 cn^/fra: Cro^lln, C. A., Eltiovrld, V. Srowa, S. 0., 
CciTEsin. JO’.rï'riir^ïh Uuv?c l^b. Univ. Leiden, Corruun. Ko. 
217b (1931). 

93*2 cm*/fm-molet C«!«j:f*nlielm, E. A., J. Chan. Phy». 253-61 (1945). 
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6.0CG 

VAPOR PKL33URE of LIQUID FIUGRIt« 

Source of iMth: Hu, White, and Johnston, J. Am. Cheo. Soc., JO» 50^2- 
-^ 

Other îTofererccs ! Aoyam .r»n<ï Kemiu, Bull» Cheu:. Soc. Jepan, 12, I4l7-**l6 
(lyjr)j Coay and Hildcbrnnl, J. Am. Chem. 52» 
j039 (I.93O); Clauui'cn, J. Así. Chem. Coc., £Í» olM (I934). 

Conwntes !.fei*i.ui’ementfl of the vupor pressure have been wuie by many 
ftuthornj a^rrement Is good. The data by 1!u, ct. al. extends 
over a vider range, und therefore sre presented belov iu>i on 
the accompanying graph. The équations which the authors have 
fitted to their experimental data ure presented bexow: 

Reference 

Hu, et. al.t 

Equation 

ÍJÍÍ5.Ü2]! 
i 

Aoytvna and K«n*ia{ 

L^i0 P(itfn Hg)* ^ t 9.1975 - O.OI315O T 

Cody and Hildebrand i 
W»lo cm !'.«)* 

Claussen: Lo«10 P(cm 

h06.8 
T 

+ 7.3317 

U6P.66 
“ï + 

8.7202 

O.OO7785 T 

O.OI656 T 

Table of Selected Values 

I 
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6.009 

MKLTINQ Í01NT TÏMItHATW« of SOLID ARGON 

Source of l)«tRj Rohlnenn, D. W«, Proc. Roy. 3vc, 
(London) 393J*0*; (1951*). 

Tnble of Selected Values 

Presfture 

atm. 

Temperature 

•k 

1 

isco 

?000 

3000 

1*000 

5000 

6000 

7000 

6000 

6,?50 

* 9000 

«10Ü00 

Pc - w.o 

63.2 

104.5 

124.0 

144.0 

I62.O 

179.0 

197.O ' 

213.5 

231.5 

234.O 

*24o.O 

•266.O 

Tc - 150.7 

» extrnpoluted values 

HjiTïüE—T^TTTTãUTvT 

( 



■ —Il » 11^1^ T -“• .- *' T*. ■ — r - 

»-. .è. i •ii., 

ti.UO> 

i>»jask TRAr::ïinoi; tj-vîhhat.'-mr. r Ai««)« 

Hirtirrrn uf Dntn: 

Clark, A. M., Pin, Y. und Robb, J., Pliyulcn r£, <76 (191/1) 

Cluiittin, K. und Krank, A., Klektroahem. |»2, (19^3) 

Frecnin, M. P. «md Haluey, G. D., Jr.. J. rhyn. Chem. Oü, 1119-2¾ (1956) 

Micheln. A., WtidJenftftr, T., Bluyter», 'ITi. ami G ma fl', W. de., Pnyulct» 
‘¿Í, 5p (1957) 
Pool, H. A. H., íihi^lfln, I». I), C. ami Stnvciy, L. A. K., Nature l6l, 
No. <»012, Ü3I (1956) 

CôBMniUi: 

Mlchelu, et. al. mennurcd the triple point temperature with n plallnun 
reu Ir. tance the mimo ter ond It lu ol’ferpd nr. a calibration point for the 
Inte mat louai temperature ucolr. 

Pool, et. al. found the triple point temperature by uclnß the nennal 
oxygen boiling point of 9G.lji4#K. 

‘lho vnpor prooeurn of argon In gi ven to a hlgl» »legmo of accuracy 
(t O.Oi’fi) by tho equation: . 

log^O PÍirm) « A - ll/t 

where: 
T la ln 'K 
Liquid 

A/1 On t. on 
•• * ^ Cvw w^ve*. i%J 

» - 352.Ü 
Solid 

A /.7353 (from O2* to /h.Vy'k) 
D - 1*20.9 

TVxble of fielccted Values 

i •• --7 ; 7 
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O.ojo 

mkltihq ix)1kt tekteiíAtjre or mkthajíe 

Hourcc of {Vita: 
CluBluo, K. an-! Wrl«and, Phyulh Chem. Pjj6, 1 (19^) 

Other Pergrencea: 
CluuiuH, K., Fcpp, L. nui Fntr.V., A., rhvolca U, 1105-10 (1937) 

Flochpr, L. 0., nail. Soc. CM®. Felgp. »*j>, 1?9 (19^) 

Vtm ItUrbpfek, A. ax.i Vortstc^rn, L., Proc. Phy«. Soc. (London) 
ooo->tou (191*9) 

Coinin'-ni n; 
Incouâlatencles In tte <UU occur only nt rr®cuure below 1 nin. 
CluütuB and Weltfund did n<* report a vn-luc «f thr normal celtln« 
point but three other nourcea ulve a temperature of 9O.6 i .1 K 
lor thlu value. 

Tnble ci Selected Yuluea 

Taiap. 

*K 

ijeeuiu f 

atm. 

9^.03 

9U.39 

94.1¾ 

93.09 

93.6P 

93.40 

195.6 

149.0 

130.2 

126.3 

115.3 

106.9 

Iii(iu«'d: '>/1-/^9 
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6.010 

VAPOR PRESnURE of SOLID METHAWS 

Sourcen of Datai 
rreeth. P. A. and Varschoyle, T. T. H., Proc. Roy. »oe. (London. 

A10?, 453 (1931) 
Kennin«* F. and Stock, A., Z. Phy-jik. 4, (1921) 

Rossini, F. D., et ni., P^tr^Vnlu^ ofjttfl^al and Thermo» 
fl/unie Prorrrtiea of and 
Carnegie Ir^ûTTTrClrXaxgîiT^-^3) 

Stock, A., Z. Elokti-oclwm W* 351» (1923) 

Table of peleoted Valuee 

Data from Rossini Dnta froa Others 

mi—rr^T: 

’pQir.p. 

*K 

Irsseure 

rm Hg 

73-46 
73-46 
79.00 

79.00 
80.27 
84.67 

ÍÍ6.49 
89.16 
90.16 

4.24 
4.33 

13.04 

13.27 
16.OO 
3S72 

46.7 
71.0 
81.1 

L. . 
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6.010 

VAfX)R PUF.a'jUHF. of LIQUID METHANE 

üourcoa of Pntat 
Keyes, F. 0., T^yior, R. 3. and Smith, L. B., J. Mftth. Phys. 1, 
2U {ly¿¿) for ^npcrntvjrc nibov* 133*K« 

CtoeV., A., 7.. Elevtrochem Q, 3‘> (19?3) for icmpsrature between 91 
knd 133*K. 

Other Rpftrences; 

Hooper, I. H. D.. Analyct 72, !?13 (19^7) 

liunb, A. H. c.Rd Pci'-T, F.. E., J. Am. CUt*. Soe. §2, 0O6 (1040) 

Mpjcwell, J. tata Book on Hydrocerbona, 3rd Prlrtlng, D. Van 
Nootrand Company, Inc., f»ow York, K. Ï. (19^0) P« «7 

Potialnl, F. D., Petrol. Engr. l4, No. 5# 4l (1943) 

Co'nmi^ntn i 

TJie orlRln«.! data from the above source» a»« compiled In: 

K«loff, G., Fhy«j.cal Conr»tanta of Hydroeorbcnii, Roitdiold 
iMbllahlng Corp. î*cw™YorK, fi~T. ' 

Table of Selected Values 

Temp. 

•k 

Vapor 
Preis«'urc 

nsn Hi? 

Temp. 

•k 

Vapor 
1 Yen ture 

mr.i Hg 

Temp. 

*K 

Vapor 
Rrcanure 

run )(*j 

01.16 
93.16 
99.16 
97.16 

99.16 
101.16 
103.16 
105.16 

107 16 
109.16 
111.16 
113.16 

no ■> . — .4 
115.> 
u.0,6 
1C9.4 

235.5 
209.2 
353.3 
4?6.2 

Sll .1 
6OR.3 
721.1 
846 

116.16 
litt.lb 
121.16 
123.16 

131.65 
II8.5O 
143.52 
148.46 

1».1.60 
150.36 
163.32 
168.29 

I. O62 
1,227 
1/)08 
1,718 

3,431 ! 
4,tó4 
5,768 
7,280 j 

9.081 ! 
II, 126 I 
ij,602 
16,520 

I72.37 
172.46 
178.21 
1/8.21 

I8I.22 
186.17 
186.1? 
186.10 

183.02 
109.96 
I9I.O5 

19,003 
I9.III 
23,169 
23,180 

25,612 
29,936 
30,028 
30,116 

11.773 
33.597 
35,000 

¡¡on-!»* !’.ol Llti,; Tcmj). ► lll.Yj^K 

» 

I 
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6.010 

PHASE TRANSITION TEMTKRATURES of M?THANE 

Sources of Sata : 

Critical Point 

Pickering^P. f., Natl. Bur. Stnndfirda 3ci. Pnper 51, No. ¡M, 596-629 
{Nov. 1926) 

Rossini. P« D.. et al.. SalwçtaA vVlurn of T^'y^ical fi*vl Tiicmodynsicilc 
Prof^'t.i^w of Hylrocarhona Rrà iuTãüS^g^^ú^TsT^^r.ckíê^-rbfcs.’'- 
Pittsbitrgh (195J) ~ ' Pitt?Wfîh (l95jJ 

Korwil liolling lolnt 

Roecinl, P. D., Anal. Ch««. 20, 110 {19½) 

Kot-ta*l teltln« Point 

Cluelua, K., Popp, L. and Frank, A., Phyoica U, IJO5-I6 (I937) 

FiBchcr, L. 0., R.tU. Sor. „..urn. Brice. Jj2, 129-58 (I9I4O) 

e0o-4t09iS)k' A’ 1,111 VerhACfiÄR» L*> W'y*- Soc. (London) 623. 

Triple Point 

CrcMMlln, C. A., Proc. AlxA. Wetonschappen 1¿, 666 (J912) 

Olasevski, K., Coapt. rand. 1C0, 940 (IÖ65) 

Solid Trapujt.lon 

CerriUen, A. If. n?td Van der St&r, p.. Racier No. 5, 503-12 (Iky 1942) 

Table of Selected Valuco 

Property 
Pres». ure Tcurpe rature 

atm poia •k •R 

Critical Point 

Roiling Point 

Mcltliig Point* 

f*w. j _ a . 
A A A^Xtf rUXIKr w 

Solid Traneitlon 

45.Ö 

1 

1 

O.O99 

673 

14.7 

14.7 

. - 
A*> 

I9O.7 

111.? 

90.6i.l 

Ô8.7 

20.4 

343.3 

201.1 

163.14.2 

159.7 

36.7 

* An average of values prcsrr.tcd ir. the Coiu-cc» of Data 

(ot>,»T Hof«r»*n(:rn on following, pn '.c) 
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6.010 

PHASE TTIANSITTCW IF.MHÎRATURES of METHANE (Cor.t.) 

Other Rcferrncca: 

Criticei Point 
Carioso, E., Arch. ocl. phye, nut. ^6, Q7-100 (191}) 

ERluff, 0., Fhynlcel Coma-ante of ib"3rocarbuns, Relnholi Pibllshlng 
Corp. N.T. (19^) 7-10, 10-19 

Gu^genlteim, ?.. A., J. Ches. Phye. 1¿, No. 7, (July 19^5) 

NaturAl Oiouliiie Supply Men’s Aeaoclation, I.rglno«;rln^ » 
Tuloa (1957), 7th E<1. 135, 13« 
Normal Bolling Point 

Frenk, A. ai«! Cluelus, K., Z. phyuik. Chen. |¡£S, 195 (1939) 

Hooper, J. H. D., Aralyct JS, 513 (19^7) 

laab, A. B. crvl Roper, E. E., J. A». Ches. Soo. 100 (19^0) 

Rota ini, F. D., Fotrol. En^r. 1^, No. 5, h! (19^3) 

Young, S., Proc. Roy. Irith Acad. 2^, 65 (1923) 

Tripla Point 
Meli«off, W. ft.Kl Egloff, 0., J. Pliyt. Chem. P2, 529*575 (1919) 

Solid Trant» It Ion 
Vhnolcr, J. A. mvl Ca.x»on, C. V., mys. P.cv. S?, tk1U-6fis (1937) 

A.ÍM “ rjq^T 
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7.000 

DIELKCTRIC C0N5TAWT of CPYOGKNIC n.lrtDS 

coNrmrrs 

Dielectric Coauttuit of Liquid Huliuin.7.001 

Dielectric Constant of Cnseoup Helium...7.001 

Dielectric Conot&nt of Solid and Liquid Normal Hydrogen.7-00? 

Dielectric Couatant of Normal liydrogen Gab.  7*002 

Dielectric Constant of Neon.....7*003 

Dielectric Constant of Nitrogen...  7>004 

Dielectric Coustant of Liquid Oxygen....?.00> 

Dielectric Constant of Caucoua Oxygen................7.00^ 

Dielectric Constant of Carton Monoxide..7.007 

Dielectric Constant of Gaseous Fluorine....7.003 

Dielectric Conntant of Liquid Argon.  7.009 

Dielectric Conr.tant of Caseous Argon.  7*009 

Dielectric Constant of Liquid Methane (saturated).7*010 

I 
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CIELEt*THIC COMPTANT of* 1J.QUID HEI.IIW 

Pouffe n<* Hntw; 

"0rrbeukrmp.fr, D. J» nf'^ Ilfip.m, J. * • « Phy:». Hrv. fjO» f'9 (Ocfc» IVÍ/O) 

Otnrr Urfercncoi»: 
Krrrom, W. H., Hrilun, kU.:irvlor, Anuitcrdum (191^) ‘‘9'' PP* 

Cor*mt*rrufi: 
T»^ uboolute tetrprrHture ue^le (0°C - 273.16*K) w»u uued In the labio 
cl’ oelccte«! vai urn below. 

Temperature Dielectric 

Conatant 

Molar Polurlzutton 

a In ctnfymnle •K •it 

t*.Cl 

3.0U • 

?.ó4 

2.?b 
A \i\ fc • # 

1.97 

1.68 

7.56 

5.^7 

4.75 

V.06 

3.94 

3.54 

J.92 

1.049? 

1.0554 

1.05Ó0 

I.0574 

1.0574 

I.O571 

I.O569 
i.. - 

O.I236 

0.1233 

O.I23I 

O.I23I 

O.I23I 
0.1226 

0.1P26 

Molar polnrlaatloi* 1- calculaled from the Clnunlue-Masotll r»iuntlonj 

whtre: 
a « molar polarUablllty 
M - molecular weight 
fc b drnalty 
r * dielectric conntant 

The und’uln-aa of thfu 
over a large rang»* of 
.^1#4 «'• ^ W b- > I , ?*rVVÏT1 

rujatlon 11cm In the fact that It la valid 
trmjvr rat urea (and f>re:u.uroa) and ln I nder«'. 
■ iti.ivr cOO*K (ran) d'jwn to 1.01-’’K (liquid He II] 

The dielectric conr.tant at given cor».Utlonu can be 
that the d«:«i-ny at thoce eondltiono lu known. 

calculated provided 
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7.001 

DIELECTRIC CONSTANT of OAiJBCtlB HEIIlH 

ftoufrfm of Dutiii 

Karyott, A. A. «ni Ruckcly, ?',, N«tl. Rur, Sthninrds Clr* S1*?, 
29 (June 19¾3) 

Vi»t ion, !!. Yj, , Oundu, ft. G. find liuma^vumy, K. L., Proe, ftov. Doc. 
(London) AT£, ÍÍÓ9 (l9jl) 

Keenom, W. H., HpI Ian, ElHcvler, Ain^terdua (iÇ1*?) •‘í** PP* 

Cumenla: 

Maryott and Huckely report thnlr value accurate to nO.0000004 at 
YóO Sir. iúi prcuuuro. 

Temp. 

°K 

Dielectric 

Conatant 

Molar Polarization 

u in cmj/nole 
Source 

293 

273 

62 

1.000 065 

1.000 0720 

1.000 231 

O.I235 

0.1?35 

0.1235 

NIIÜ Circular 537 

Watoon #t, al 

Wotoon et, al 

Molar polarization la calculated from tho Claualua-Maoottl equation* 

^ M fc . il wl»'-*r«. a a moinr polarizability 

a " r« x ” x r—M “ molecular weight 
o « ru?ruiit/ 
e - dielectric cone tant 

HiB unefulneoo of thin equation lien In the fact that it in valid 
over « Ifirp.e ranee of témpora turen (and preonure.*) and In indeed 
valid for hMltum frr.m above jOO*K (f.a«) ilovn to (liquid He II). 

‘ilio dielectric conn tout at given condition?! <',m be calculated provided 
that the drnelty at thoue conillIlona In known. 

ïïîIi/tîÀïl IT.'.'ued'f "JvÇJ7/) 
HMH Revised: V/i'/tA) 
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DIELECTRIC CONfTTANT of LIyífID »rrl SOLID NORMAL HYDROGEN 

9ourrg« of Data: Rrolt, 0. i»nrl R. XnwrlinRh Oímos, Proc. Arad. 
Sei. Aaifitftnian f*J, 617 (192U), Cour*. P»:yn. Lab. Dniv. Lridon 
IJls (IOS**); WoÍf¿o, M. and H. KncierlinKh Onnea, Proc. Acad. 
Sei. Amstordam, ?j[, 62/ (1924), Comro. P>iy3. Ub. tft-.lv. I^idon, 

• Hie (1924); Werner, W. on.! Keeuon, W. H., Prue. Arad, íTol, 
Am*terrinn, 29, .14 (lyi>6), Cortn. Phya, Lab. îiniv. Taldrn 1 , 
(192Î)); Oulllicn, Kobrrt, J. phy*. radium, a 1, 29 (19¾)}. 

Cmnnrntm The follovln« table la taken from the paper by Rrcit 
ojal On ne s s 

Date 
Proenure 

ca Kg 

TV-mp. 

*K 

Dielectric 

Constant 

5/24/22 

5/26/22 
5/26/22 
5/26/22 

6/‘A/?.2 
6/24/22 

76.3 

76.7 
76.7 
17.7 

76.1 
7.1 

20.37 

20.38 
20.33 
16.30 

20,36 
14.4? 

1.211 

1.220 
1.214 
1.229 

1.220 
1.236 

Data of 6/?4/22 Is rcp.Hrded as preferable. 

Wolfke and Onneo In a later paper report the following: 

Otate 
Preopure 

cm 1¾ 

Tnsip. 

V 

Dielectric 

Constant 

Liquid 
fl 
H 

nom 
H 
w 
h 

75.5 
35.7 
e.o 

5.3 
4.2 
3.5 
3.2 

?0.33 
18.05 
14.64 

14.0 
13.5 
IB.! 
13.2 

1.225 
I.234 
1.241 

1.248 
1.224 
1.212 
1.211 

(Conti nurd ) 

kkmi/v.m i. u<'<i: '3-;"'Y-'yj 
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7.002 

DIKLRCTOIC consrrurr UQüID and SOLID NORMAL HYDROGEN 

(Continuad) 

The following table la that of Werner and Krtnomt 

State 
Temp. 

K 

D1 electrle 

Constant 
State 

Trap. 

U 

Dielectric 

Constant 

Liquid 
N 
N 

W 

N 

W 

«I 

M 

H 

?0.b9 
20. HO 
20.HO 

19 .U 
17.73 
16.73 

IJ. H7 
lb .71 
1H.69 

1^305 
1.2313 
I.2307 

I.2336 
I.2H08 
1.2*55 

1.2HèH 
I.2H92 
1^512 

Liquid 
M 
* 

N 
M 

Solid 
•• 
N 

lb.56 
lb.33 
lb .29 

lb.12 
lb.10 

lb .00 
13.6 
13.5 

1.2b97 
I.259I 
I.2505 

I.2523 
1.2533 

1.2059 
1.19Ô7 
1.1972 

Guilllon agrees with Werner and feeao« at U*per»turwa above 
th*'» fre*i*lng point, but dliutgreea radically bolov tha freeling 
point,a« ehmm by the following flKureai for 13.90*X the 
dlelertrio eonatdnt le 1.2CO0J for 12.lí6*K It la 1*¿G09j and 
for 12.10 *JC it la 1.2606J vheiVM Werner And Keeatfll found that 
tha ûlelsobrlo eoaatant Aeeraaned by H.5^ at aolldlfication, 
Ouiliino fiada ta iaci-easo of ¿.6$, 

The followias greph ehow« the vida dlacrepancy between the 
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DIELKCTRIC CCNStm of H0RM4L HÏDR0GTJ1 QAfl 

Raferenc^ii: Boltioftnn, L. Pom.# Ann. 4. fivysik u. Chuni« 15^, 
1^TTl9n)i KTainrociS, SlUb^r. Ak»A. Vl«>. Wi*n. 91 TT; 
712 (1605); TkuçI, K., Ann. 4. rtiyalk £f, 59 (19o8)j Orchtailnl, 
A.f Kuovo Ci.'js:ntr># 7, 100 (1914); C., Ana. 4. TTvvíilk/ 

753 (I919); Mité, E. C-, RC'«. Rev. (2) 3**5 (19:4»); 
lohn, C. T.. Pl'vp. Rsv. (21 ?♦*, ^ (192^)1 BrtuadM, H. J. v. 
Fliyslk.Z. 28, 141 (39?7); Wataon, H. K.f Rao, 0. 0., aad 
RrjtÄcvftjsy,"!?’. L., Proc. Roy. 2cc. London, Al*2, 5^9 Van 
XtUrbeck, A. tuvl Gp»\ap«*n, J., Phyaic*, 107TT3 (19^3)) IIao<;or, 
L. 0. and Woeraley, D. L., Fhyo. n«v., [îj 69, 101 (19^6): '/an 
Ittepboek, A. and Clip?« Le ir, K. da, Fkyalo'a l4, 349 (194o)| 
Zieman, C. M., J. Appl. lliym. 21, 15¾ (1952); I^y»* Rev. [3) 03, 
243 (1951). 

Consr-vint» t Tha aarllaRt racordad data on tha Aleleotrlo ccsatant 
* oi,~Viydrogan appen.rn to be that of Doltaamn, who In 1075 found 

tha valúa of 1.000264 at 0aC and 76 c» Hg. Klec*n&l& In 1605 
conflrrod Boltzrannn'■ valúa. Tan«! in IfyOO u«ler alallar 
otandard conditions fou:id 1.000273 Occhialini in 1914 at 
76 es (temperatura proour«biy 0*C, but cot •tated) reportad 
I.OOO2705. In I923 mtt# gave tlie valu« at 0* '¡G cm aa 
I.COO263 end tha work of Zahn urviar tha naaM conditlona yialdad 
a valu* of I.OOO265 In 1924, in 19?7 Braunaáihl reportad 
1.000.:75 at 206.Ô*K. Wataon and co-uorkaro in I931 obtain*! a 
valu* uf 1.OOO2510 at 25 *C ar»l 76 cn and tha équivalant valva 
of I.OOO2749 *t 0*C and 76 cm, both »rasurad at 25*C. Van 
ItteiWk and npurj^n in 1943 reported 1.000253 at 291 *K and 
79.4 cu end 1/XX)252 at ^)3.3^ and 77.5 cm. Lector awl 
Vioerrley in 19s‘6 found 1.0002724 ± .000^510 at N.T.P. Taa 
meaning cf N.T.P. lo not atetad, but the verk vae done at 25*C. 
It CAy therefore be c.ciunsd t)iat t)ie cojviltion« amployad vara 
25*C and 1 atrftonpíjere. In eonoluoion, It tuma out that Doltr- 
tounn, K1 enmele, kYitta and Zahn Ijav» resulta in the region of 
1.0C0264 at 0*C and 76 cm, whereas Tangí, Occhialini, Hector, 
Wocrnley and Bruurumihl under tl>« sai^« cnnlitlons find 1.000273» 
Wattson and co-workers and '4m Itterbeek aod co-workers in the 
neighborhood of 25* give values of about 1.00025« 

•rangr, oecniauttt, van itterneeK and others worked also 
at prencureii up to 2UÜ ataocpiieres at temperatures above zsro 
degrcec centigrade. Lle-jíer reported « valu« --f I.GCO92O at 
-I9I ai«d 1 atw., hiid I.OOO253 at l6.5*C arul 1 atra. Van Itter- 
brek and i3p-.rj>en reported 1.00000b at 90*K and 77 cm. OokxídI, A. 
in N’.jovc Cimento 0, 36I (1951) dencribea a new cMthnd ualng 
rücrawMves and reports a value of i.000274 t .0C<X)O2 at 75.0 cm 
and room temperature. Zleivvn, uolng cavity comparator method* 
and a microwave refractoweter for /470 Me and presaures from 2 
to 74o mi round a value of I.OOO356. 

t»XJ ln Mied: 5-2Í-59 



DÏKLBCTRIC CONSTANT of NEON 

Source» of 

CofcmrntBI 

n%t»i Hector, L. 0. «nd Uoernley. D. L.t 
Phyit. Hev. 60, 101-5 (19½). 

Other value« of the dlelevtrlo coiibImiiI avail¬ 
able are 1.000139 (fc-yan, A. B., Hiya. Rev. 
615-7 (19<?9)1 1.0001½ (oaeM on the dlelectrlo 
conutant-of air to be 1.000'>Ö9) [Bryan, A. B., 
Pl.yo. Rev. jU, 6I5-7 (19^9) 1# I.OOOI31* 
(Watson, H. Ê. et, «1., Proc. Roy. 80c. (London) 
A]J*J, 55Ö (193**TÎ. 

The value of the dielectric constant given below 
la bnucd on nine observation« taken at 24.6'C 
and corrected to NT? (70*E, 1 atm). 'Rie range 
of values wa« froa 1.0001267 to 1.0001P90. The 
value given below 1« the average of these nine 
observations. 

Dielectric constant at RTP • 1.000127^. 

tin/ hl/r/.IHC ir.imcdT \ 
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DDÍUCTRIC OOWflTAirr of ÎCITROOEH 

8pnrc«o of Pfttot 

PlrnbÄUB, 0., Krydor, 8. J. «M Lyotv*, H., J. Appl. Fhy». », 95-102 
(i?5*0 
Ebert, L. fcnä Koeeu«, U. H., VereUf Ak*d. «eWMohawwa A»« te ri*« 
6r/5-y (1926) 

Téû<ü, L. wad Trooao, K. D., Roture I67, 512-3 (1951) 

Ranea, L. *M Erre«*, K. T>., JVoo. Th?*, «oe. (l/*4ca) 6Vb, ÔÕ3-75 (1951) 

Oullllen, R., Cowyt. rend. 207, 393-5 (193S) 

Hector, L. 0. wvl Woernlay, D« L., Fty*. Hcv. §2, 101-5 (19^) 

HlohaU, A., Jüßpera, A. «A 8*oiara, P., Fhyeio» 1, 6?7-33 (1931») 

Zahn, C. T., ttiy». her. gj, 455-9 (1926) 

Ziecon, C» M«, J* Appl. Rvya» £3, 154 (1952) 

Ccrr^nt»1 * 

Additional value» for th» dielectric corjUnt of nltrc^-n nt 0*C »ad 
1 et«c»pi->rc fcnxd in tfca literature but not coasiisrcd m reliabl» m 
those selected arei 
1.00:5555 ÍBTJLakcr, Z. phr-iV.. Chss. 2^5 (190î)* trtet*. g. 0-, 
iïqfis. htv. 2¿, 345-56 (19<4)] 

1.0C«)^&7 ÎBod^^eu, E., Atti. Accal. Liuc*i ??, II, 420-2 (1914)] 

1.0C0-.81 fTsasl, K., Ana. Physik <5, 59-7Ô (l503)l «id 2¡i¡n, C. T., Phy». 
ffâv. i±, 400-17 (1924)1. 

Ail ths d*t* tabula t-id be Ion are at 1 uuléë# otusryiee cot-sd» 

Otate Te*?. 
•k 

Dielectric 

Conib&at 
State 

Tfrsp, 

•k 

Disleotrio 
Con«tent 

Solid 
Solid 
Solid 

Liquid 
Llouid 

Liquid 
Liquid 
Liquid 
Liquid 
Liquid 

59.9 
61.9 
63.O 
63.3 
63.9 

66 
66.7 
69 
72 
74.8 

1.4620 
1.4t/j0 
1.Í140 
1.4746 
1.47PO 

1.4657 
1.4640 
1.4560 
1.4it83 
1.4380 

Liquid 
Liquid 
Liquid 

Cae 
R«S 

Ge« 
Oes 
f«A* 
Gee 
Om 

75 
76.54 
78 
84.1 

1VI.S 

273.16 
273.16 
273.16 
273.16 
296.44 

1.4½ 0 
1.442 0 
1.431 8* 
1.001 698 
1.000 792 

1.000 5796 
1.000 5*69 
1.000 5870 
1.000 5803 
1.000 52b 

Morral Melting Terip. 63,1°K 
bornai lioillng 'Ibnj'. 77»35°if 

a - I.07 «ta 
b - 1.02 ata 

(A Plot of the Solid «nd Liquid Values is ehcvn on the other »Id« 
of tMs Dntt Sheet. ) 

KrTr/hrrr/VjJ i..í¿úcd: T/í Í7v? 
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DIELECTRIC CONSTANT of LIQUID OXYGEN 

ßoxiroe of Dat»: 

Warner, V. and Keeoom, W. H., Coomunn. Hiye. Lab. UuIy. leiden IJ&c, 
(1^26) 

Comrcrntn; 

Krrioi U:e rulllnK point 0<.wn to 5b*K, c, tha dteloctrtc eoantani varita 
rectlllccarly. At y;*K, c beginn to lm:re«iie ami the Increase I« very 
obvlouu at 5i*.4*K. Tuä Clnunlun-Monotti function V io nearly conntnnt 
and equal to 

P • í-i-i i - 0.1211 t .05^ Buix. 
c t 2 p 

which points out that liquid oxygen la free from electric doubleto. 
Wolfke, frota the mconurementa, crdcuiftted the conn tant« of Debye1 ß 
fomila 

PT • a + bT 

by the ccthod of leaot aquareo and found 

n - - O.OII36 b - 0.1212 

a is a etaall negative value noouwed due to accidental error» and vaa 
considerei *ero; arid, niñee a varies with p2, the »olecular electric 
doublet Booicct, then p • 0. 

• Triple Point •• Normal boiling Temperature 

DKJ IftuueO; it/iv/yj 



7.005 

DIELECTRIC CONSTANT of GASEOUQ OXTGSN 

*1. 4 

Sourc@B of D»t*: 
m ■' ■"» him i~tr t » i uni' 

Ymi IttBrbeeH, A. and Cp««penf J , Fto/alca 10, No. 3# 173-^4 (1^3) 

J-Xfttt#, J. 0., J. Appl. ?»vy«. 1^, »*l?-25 (19^) 

OnCCJ-tilS J 

Oihrr vilwwof the dielectric eonatant at GTP (1 at», 0*C) availabla 
ara j 

1.0005300 (Wfttfon, H. E., Rao, 0. 0. and RM«a*waiBy,' K. L., Pro«, 
Roy. Soo. A143, 558 [IOS1» )) 

1.0005?33 (Hector, L. 0. and Woarnlay, D. L«, Kiy». Rev. 69, 
101-5 [19½]) 

Tercp. 

09.75 

89.65 

S*0.öO 

90.07 

90.10 

?92.6 

Table of Siileetcd Value* 

Preseui'tr 

rm Hg 

765 
761 
757 
474 

470 
243 
240 
236 

743 
6Ó1 
553 

732 
623 
550 

7J>0 
Î*»« 
520 
409 

765 

Dielectric Conatant 

1.001 67 
1.001 60 
1.001 64 
1.001 00 

1.001 05 
1.000 56 
1.000 52 
1.000 43 

1.001 63 
1.ÛÛ1 5J 
1.001 37 

1.0-11 61 
1.001 16 
1.001 25 

1.001 68 
l.UUl 4f 
1.001 22 
1.000 07 

],000 50 



7.007 

DIRLECTHIC CONSTANT of CARBON MONO«» 

Sourer» of Dnl*: 

Van Ittertcek, A. nn<1 Oparpen» J«# Pbyalc« 10, (19^3) 

Vianlewakl, F. J. von, Z. 12^“3^ (l?26) 

Zahn. C. T. and HIU», J. B., Jr.# fbyB. Ri*v. ¿2, U97-50U 
(192Ô) 

Data fron van Ittarb*«k and Spaapan 

Prass. 

Ptn I!* 

Tasip. 

•k 

Di«lectri.e 

Constant 

39a 
U01 
759 
7C5 

vLO 
7U5 
rC2 
742 

194.6 
194.6 
194.6 
194.6 

1. • • 

294Í5 
294.9 
295.4 

1.000 499 
1.000 409 
l.COO 9r>6 
l.COO 977 

« ** O J aa»«# 

Í.000 618 
1.000 470 
1.000 603 

Data fron vor. Visr.ievcfci 

lAMk«« * * fc <«3 « 

wm H« •c 

Pielsetrir 
Constant 

400 
too 
760 
<0 

-IR? 
-ICO 
-1Û9 

17 

1.001 384 
1.002 C8Ó 
1.002 633 
l.oco 645 

Data fron ZtOtf» 

iras*. 

er. 

i 
•wrnp. 

•K 

r 
uieiactric 

Constant 

5OÓ.9 
C.tff ✓ * * 1 
300.6 

09.0 
or>.Á P 

295 i? 

1.000 1557 
6i6 

l.COO 434 
i. ... 

ïïtïfî.ùs irzûcïïr -cmm 
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7.009 

DIKIJECTRIC CONST/tTf of UQtJID AIT,OH 

Source»! of P&taî 
Krorxlg, R. «md Voortn, A. I. v*n de, Phyolca 2> 139-1**» (19^2) 

MfiLean&n, J. C. .. Jacobsen,. P. C. ^nd Wilhelm, J. 0., Tran». Roy. 
Soc. O-n. sect. 3, 37***^ (1930) 

ÇOimof1 AT. B» 

By theory the Claus* i*#“Mosottl Fufíctlon 

shoal d he a conntar.t and Independent of temperature provided the 
molecules of the liquid ctudled had no dipole oownt. 
For liquid argon thl« quantity van conutant within tho accuracy 
of the aula, c 1» the dielectric constant end p 1 » the density. 
Tuble of Value» is from McLennan, Jncobs<-n and Wilhelm. 

Table of Selected Valuea 

Tejiip. 

V 

Density 

gm/cn^ 

Dielectric Constant 

(ref. to vttcuun) 

8Ö.3 

59.5 

Ô7.1 

65.5 

64.3 

*82.4 

1.393 

1.395 

1.404 

1.4i4 

1.422 

1.434 

1.516 . 

1.516 

I.52O 

I.525 

1.530 

1.537 

» auper-cooiea ixquia 

M'/iri’rt IrriirJ: 
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DIELECTRIC CONSTANT of GASEOUS ARGON 

Sourtjgn of Dnt»: 

Jolutlnt .r. 0., J. Api'l. Phys. }2> ^19-25 (39^) 

Hector, L. «. cmd Woemly, D. L., ITiyn. Rev. £), 101-5 (l?1*'!) 

Wntoon, H. E., Rho, 0. G. and Ramiiovmmy, K. L., Prof. Poy. Roe 
(London) A)j:'*, 5¿9'0'i (l9ji) 

Zlcman, C. M., J. Appl» Phys. Pjji L10 (1953) 

Commente ; 

Vnlueo for the dleloetrlc conatant nr* reduced to standard 
conditions of temperature «nd presnure. Tiie value given by 
Jelatlo lo considered the test. 

Tuble of Selected Value* 

Dlnlcctrlc Conotur.t Source 

i.oco 

i.ooo 

1.000 l/‘^0 

1.000 5^9 

U C lui wl U 

H*;e tor 

Wutson 

Zicmnn 

nji/lUR Iflnued: 
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7.010 

DIELECTRIC CONSTANT of LIQUID NCTHAMS 

(Saturated) 

Source of Datat 

McLennan, 
Soc. Can. 

J. C., Jacooati't, f'• *• ttn^ Vlllhelw, 
(3) r4, Sect. Ill, 37-^6 (1930) 

J. 0., Trans. Roy. 

Other Referencest 

Stock. A., Hennin«, r. and Kuss, E., Ber. Chem. Ges. 1119-29 

(1921) 

Table of Selected Valúen 

Tempefuture 

•k 

Dielectric 

Constant 

91.7 

9Î1.3 

100.7 

iolt.2 

10Ó.Y 

10Ü.9 

il»*.R 

1.719 

I.712 

1.703 

l.OyO 

1.09»* 

1.687 

l.oOO 



P. 000 

AI60RJTI0N of CRYOGENIC FUrtJ» 

CONCENTO 

Adsorption of Mron on Copper...    P.003 

Adsorption of Neon on Other Hedía.8.OO3 

Adsorption of Heon by Carbon (at -195*5*C)...8.OO3 

Adaorptlon of Neon on Claoa.,.............8.003 . 

Adsorption of Cr.ueout; Nitrogen on Wood Charcoal.8.004 

Adsorption of Gftucous Nitrogen on Coconut Charcoal...8.U)4 

Adsorption of Carbon Monoxide on Various Media.  8.007 

Adsorption of Carbon Monoxide on Plotlmun Black..  8.OO7 

/.dsorptlon of Carbon Monoxide on Activated Charcoal (at -1B3*C) .. .8.007 

Adsorption of Carbon Monoxide on Activated Charcoal (at 20*c).8.007 

Aduorption of Carbon Monoxide on Wood Charcoal 8.OO7 
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0.()03 

ADT.úHFTION of tÄ'ON on COWER 

itourcen of rviin: Bor«ho, ,f. and van Tttrrb«f*)c, A., 
- Thyolca X» IT-*'« (1V40)* 

Table of Selcetod Viilue* 

Ternir iture 

•k 

17.32 

M 

« 

20.33 

Preimure 

nr. Kg 

0.196 

0.7Ó1 

1.239 

0.063 

O.367 

0.979 

1.0¾ 

2.679 

cubic ccntimetcre ndccrbcd r«r 

o^uaro meter of mlcroocoplc 

surface area 

3-53 

l«,00 

«i.3Ö 

2.7? 

3.22 

3.^9 

3.66 

3.75 
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6.003 

ADSORmoN of NKCN on OTHER MEDIA 

/. Van Antropoff, A.# et. »1., Kolloid Z. 120, i-io (19$2) 
reporta thfit the aduorptTon of neon ou coal c'i!*»wr. fuir 
eprroem-jnt with LnnKmulr'a theory. 

B. Armbruater, M. R., J. Am. Chem. 8oc. 70, 173^-^2 (19W) 
«jvl Armhrueter, M. H. and Austin, J. g7, J. As. Ches. 
Soe. 6^, lï’9-71 (I')**1*) report that neon is not innr.nurHbly 
adoorBed at temperatureh of -103*0, -76*0, nnd 20*C or. 
plane eurfucra of two itainlesc Iron-ehrosiua-nlekel 
alloy* otudied. 

C. v*n Itterbeek, A. and Borgha, J., Z. phyaik. Chem. D^O, 
Ipfl.Us (io4?l; oiem. Zentr. 1<^? I. Ill} (19^2) report 
the ileorptlon of neon on nickel at 20.3l**K, 8U.1*k, 
and 90.i#K. 

D. KUrmnnn, M. E., Z. Phyaik 6s, 356-8¾ (1930) reporta that 
activated palladium readily aBaorba neon ga*. 

E. Me Ikon Un, 0. A. and F*pe, B., Z. Slektrochew. S6, 616-19 
(195»1*) report that adsorption of neon on *1110» gel at 
cO.Jt'K rosult* in a eepmation tactor of 1.0T between the 
neon i«oto]>e<i. 

F. Oeeliger, R., Phyeik. Z. 2?, 563-8 (1921) report* that the 
adeorption of neon on chabuzite In very email. 

YVVjbÜÏ luuued: ^/I*V/59 
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ABfiORmON of NKON by CARHON 

(at -195.5*C) 

r.otir'''"f i'1 '.! CI udo. G., C» ¡ t. rrtvl. T¿3, 
.hi] (in"). 

C>|. : Tii.- 'lit". '.Ivon 1>"V» nr; lor ft 'tc-ijyrfttur«.. of 

Tabic of Selected Valuer 

mniW ' iuiiuebs Vi/vJ 

.'
V

 





8.003 

AMOPmOH of I050H on 0IA88 

Wnurcw» of Dntnt . 

K«»»o», V. K. “>* Sel»™-*. J-' nw»1“ -• '01>0'31 ( 91 
K«.o», y. H. »M r^ldt, 0.. Prod. »0.4. 6cl. A-lord- ¡6, «5-32 

C0*an8ût*t _ 
adsorption of won on glMi at Uquid hydrogan tempsrature ha. 

Sen found to follow K»nßa>iur'. tlieory fairly w*ll. 

T ■ 11.45¾ 

Free.• 

M ng 

O.OO3I 
O.I76 
0.3^4 
O.544 
0.Ö30 
i.ao 
1.61 
l.yl 
1.93 

Adcorp. 
^s-riole 

’km**' 

27.37 
3O.72 
33.95 
37.or 
40.08 
42.96 
45.ÍÍO 
43.79 
52.20 

T ■ 11.79¾ 

Pre§*. 

u Hg 

Adacrp. 
pro-mo le 

yjh¿ 

0.195 
0.441 
0.757 
1.17 
1.67 
2.34 
S.96 
3-55 
3.66 
3.7O 

20.37 
31.59 
34.71 

ñ:6a 
43.07 
45.63 
48.55 
51.98 
55.52 

T ■ 14.135¾ 

Preafl• 

U H« 

o.oicrr 
0.3600 
0.9240 
1.6490 
2.982 
4.2J6 
5.5W) 

■p ■ 14.5OOH 

Miiorp. 
rrri-íVúle 
V Ò 

k»¿ 

Freaa. 

u Qg 

Aôacrp. 

ka* 

16.66 
18.75 
20.43 
21.76 
22.81 
23-89 
24.53 

0 
0 
0.00450 
0.04*0 
0.324 
1.23 
2.86 
4.K 

3.41 
6.02 

10.21 
14.25 
17.53 
20.05 
21.72 
22.93 

T « 17.029¾ T ■ 17.447¾ 

rv-aa. Adaorp. 

fia - î-ôle 
u Hg Am2 

0 
O.O699 
o.4ii>8 
1.472 
3.187 
5.400 
0.037 

10.88 
14.170 
17.270 

1 ro 
7.10 

10.33 
12.98 
14.77 
16.10 
17.13 
17.91 
18.24 
1O.75 

rroOB. 

u Hg 

0.0163 
0.146 
O.63I 
1.Ö00 
3.60 
6.00 
3.60 

11.5 

Adsorp. 

ra-f;nl- 
¡=2- 

3.43 
6.75 
9.72 

12.0.1 « ^ rs 1 ^ . U*J 
14.84 
15.75 
16.41 

—■— . 7/14/59 • t / *" # ** 

T * 19.^6¾ 
Aisorp. 

T ■ 20.297¾ 

Pmeo. 

u Hg 

O.IÎ.43 
0.9429 
2.741 - « z’- 

8.O5 
li.2 
14.S 

3.25 
5.88 
7.66 
tt 
;:S 

10.53 
il .GJ 

5.125 
7.195 
9.473 

I Pmao. Aàvuip. 
•rRi-wnln 

u H« Fa2 

O.0699 
0.533 
1.63 
% 

2.34 
4.35 
5.83 
A nA 

M.03 
6.87 

r^Titfr/Jpc/vXï 'i 
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8.00U 

ALGORFTiaW of GASR0«3 NITROGEN on WOOD CTIWICOAL 

Coure» of 

Horefray, I* F., Z. phyelk. Chem. jJi» 129-201 (1910) 

Ciscan* e : 
X ■ rw3 ,-f ßK.nou* nltroRrn adnorbed per 2.96U gran« of charcoal at 
Uv« prcjiauri» a.hd t<ft-fli)crut»ire indicated but. uwoaurcd at ctandard 
coridltlon® (O'C, 1 ata.)* 

Tabla of 0«lact«d Value« 

T * S3*X T • 19U.7K 

Preceur« 

cm Hg 

X 

cm3 
y? ’T»— 
2Tÿo5®É 

PrcBBure 

cm Hg 

X 

cm3 
EÇVw 

1.3 
2.2 
3.3 

34.3 

155.4 
103.2 
239.3 
267.0 

1.4 
4.6 
IS.? 
25-3 
51.0 

I5.O 
42.3» 
7O.O 
96.5 

121.0 

* nverffco of **1.9 •*“! 

T ■ £73*X 

U?.? values glv»n 

T • ?44.5*K 

Pt -ctMavti. ri 

en 1¾ 

V A 
cn3 _ 

2.904*3« 

t « «¿á»MWU al 

cm Hg 

•a 
A 

en 3 
2.9^5cm 

7.2 
17.3 
22.9 
31.2 
^1.0 

4.53 
IO.7 
13.0 
17.6 
25.4 

2.5 
7.5 

13.6 
23.6 
37.3 
57 3 

5.04 
11.0 
19.5 
?0.2 
SO.? 
51.2 

Ki/r/jjmyvjj îûmlcdj (¡ùfcï 
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3.001* 

AXOnrriON or GASEOUS NITROGEN un COCONUT charcoal 

Sourcftr, or Dut»; 

Do'/ur, J,, Pioc. Ruy. Soc. (London) k[b, 122-27 (1901*) 

Titori’, A., phyn. Chrm. TU, òLl-iô (1910) 

Commpnti;: 

X - cm3 oi* RttiJrouB nitrogen edborbed per grsin of charcot-1 
ut the prenuure nnd tempernture Indicated but meaiiured nt 
standard conditions (CC «nd 1 atm). Q lu the heat evolved 
by thin ttduorptlon. One cnlorle - 4.1340 Joules. 

Table of Selected Valaee 

Temp, 

*C 

rreuoure Range 

mm Hq 

X 
cm3 

'4 

Joules 

uf\ 
o
 

o
 

c
 

o
 

o
 

o
 

o
 

1 C - 7'v0 

0 - 10.7. 

10.7 - 91.6 

91.6 - 170.9 

I79.9 - 342.2 

342.2 - i>?4.4 

524.4 - 743.9 
1 

1 r r 
¿JJ 

0.25Ö 

2.210 

4.I69 

7.237 

lo.052 

13.049 

IO6.7 

0-356 

2.122 

3.754 

6.463 

0.934 

11.58^ 

kLi/üI/r i.“ÏÏ 



ADGOMTIOH of CAl^WN MOfWXIDE 

Adncrptlon of Carbon M moxld» nn Zinc Oxide 

earner, W. E. and Mnc/;o, J., Trano. Furnday S'C., 32, 17^^-0 
(1936). 71)1.1. refoi'ence clv<*3 valueo for adn.>rbed CO on loth 
oxidized and reduced 2n0 for ten,ierntureo fren 9°* to 31Û*K. 

Adqorftion of Carh.>n Itonoxlde on Olar.n Platea 

Itterbeek, vnn A., and Vereychen, W., Z. phyaik. Chen. pl8, 
I3I-I7 (19^1) • Thto reference «iw« adoorption iootheinTuii 
for CO on ßl/ina plate« at low pre»euren for temperature» of 
67.3% 72.92% 79*90% arid 90.20% 

Adsorption of Cvrbon tVinoxldc on Nickel Fllwn 

Eeock, 0., Smith, A. E., «M Vfheeler, A., rroe. Roy. 3oc. 
(liOndon), AIT?, 62-00 (10^0). Thin reference given two 
icothem» for the adsorption of CO on Ni films ao a function 
of proncure. Hie two températures are 23*C end -l02*C. No 
tabulation of expnrl/nental dût» is given. 

Adsorption of Carbon Monoxide on Varloun Iron Cetalyate 

Pudnuroki, H. H. and Enmett, P. H., J. Fhyn. Cheo., ^7, 159- 
ó1» (1953)* Thin reference given e.d-jorp+ien character ist lea 
of various Ke catnlyrts ror (¡0 free) lO"*- to 7<>J rai Hg and 
between -199* ar,,i 200*C. Very little tubulation of experi¬ 
mental data Is given. 

AdnorptLon of Carbon Monoxide on a 5pathetic Tron-Arron 1a Catalyst 

Bnunuer, 3. and Ennrtt, P. H., J. Am. Chem. Soc. 175^-5 
(1935)* Tills reference given an luloorpllon isotherm for CO 
on nn iron catulynt at -1<33*C. No tabulation of data is 
given, but the plot in large enough to reed v»*ue« with a 
fair amount of preclnion. 

• « . . r n . . ... r. 
*%* * »^#11 , f j» VM. 4^J ^ W/* V 

Pltv/enen, vnn V., Riycica 6, 353-63 (1939). dlls reference 
given aduorplion data for on Uenorex-H (n eoniiere.ial nd- 
norbent.) at temperature» of S6.1Q* to ^7.51)% 
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AJD60KPTIOH of CAIlBOtl MDWOKH* (Cont.) 

AA»orytlon of Cfcrbon Mon one IA* on Mica 

ArsiruiUr, K. A. Au»t!n. J. B.# J. A*. Ch«. 800. 6g, 
467-75 (1^33). 'fhin r«f«r*iw;* Ri'¿a exp*rlainUl for 
thi idflorptlon of CO on «de» at 1Ô3*K. I^ta for both »urfM« 
h&i»4 »le» ftnA aurfaat pu«p*4 alca ara given at Ihl» t#i«G*r- 
atura. 

AflsoiTtion of Carhon Mnr.oxiae on Copper 

Besbe. R, A., Le*. 0. W. Jr., and 0oldwû»Mr, 8., J. A«. 
Chem. Goo. 58, 2Í96-9 (1936). Thi. refarsac* gire» exï«rt- 
sstital data t'or tha adeorption sal teat c*» absorption of CO 
on Cu at -163*0. 

Aâaftrpt.lon of C*rVon Hyoxida on C^oath Etrel Pttrfa^a» 

Art-.VnwVir. M. K. »»1 Austin, J. 2., J. A*. Ch^*» Bm* 66, 
159-71 (19¾). In tMe r*f«.r*ace »^acrpfticn iactoeraj «u-« 
plotted fer CO on eaocth owïc'j-d eteel at ttJRpwatnrt» of 
-I??*» -IÔ3*# aûl -76*0 up VJ a jerciíeuc* of 0.1 en îlg. 

Aa«.:’rptlc.n of Gg-rhcm lfc«o«id<i on Silver 

krt**wt»r, M. H., J. /n. Ctesi. ßco. 6''vv ?A5-53 (l?*4fî). Iñl» 
vtttma* /rr.von r^accí^K^a 1»ocmsuj^* nv "—'J v* -«* 
(¾ eu A'j 6j*¡*fieía for ¡¡pistcw-a up »5 0.1 ca îtj|. 

Adeo^ntioa of C»rbon Wnoxida on P?j.t lntu> 

Griffîn, C. V., J. Am. ChfB. Sco. 64, ?6lO-13 (1942). Thl» . 
rnf*-íftc» glvne data for Hi* «¿Iíoív-ívií cf CO on rt freu 
-73.5* to 0aC for ttesa prc*aur*a. 

AdacrpUon of Cjubon on Cdeeiun 1:114¾ 

f' r anA T/Mtn-r. T>. M.. Tr*»'«. ?arart*v Goc. 47. 77- 
67 ? 1951^. Thi* rafarenca plot* adaorption ieother«* îroe» 
79.52* tó 91.50*K for 00 on Cal up to a praeauxa of approxl- 
Bkitaly 3<5 no 1½. 

ïflt>*i*ds X/Xfi') 
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AKJORmON of CARDON MONOXIDE on PLATINUM HACK 

Source of Data: Drnton, A. F., J. An. Chea. Soc. U8, 
I65O-6I (1926). 

C vr-'t\Ui : Eentun reporta the aiîr.orptlcn of CO on 
i*t black to be 7-72 cr.V^«26ÿ pj Pt 
bluok (reduced to 0*C and 1 atm) at ?5*C 
and 77Ò.5 nur» llg. He aleo reporte that 
the average volume of CO adenrhed" r»»e «nit 
volume of'pt black is 37.6 at 25*C'and 1 
atm. 

► 

I 

Ji:i;uc<i: 6/16/5!) 
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ADSORPTION, fl*(NrP)/lb of Chorcool 
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''•.or 

AD.Tcnvriow or cah’wî MnrjoxrDM on acttvatkd charcoal 

(at -inj'C) 

.V urcr rr »a n 

Itowc, H.i rhU. (7), l, 10l»P-5»» (19.'^»).• 

C' -ryiontw: 

T»«* ndnorptlon in r,lv**n In oqulvulont or carbon 
mr.ntixMr at normal tonppruture and pronnuro (0*C and 
1 ntwvipbcro) por rr<un of charcoal. 

Tabla of Delectad Values 

Preoiure 

rwi H,d 

Adnorptlon 

er|3/,5H 

а. ii 'a 10-5 
9.0 X 10’/ 
l.fi? X 10*M 

б. 77 X 1(T¡* 
l.PO X 10-3 
l.'io X 10‘3 

í’.oíí » io*3 
3.09 ln*- 
S.37 X lo*-* 

11.no X 10-3 
120.7:- X 10-3 
i«0.PU X 10“ 1 

9:-.60 X 10-3 
ttj.ul- X 10-3 

0.:-39 
2.1*7: 
**.007 

17.96 
30,01 
35.33 

**7.7íl 
:7.17 
67.:3 

Ol.Rn 
91.02 

100.96 

• ion.75 
LU.2) 

lïïrr I.i.tjfd: ñ/l T/a; 
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AOiXJRTTIOíl of CARnOfl M0ÎJ0XTDP! o ACTIVATFD CfiAHCOAL 

(ut ^*0) 

rvMircc of ^ • 

Rove, H., rh!l. Mir., (I), b W-31 (1^6). 

Pr>wnr»nt.n t 

T»i»? adnorptlon in rlvrn in equivalent en3 of carbon 
monoxide at nomml temperature and prcnnur«? (0 C Wia 
1 nimonpJiere) per r.ram of ctiarcoal. 

'fable uf C«loctel V Ouen 

Ireanuro 

mn Hq 

Auttorpticn 

cm3/p7n 

U.rtJ y. 10-3 
o.TP? 

19.21 
.>)i 'ff *' «u * • • f 
*v"i *• 

Mt.?* 
99.00 

C*fA 
GC.tf 

l.lr<l 
1.079 
R.l*l7 

3.152 
3.730 
i».U4|) 

t\.r% 

7.55I 

6.694 
10.31 

KiíTTñTír t~—~, rr/'V7v7 
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ADSOhmON of CARBON MONOXIDK on '»OOD CHARCOAL 

Saur?c of Dn.t.nt 

HomTrny, I. F., Z. pr.yulK. Chem. J)«., 1?9-?01 (1910) 

Cory^rtn t 

In tho tabulntlon bclov X to th« nmount of carbon 
monoxido adsorbed on r.mma of woo<i chnreoal at 
the tempe rature nnd pronr.ure Indicated. XI» expreesad 
In equivalent crn3 nt 0*C an^l 1 otmonphcrc (Í3TP)» 

< 

Table of Selected Valúen 

'femp. 

*K 

Precs. 

cm H/Ü 

X 
cm3 

Temp. j 

*K 

Preoe. 

cm Htj 

X 
cm3 

191».? 016 
3.0 
it .0 
7.? 

11.7 

11* .ft 
l.ft .7 
?0.8 
44.? 

IB.5 
51 .?6 
6?.0 
eo.o 

101.0 

101.7 
1?0.0 
nft.5 
157.5 

244.5 22.9 
30.2 
5O.O 
C3-5 
7Ô.Ó 

41.4 
57.8 
6/.2 
74.0 
ß?.7 

273 7.3 
IB.O 
30.4 
54.() 
7I.3 
08.2 

7.5 
16.5 
25.1 
30.1 
44.52 
52.3 10.1 • 

30.0 
3? .0 
Vj.O 
9!>.0 
67.0 

?7.3 
40.0 

.0 
0 r .0 
76.0 
04.0 

?93 I2.3 
30.0 
49.5 
ft5.6 

7.0 
15.4 
23.2 
35.0 

KIb’/ÏÏr/l'/v.IJ loiiueilr ?'/<'*/yj 



SUM-ACR TKNÜION of CHYX.KNIC LIQUIDS 

roNTKNTS 

Cunvornion Kactorn i’or Rt<rf'aco Tciwicm.9,000 

Surface Tenulcn of Liquid !îcl}»itn.   9.OOI 

Surface Tcnulon of Liquid Donnai Hydjv.r,.en...9.002 

Surface Tension of Liquid Neon (at uaturatlon).9.003 

Surface Tenniun of Liquid NttroRCU (at obturation).9.004 

Surface Tension of Liquid Carbon Monoxide...9.007 

Surface Tcnulon of Liquid Fluorine..9.OO8 

Surface Tenulon of Liquid Arfi;on (at unturution)....9.009 

Surface Tenulon of Liquid Methane..-,.......  9.Q.IO 



'TTs.^w"»- anuía.» **• -~-~r r -t-ri4.rr », . , r» V»- »«*«/ 

. V * '..»»• ■ . t ■ -’■»*• . • 

9.000 

CONVERSION FACTORS for SURFACE TENSION 

dyn<» 
cm 23 • crí? mm in 

lb 

¿m. 1.000 1.000 0.10197 2.59OI 6.053 « 10’5 

lá • 1.000 1.000 0.10197 2.59OI 6.053 * 10“5 

l*m . 
-1 nan 9.80665 9.60665 1.000 25.^00051 5.573 X IO’4 

1¾ * O.3O609 O.33ÓO9 0.03937 1.000 2.6459 X 10-5 

>£ • 1^593.15 IU592.I5 179¾.37 3779¾ 1.000 

! 
tl 

! 
i 

i 
1 
I 

V.J.î/jTtC Ii.MJf.i: ij/i/V) 
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Source of Pat»! 

Keeaora, W. H., HeUun, Ülneviar, Amaterdaa (19^2) 4^4 pp. 

Otlier Beferenoea t 

Atkina, K. R.# Can. J. ?hy». }!, 1105-^9 (1953) 

Vou Urk, T. A.« Keecicm, W. H. nnd Onnea, H. K., Coenun. Phya. 
Iah. Unir. leiden So. 179» (1925) 

Cementa t 

'Ilw nbçolute temneruture ccale (0*C • ?73• ^’S) 
V?* Ubed in the table of aelooted values below. 

Itejeprmture Surface Tension 

•x •R tone» 
ca 

lb 
Tt 

2.5 

3.0 

?.5 

4.0 

4.2 

4.5 

5.0 

5.2 

4.50 

5.40 

6.30 

7.20 

7.56 

e.io 

9.00 

9.36 
J 

0.264 

0.215 

0.164 

0.115 

0.093 

0,640 * 

0.0115* 

0.00 * 

1.81 x 10"5 

1.47 " 

1.12 - 

O.?«! " 

O.633 •• 

O.439* 

0.079* " 

0.00 * 

* Extrapolated Value» 

Dí‘M/i;AH i;.i;urr"l: if j/V) 

.* -t 
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9.002 26 26 

TEMPERATURE, #R 

30 32 34 38 

■L ..i 

•,* ^ 

1 

•hj-H 
• •*• H 

' ' ; 
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SURFACE TENSION of LIQUID N0»\MAL NYDRCöCH 

Sotirce* of Dftt«î 

Kiuftwsrlingh Onnes and Kuy*<rrt, Coma. Phy*. lAto. Unlv. 
leiden No. jU2 

Proo. Roy. Acnl. Acoitcniaw IJ» 52Ô (1911*' 

Int^rnntlonaX Critical Table» IV, 33^*^! 

Coflwwsnta: 

The data of Kerwerlinah Onneo and Kuypera appeara 
to be the Oiily available to dute. It vus obtained 
In 191^ and hence refer» to normal hyiroRen. Values 
given are for tl« liquid in conUot with it» own 
vapor, onl or« In dyneo per centimeter. Hie experi¬ 
mental point* fall on o perfectly straight 11ns «hen 
eurface ten»ion io plotted a^alnet absolut« temperature. 

Tetcrerature DBCCuremente wore accurate to i.02"K and 
•urfucc tension ortMureoenta to 1O.I5I 

TebJs of Relented Values 

Temp*■ 

•k 

Surface Tension 

dyneo/cm 

2O.UO 

13.70 

17.99 

16.16 

14.63 

1.912 

2.197 

2.31Ô 

2.63j 

2.08p 

KFW/V.U lnH.i.-d: ‘ 23-99 
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9.003 

ÜWfTACE TENSION Oí’ SATURATED LIQUID NEON 

GourcTC o*' Dntn: 

Su^y/Milic 1 m, E. A. » J» Ch^m. Phy»u 1^2.» 25}~b\. J^ -) 

Mnn Urk, A. T., Kf< ¡ 0(n, W. H. «r.d N»lh*:‘rr, 0. P., VriC, 

Acavl. 8ct. Amstrniara ¿2» ^^-14 (1920) 

Table of f-eleoted Value* 

Temporature 
"K 

Surface TenolOfl 
(f), <ly:æ/cra 

24 
24.0 

29 
29.7 

26 
26.6 

27 
27.«* 

20 
28.3 

9.yo** 
9.61» 

5.5O** 
9.33* 

9.15«* 
4.yy* 

u.no#* 
u.69* 

4.49 ■* 
4.44» 

# Exp^rlncatal valurs 
** .Smoothed value* 

KDf/üDi' * ISir.ued: u/' />9 

( 
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r»iJHKA(’K TVJNfîICK "of 'WUKAitÜ UC-ID NT-TîVxïKN 

Srnm frt- of Uttftî 
i*nly, K. C. '»i»1* IVituiua. G.» J. Hhctn. Coe. (London) 

N". <*}, '*>)•' t U'X>2) 

CninuiMoh. L. > Ajuj. Phyuik 10/-11H (j'.Wo) 

Grunmnchi L.. W'yolk "». J_$ fkO*k (lryOo) 

International Critical Taiilm (1930) 

Table of SçlacteA Value" 

Tenp. 

*K 

Surface Ten»ion 

dyne/cm 

Tepiji, 

*K 

Suj^faca Tension 

dyne/cm 

66 

70 

71 
72 
73 

74 
•f f 7v 
70 

77 
77.3* 
T/.3* 

77.3« 

11.00 ♦ 
10.7Ó 2 
lo.b'j * 

10.iO * 1$ 
10.(^7 i 
9.04 * 1* 

9.62 í 1^ 
9.30 * 1* 
9.I6 t 1Í 

Û.94 * 
n.G‘; t 1% 
0.77 i 1Í 

».914 

70 
79 
HO 

* 01 
02 
0J 

04 
09 
06 

07 
00 
89 

90 

O.72 t 
0.10 1 
0.27 * 1* 

fl.r*; * j* 
7.04 1 1% 
7.63 i in 

7.42 2 1$ 
7.20 1 l'j( 
O.99 1 1^ 

6.7O 1 1* 
6.57 4 1Í 
6.37 4 1* 

0.16 4 1% 

# IJorroi boiling *irp*,iitura 

Kl/l'/i-Lb’ *• ». i r i J .. 14« ! i •/ / ^ 



S
U

R
F

A
C

E
 

T
E

N
S

IO
N

, 
d
yn

e
s/

cm
 

' ; r- rs -V. . rt, . n ' -* * ' ’ * • *. r* >|T c * < r—• «♦$ ►«-». « -n« • 

' y~~~' -■* ■ 

9.ÖÖ7 TEMPERA Í Ui.T, °R 

, . 

,ÿ 
Ä 

1' ' 4 
I •.* ' 

-V '■- -■ . -V-\ .--. -. •. •' -. • 

S
U

R
F

A
C

E
 

T
E

N
S

IO
N

, 
d
y
n
e
s
/c

m
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ÜUIU-'ACB 

r,'v.rcs nf !>>u? 

TEICluN of Cj'vKL>J!I !«.'K0XIIK 

Crrerrrlln, C. A., Prue. Ch«ïm. 
(l/nniJon) J0f 'M (1911*). 

r.oc. 

Cpj.ccnt31 'ine nbow rcfrrtuc« la u correction of 
Diily, ?.. C. C. and Dommn, F. 0., J. Chem. 
Suc. (Lc;^cn) 3l, 907-ij 

l'agio of Grl^ctod Values 

íüijñür Ia.¡uc«i: jl’J'r* 
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SURTACK TT NS IOH of LIQUID FLtfORIlŒ 

Booro» of P»t>» 
White, D., Ha, J. H. »«d Johncto®, H. L., J. Aa. Che®. 6«, 76, 
2>64-6 (195¾) 

Otbnr Rgf»ronot*t 

KMilA. E., Bull. Chet. Hoe. Jap®» 12^, *»72-9 (1937) 

Wide, E., AiHi^rv. Ci»e. <¿6, 701*10 (195¾) 

¡¿lv«rtB, 0. W. «a¿ Do««ohe:r# R. 3., J. Cfc*«. Ph/*. 20, 163^-0 (1952) 

C-yvisatB i 

Tío tur fee# tenulon of liquid fluoriot aentureewntt ver« s-Ae vlth « 
cftpillfci*/ tut)« ynd wert cftlcultv-id fres tho c^juatlont 

i 

I 

i! 
; 

1 

;j 
- A 

! 

» 
.4 

■ ; 

6 . . « - § (d - d‘) (1) 

ÍV&2 
vbtr«t hi tad La tro rt«Ul of curvutur« of tba tvo awula?»! 

d ®jad 4' it)« dettaity of th» llqaid «ci éM, rcBp*oUv«ljr) 
U jn tiw ùii lui vu«-« lu Lttvttn thÄ c^yillt^y ®nd tfcs 

rofcr*5ua« tut« i 
g la ÇvX3.11 eis/tco*« 

Ihi, «t al. rcvjad ti^t twrfte« tantlon «sta over th® tütini t«í*i«ratura 
ra^i» e ou 14 b« re^ruMaUd Ly th» »»cLecd «quation t 

“tA7“ “ C 
vier«t C 3 îisclscd eoactcat “ 1.27« 1 0.002 

KarAa's date v^ie not lo «er««9»st vith tV-e other Inwstlnatort. It 
V r„ jr.ioivd out by Ru, «t al. that tti» dir« it y MMUur«»v»cta K«Àe by 
*j.;.V a vtre rji* lover than ti« teeeptert vtijet. If K&niî-a't dnta #r« 
oo'iwt.-l for daralty, U«? agrasse nt vith tí« other icvattiGstor» 1» 
Xa^otvl# 

7utle of 5«leçtrd Vnluet 

TOKp. 

•K 

Surfnee Teutluu 

dyac/cr» 

«•*. -▼ t* r A 

Conntunt 

fV«k«t #«®r»wB 
«*%• • e * « 

equa. 2 
ob«A - mied 

l*« 

70.26 
70.60 

72.05 
73*35 
75.^9 

75.19 
77.15 
79.90 

1_ 

lb.o> 
17.70 
17.!*0 

17.02 
IÓ.Ô6 
16. 

16.20 
15.73 
l»t .Ci 

i_-*--- 

l.üiï 
1.277 
1.275 

1.27¾ 
I.270 
I.2OO 

1.277 
1.276 
1.272 

ü.Uü 
.07 

- .05 

• « 10 
.11 
.20 

.02 
.01 

- .19 

Ky H I « tivird : O/V/^9 
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suwacs tención or saturated iiquid arson 

Sourcro of Dntw: 

Baly, E, C. C. and Dorman, F. 0., J. Chcm. Sop. Rl, 907 (1905?) 

Frenkel, Ya. I. «uid Gubaror, A., J. Fdtpil. Theoret. Phyu. (U.Ö.S.R.) 
lb, 435-5O (1946) 

Inouye, T., J. Phya. floe. Japan 6, 24j-0 (l9bl) 

Kirkwood, J. 0. and Buff, F. P., J. Chez. iTiy#. V[, 330-43 (194?) 

Oown^ni"; 

The Bf»l*P\Llar eurfnee cnci'f^ Meanured Rad «urfaca tenuion vaa 
calculated by the exunMBlom 

y (Mv)^3 ■ £.02 (145.44 - T) 

Whe.'tti 
M ■ Molacular weight 
y « Bpecillic Yolume, ctil/ai 
f m Surface teniilv;n, dyue/cm 
T » Tccpcrature, *K 

Tulle of Selected Valúen 

I'emperntUi'e 

*K 

Surface tenolon 

d^o/cB 

64 

«5 

86 * 

87 

ÔÔ 

09 

90 

11.46 

II.30 

11.15 

11.00 

10. Ö4 

10.6y 

10.53 

Vin/Rjn liuiucd: R/í'A/59 



S
U

R
F

A
C

E
 

T
E

N
S

IO
N
 
, 

¿
y
n
e
s/

c
m

 

9.010 

TEMPERATURE , *R 
170 »00 190 205 

n À FT n i r r n ri n i n r I r rr 'y 
\ i i L. 
\ 

SURFACE TENSION 

of LIQUID METHANE 
\ 
\ 
\ 

V 

\ V V > 
\ 

L 

H 
\ \ 
4 N y 1 

A \ 

“t 
\ u \ 

_L _ _ -- •mm* . -1— _ 

wo 99 t<y) 103 lio 113 

TEMPERATURE , °K 



- 

> -.' • TV- >. - * - 

■b¿» ■ I1^ •'m'tm,^ -• «*>“ -k- **i.'-*»--* iw 

9.010 

îjtniKACB TTHCION of U,UID W:T!iA».T. 

Sierre of Dntu: Roßolnl, F. D., «t al., Scloclod Valuóa 
-of rv.yelciil •ind y-.'Twodyn.unic l’fotx-rtloc 

Õ7 Hydrocnrbônn »n5 t^lnt'od ¿ornptiuiuiü, 
Cai-ni-i’ic h-crn, FTTtob'ii'cl) (Wj*.), P«" 313. 

Cnrwmnto : Values arc at atmoiifïujric prcccurc except far 
-tïio value ai 113.10*K, vhlckt in al aauuratlon 

yreasure. 

Table of Selected Valúen 

Temperature 

•K 

Sui-faco Tendon 

dynco/cm 

93.if> 

103.16 

113.16 

18.Û 

Vj.Q 

lí.? 

Normal Molliny Trmp. - 90*¿*K 
Normal lioiltnK Temp. - ill.7'N 
Crltloul Température 190.7*K 

HFH Ira-* i: tfliï» 



-■ h ' i-^rtknViiTi ;nr nhv«3^. — ikífitt 

10.000 

VTDCotm cf CRrocmc n,uin; 

ccmvro 

Conv**nilon Factors for YlBcoalty..... j0.000 

Vloecslty of Uquld Helltan.....10.001 

Ylccoul*y cf üb»j«oub Helium (ua 01 ene Btuuüphem).10.001 

Vincos!ty of Liquii Syirogsa.10.(^½ 

Vlacosity cf üas-.oiw Ä^äxogea Bt Low Premmro (froa 20* to Ö0*ic).JO.ÛO? 

ViBcoatty of Oaaeuuu Hydrcg^n nt Low Preooare (frm 10* to JOO'X).10.002 

VlocOBity of Ofttcouu Rroa «t Low Prenaure (fron 20* to fiO*K)..#..10.003 

Vlßc^oity of Gaaecua N»oa at 0«e AlffoapberB-.......IO.OO3 

Viseoaity of Oaaeoue Neon below One Ataoaphere (at 20.12* and 90.08*JC).IO.OO3 

Vlncoaity of Liquid Nitrogen.......10.004 

Vlacoältf of Oaoeoun Nitrogen (le.lev oce atmonphera).  ....10.004 

Vicccslty of Gsusauu Nitrogen (at on* atanapbere)¿.10.004 

flaooalty of Qaaowua NItîTgen (above o»e atnor.phere and at 25*C).. . . .10.004 

Vlacoelty of Liquid Oxygen........10.00? 

Ylocoiiit.y <jf Oaseoua Oxygen (at one aluoapbere)..........10.00? 

VlRCoelty of Oaoeoue Air (at on* atarepbera).........10.006 

Vlocoúlty of Liquid Carbon Monoxide...10.007 

viuconlty of OaneouB Carbon H<^noxl<Je (at one atinoophere).10.007 

VlocoûKy of Liquid Fluori.ie.....10.008 

Viuconlty of Quoroun Fluorine...IO.OO8 

VleCGully of Liquid Argon (at ^uLurutlon)........10.00^1 

Vluroalty of Ourouo Argon (at ?5*C).10.009 

Viuconlty of Liquid Methane.10.010 

Viuconlty of Gancouu Methane.....10.010 
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» MJK*¿ ■ ¿en u-irtêd* ■ 

10.000 

CCWVfnsiON FACTORO for VISCOSITY» 

Polit 
lb une 

in'? 

lb 8«q 

ft2 

lb hr 

In2 

lb hr 

ft2' 

1 POlM • 1.000 1.1*504 
X 10-5 

Jt.OflÔó 

X 10-3 

4.02O9 

X 10-9 

5.8010 

X 10-7 

. lb MC 
X ——e- • 

la* 

6.fok7 
X io^ 

1.000 
1.4400 
X 102 

1.7770 
X 1Û*4 

4.000 
X 10-2 

. lb ««8 
i -£r • 

M680 
X 102 

6.^445 
X 10-3 

1.000 
I.929O 
X 10'G 

2.777a 
X IO-4 

1 ÜL££ a 
ln^ 

2.1w?l 

X 103 

3.6OCO 

X 103 

5.10410 
X 105 

1.000 1.4400 

X 102 

llbhi a 

ft- 
1.7237 
X 106 

25.OOI 
3.£000 
X 103 

6.94½ 
X 10-3 

1.000 

, ái*Tit poo _ , ff« . , lb sag 
1 Pol!»« ^ 1 U-0— ■ 1 -1-1 1 —T” 

car cm peo ft*- 

KlncmHtlc Vlpcoclty •« Absolut« Vlocoulty/Denplty 
* Refer# to Abnolut« Vlncoulty 

Note lb aa «sei tbrc«u<hout refers to a pound fere« (ibf) 

. ! JPiïL 
ft «eo 

VJjyjHC I.innVl: lO/r/y) 
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10.001 

yiSO.YJTTÏ of L1C40TD HELIUM 

, Sc*.»rge of Ds^t 

•»viylor, R. D, <uA Dm h, J, 0., Phy». Rat. 106, Ko. 3> 39^-^3 
/ wi_*■ 
\"“V *7/1/• 

Ct.h»r Rfff»catv>^st 

oiMiqiM, V. R., *t. Ri., J. fJi. Qv*a. 8oo. 6l^ 65**-6ô (Maroh 1939) 

Voofo, A. D. B. fu*l Holll» Pallatt, A. C.# Cl». J. l^ÿ*. J6, 
253-1125 U95Ö) 
Dwh, J, 0. »ul Taylor, R. D., F\y*. Rev. l^J, Ko. 5# 122Ö-1237 
(s-rt. 1957) 

gac-TBata i 

Th* abaolut» t«rp*r«tur3 {0"C • 273*16*K) **• «Md Jn th* tabl* 
«f ealsetod v»l*»P beîxw. 

Tw). 

•K 

2.1Û6 • 
Z,b 
2.3 

C,U 
2.6 
2.8 

3.0 
3.2 
3.* 

3.6 
3.8 
4.0 

Vlaooolty 

nlcroj>oloo 

27.8 
2C.9 
32.6 

35.0 

2*2 37 .u 

37.6 
37.4 
37.0 

36.7 
36.3 
36.0 

# A-Poiiiw Tranfliticn Tenp*r*t‘U*« 

IXiM/OÍR Iiifjur Jj 

\ 
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10.001 

nSCOGITT of GASEOtB HELIUM 

(m of 1 atnoi*phii*«) 

Rouro« of D»t«i 

Akin, 6. Tran». AUMic ¡2, 751-^7 (Au#. 19i>0) 

OthiP ihnfwriioo«») t 

Kmrttin#, 0. A., *P*na. A3« JO, 655 (19^) 

ElLianrath, J. «cd Touloufcian, T. 9 , Tïtoi. AS« J6, Ro. 6 (Au«. 195*0 

KalLer, W, t», Riy». Be*. 105» *<1-5 (Jpa. 1957) 

Itejrtr«, F. 0., Tp*m. ASMS Ü, 5Ô9 (July 1951) 

JOistln, J. and F*l*roiyt, K., 1fre.nj. ASMS J6, 907-999 (195^) 

Kaatln, J. «ul Vtzf, E« 1., Trat«». Aii« oO, 11 (ly>i) 

Ai**ur, I., j. cu^. r^y«. Ko. 7 (J«iy 19**7) 

Van Xttertx*!, F. V., LXÎvr^irÂ, 0. J., Vu tea Ecu’«, 0. J. and Van Beck, 
3. J. M., PLyala« X JÇ. U>)-1162 (1953) 

Cix . n. ‘.¡J t 

Value« for viMcxity «re «Iren far astfrei« JW»»’’«« ln ti» neighborhood 
of ont ttrcr yjT.rw, In uvis regiua Ut» via cos Uy is procticnLLy loAspaai* 
eat of prsesnre. 

Tía alsoluU seals (0*C « ‘¿($.IC*k) vu» ussd la t)» table of 
»¿Isotal valúas mIof. 

T»f5>. 

*X 

5.5 

10.0 

20.0 

30.0 

ko.O 

50.0 

75.0 

100.0 

Ylrooclty 

R'orrtpolre 

10.k 

22.3 

35.0 

4.,.4 

s4.fl 

63.3 

81.9 

99.0 

Tv's.’p . 

*K 

125.0 

I5O.O 

175.0 

200.0 

Piai.O 

25O.O 

275.0 

3OO.O 

Vleeoaity 

wloropoloe 

114 

120 

142 

155 

1AA 

173 

191 

201 

% „V 

^ i_* 

P .• 

k5-J 

111tM~;<JÂÏÏ^J.! Iu: urül cJT7*V 
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10.002 

\rtr,coüiTT or liquid hydrookn 

Source of Dat^s 

Other RcferenccH; 

Johns, H. K.# Can. J. Research 17(A)> 221 (I93y) 

Kccooos, W. H. tzd liacWctd, C. E., Phyalca $, 7½ (i-93*) 

Vun Ittcrterh, A. and V»n Paemrl, 0., Physics 7, £08 

Van Ittcitcck, A. and Van Peenei, 0., Phyplcs 8, 133-^3 (l?41) 

Verschaff«It, J. E. and Nlcaioc, C., Communs. Phys. Lab. Unlv. 
Leiden Ho. l>le (1917) 

Coiiimeritat 
■ae first dctersinetioa of the viocooitv of liquid hydrocen vno^oad* 
at L’O.lb’K by Verbchuí felt »*»<1 Hicele«. Later, Ui« vlaco.ity o. 
liquid hydrogen vas mcanured from IS* to !OvK by Keesom and HacWood, 
ualng an oacillatlna disc, vhlle John« uaed the capillary flou mcliioa. 

The selected /nluea in the table below were taken fro« fip.url* 17i ?«£« 
45? of HI* 1932. They represent the most probable values for viscosity 
of liquid hydrogen and were derived from the cunre drawn principally 
between the data of Verschaffen and Nicole* and that of Kvcñob and 
MacWood, Near the bollln« point the curva was drawn approximately 
parallel to the curve obtained from Johns' data. Data from Van 
Itterbeck and Van raecd is shown for ccwpnricor but vns not use. .or 
plotting the graph on the preceding page. 

The ebnolute temprreture eoale (O'C - 273♦l^**) *** U9e^ 
tabulotlon below. 

Fmm Van It.terbeek 
Fixjm RP 1932 Van rasaal 

Tenq>ei’ature 

•k 

Vlucoolty 

iricropoloe 

Tampo rature 

K 

Vincouity 

mlcropolu* 

15 
lu 
17 
'• 

19 
20 
«» 
«. JL 

217 
197 
I?« 
î.<i 
146 
lÿ*.U 
11*5.6 

IH.'IO 
I6.65 
10.24 

10 iP. 

20.37 

2h‘*.3 
I82.O 
IS}.k 

123.8 

DKJ/V.IJ luuucd: " Jl1'/Ïü/>9 
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TEMPERATURE, ** 

hTTfTrr-fTrrTi 
iiiiiiiihhh1"” 

VISCOSITY of 

CASEOUS HYDROGEN 
of low pressurt 

TEMPERATURE 



10.002 

Viooosm of GAKKore» HYl»HiX«K *t LOW FRESSURES 

(trc* 20* to 60*K) 

of D»tst Cureiaar*, J. M. J., Vwi Itt/irbeek, A.» í^enAWier. 
““—37TT77TS*pp, H. F. P. «ad Z*odbei>i9ü# P., Fhyoloa 24, ‘>^7 (1950). 

Othsr Refawccea: Van Tttor^íc, A. vhS V«n Pvw.í.1, 0., Fhynica J, % 
-CEfaj)-10-C02, VlvOC«it/ of 0*®GOUO ílj-drogor» from 10 to 300TC.J 

Cow^ntBi TNi vtBOoaltjr of cfcaeou* Hydropeu nr6Jiui'Gil at t coróitiMàt proesura 
¿TIO ca of Hä variai» Itrxwly batvrrn tba vnipwrarurre 20 »irî 40 K «m 
ce*^*Bpc»4» to * flriit apprcsiattloo to 

H » 0.5 T ♦ 0.32 

Wiiiln th«r viseosity c.<ewtui^.U *t * conutAiil près nur« of 10 cm of Hg 
botveen 4o* e-nd ftO'X varie» %s « function of t«raper*ture to « fimt 
approxlsatiou «cccrding to the ••¿uation 

H a 0.4 ? ♦ 4.7 

Itelorf 20'K, the »hove are no longer valid. The reduced vi«cooity 
of gAMOus ÎTydrftiron derived free: quantum mectuuiioal joRaiiorationa 
dariatss free tha clf^aical thscrctical curve, nad to a firat apprexirsation 
Is repotaaauid by plotting 

H * <f # • reduced vlBCo«ity 
^ va T» j « ■ reduced tesreratur« 

Tha data plotted ar« th« oatv^thed valuta fí'Oua ti«« tabla of aaleoted 
A«.ta and td^atlfied by en eeterlak. 

l’alla of Selected Value a 

Temp. 
*K 

Viscosity 
Eilcroijolse 

'I’enp. 
*K 

Yineoaity 
Bilcropol»« 

8
í?

8
 o

 
• 
•
•
•
•
'
 

• 
« 

• 
a 

• 
Ç
 p

 t-Ç
) cs 

O
 fO

Q
 

C
4 

CW
 

C
« C

i C
l 

«r> r-i^
- 

10.4* 
10.5 
14.6 
19.1 
15.5 

15.8* 
17.5 
20.5* 
21.P 
ff.4 

47.06 
50.00 
55.45 
59.69 
60.00 

70.00 
70.77 
77.77 
Co.oo 

p?.6 
£4.0» 
26.9 
20.5 
sa.?» 

32.4* 
32.7 
35-3 
35.9* 

* Hmoot^d Value» 

Icuucd: ii'27-59 rsasTVjJ 
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10.on? 

VtSOneiTY of QftlflSrJB ÎTYDRricraî at WW IKJEtóURSú 

(?ï>M 10 to 300 *KÎ 

f*rnvr«»n nt Da*w: van Itt43Tv**k. und Clhâ«, Physic* 5* 9jö ilÿjS); 
\**ji "IítorS»«k »rvi »-xi* TVirrrl. T^iyslff« 7, ?^5 (l?“')j PefJter «ad 
Stshl, Z. fxar iThyslk l¿3, 6Jl*> (19^^)? n’y*« «b^* 21» 585 (1952) 1 
TlscVsr *aJ MlH«at.a, iTv-xr Hiy«lk 1^0, 535 (1955)I fc*t. &ir. 
Stfjaiwpia Clr. ^¿Af 2& (1955;; ni«',v»ld nod v*aj ltt«rb**k# Piyslc* 

(538 (1957). 

V*lv • ar* glv?a m of cm atawsphsr«. K^p^rlmantal data of 
!teoVi»r acd St^ihí oa tba dlffereac« ln viscosity of crtho- «M para- 
byirofisn at Iw %srpajr*t'jra« «how thAt par* hyircs*n hM th» gmater 
valu*. ïcr*ov*r> t'rf 4iff#r*bc« botvssn *<iüillbrlvM arvl ordlrwM'y 
hyfjo¿53 is of ti ¿o o*ô«r of Ç-,6‘ja. Although tU* work of ilSstvnld 
•muí vm» liter»'«*«, jnjaliahed in 1957» v«a not *v»il«bl» *t tn* ti» 
the N.si.8. circular w>s preparad» t»s« «^reotisnt i§ «xcellint down 
to i4,4,‘K except for tbs teMVainturet £93 «^oii 229*k, ** shown by 
tho data of hlctvulA and van Ittorbr«k shewn below. Tbs c-vrve, as 
drawn, is tK'it of H.3.8. Circular 5^* 

Data of Riatvall t¿A vt& Itt«rb<»ak 

Ttíap. 

•K 

Prrrsura 

ca K? 

Viscosity 

nioropolca 

2Q3.15 
229.O 
IS^.O 
so.i 

7!.5 
20.4 
14.4 

3.P3 
3.C9 
3.65 
3.¿4 

3.17 
0.94 
0.67 

06.69 
74.2 
66.97 
39.49 

32.07 
II.32 
7.69 

Unta froa Circular 564 

T ft.rrp. 

*K 

■ 1 
Vlscoalty 

sûcropoise 

J Tea?. 

1 *K 

Viscosity 

wlcropoise 

10 
20 

« 
50 

60 
ÖO 

100 
120 
l4o 

5.0^71 
10.926 
I6.O65 
20.674 
24.080 

20.757 
35.789 
42.105 
^7.926 
53376 

160 
100 
200 
220 
240 

260 
Z¡0 
ÿt)o 
300 

58.515 
63.4?? 
68.1?9 
72.679 
77.070 

O1.35I 
03.454 
05.H23 
09.594 

>HKÒ7v.ÍT* iîjr.urd- 9-3 ‘9 
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TEMPERATURE, #R 



VISCOSITY of OASEOUS KZJIi «t I£V ITOiniUmEÎ 

(rrccn 20* to BO**) 

Source of Datât Coremn», J. M. J., Ven Itt«rbe«V, k.t Beena^ícer^^J. 
TTirríS&PP, H. F. P. ttitl Séindbergen, P.# Fhynloa p4, ?57 (1958). 

Other Sefereuceut Van Itterb^ek., A» fcJil VrJl FsawI, 0«, T%íyfrlcR 7, ^5 
«IfttiL olieet 10.0C3.nMO.it/ 0^* Gtócoua líeon at On. 

Pr.»«ur., «C* lo 300*^») 

Coernntb I TT* vlsoo.ity of ti^ecuo Sé-.'u ¡^**ur;;d et a eoiuitMit p;»M«r.# 
^'ão of n«. verle» In a nearly llseer sapjtner between 20* and tiO*K 
according to the equation 

n- 1.55 T ♦ 2.k 
Below ¿0*K the above equation la fts lo=;;rr \Tilid. Hie reúuCí-1 viscosity 
of £*Meon«je Neon <5»rlvw(i from quart'*» ■efiMnloel cnnelderetlon 1* vadld 
to e flret epproxlEs.tlon over a nerrev tesperetur. ranso tu<á 1» 
ropre*ented by plotting 

. reâ'jced viecoBity 
v* T* ■ r.duo.4 ter.^eratur. 

At tha freo sure used, 3 on üg, th. rleooeity of gatteou» Eoon if 
eaecRtialiy ovnatont for a ei*«» tertsrature. hovavnr, bolow a proeeur. 
cf 1.0 oa Hg, th* vlaooeity of «eon vtrieo oxarkecuy et a given 
teup&returo. 

Hie dntft -plotted are the eooothcd velue» from the tabl. of oelected 
¿Hta and Identified by an aetcriek. 

Tfcbln of Selected Value» 

'I^np, 

*K 

Vlaooeity 

cloropoio« 

^erp. 

•k 

Vieecjsity 

Biiwopolsa 

20.00 
ro.’o 
¿fj.^7 ^ et 
£¿.31 
29.84 
30.00 
31.00 
39-52 
40,00 
»♦0.20 
46.50 
49.97 

jj,0* 
33.6 

43 io 
50.3 
50.0. 
52.5 
64.9 
66.3* 
67.0 
76.6 
60.4 

50.00 
5C.11 
59.98 

60.71 
61.64 

W.15 
70.00 
70. lQ 
71.20 
7J.26 
77.77 
60.00 

01.Ò* 
85.4 
96.4 -, 

97.4 
9Ö.9 

100,0 
U0.8* 
111.2 
112.4 
U5.1 
m.i 
124.5* 

* .''jocoUiei Vulupñ 
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VISCOSITY of GASÎDUS HEOS 
(At on« etmo«ph*rr preneurc) 

Bourc« of IVtt»: Ww»nl«, fl. 3., Proc. n«y. Soc. (London), A110, 
570-90 (1028); van ÎU-rbrok, A. ai»d van Pnnmrl, 0-, 
Phy. lea, 7, 26-,-72 U^o); Jobneton, H. L. and 
Crllly, E. h., J. Phy». ¡¿6, 9^8-63 (19^2)} 
Rankin«, A. 0., PLyoik. 7,., 11, ^97-502 (I9l0)j 
Hlatvuld, A. 0., and vnn Ittcrtank, A., Ftyalea, £2, 
795-90 (1956); Ssol««^, A. M., Cmnpt. mnd., £¿6, 
9L*2‘3 (1V50); Traut s, M. and ZlnK, H., Ann. Pbyaik, 
l, Utf-W (1930). 

Coe-^nt«» Two «noatlon» which may l>« u«cd to calculate the vlecoaitjr 
of neon paa at on« aUaoaphen* ar*i 

where Uq la rs*«aured at T0 *nd the temperature la betwaen 
-I60 and 20 *C; and 

(2) ^ T0'6 
^ S r 

~¿:r 
1 ♦ *y~ 

where the tercera**ra la between 20* and 6OO *0. 

Table of Valuóa 

KUr/ïïITr/TJJ Thh ne«: 
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rniUÂÍ&íiâijáÚ 
• .. . 

.mm 

10.003 

vTßoor.iTY <.»r c.ateou:; neon 
(nclow 1 ntfl»i/„i»hcrc at rO.^'K nud 90.0^‘K) 

Pourc«» of Ont*; 

y art ItttrbefK, A. un<1 Vnn Pnrm**l, 0., Phyulun, ’£: ^73-^3 
(19*10). 

TtebU of SelaoUd Valu«« 

T ■ 20.^2*K T - 90.00*1 K 

Obtiivtd 

rY*«««ur« 
trA Va 

Correfltad 

PrAtiur« 

•« 1¾ 

Vlecoeity 

CentlpolM 

Oh(iorT*4 
rrasfexi« 

KU ?A 

Coxr«0t«4 
Praatur« 

Kt r* 

Vl«co«tty 

0*ntlpol«« 

300.0 
3*71 
0.696 

0*217 
0.0970 
0.0 W3 

o.a?W 
0.Q110T 
o.wvjd 

0.00218 

0.216 
0.09W1» 
0.0***»2 

0.C220 
OdOOBB? 
o.wjjy 

0.00120 

3.593 « 10*3 
3*593 
3.U1. - 

3.339 
3.165 " 
2.0½ 

2.WH " 
1.6?5 * 
0.925 " 

0.398 • 

300.0 
37.8 
9.5I 

2.186 
1.U9 
0.600 

O.312 
0.1329 
0.0/72 

0.0352 
0.0222 
0.010*'3 

0.00521 

O.I5I3 
u.wnk 

0.0329 
0.0^0>J 
0.00903 

0.00395 

13M X 10’î 
13.^2-) * 
13.ÍJ06 '' 

I3.O3U " 
12.6/7 * 
12.093 " 

U.05Í1 " 
90'^ " 
6.9ó> 

MA19 * 
3.139 " 
i.533 " 

0 .73 " 

KITT/bOT luou^d:*' (tfii/'S) 
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10.00U 

VI3C0GITY of LIQUID WITHOCEM 

Source of Pitta: 

HuJonho, N. 3., J. Kxrtl. Theoret. Phyo. (U.S.3.R.) 9., L . 
10VÜ-Ü0 (1939) » 

Rudenko, W. 0. and ßhubnlkcv, L. V., ITiya. Zeit. Sowjetunion 
6, l»70-7 (193¾) 

Tab!* of Select aà Value# 

Temp. 

•k 

Viacosity 

centlpolae 

63.9 

64.3 

64.8 

69.1 

69.25 

71.4 

76.1 

77.33 

III.7 

0.29P 

O.290 

0.284 

0.231 

0.220 

O.209 

O.I65 

O.I50 

O.O74 

Ti’iple Point Teap. • 6l.ll*#K 
Nontuii boiling leap. - YÏ• jl> K 
Critical Teaçerature - l?6.2b*K 

KUi/oOT issuedt 5-25-59 
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10.00»! 

vTrxrarPY nt oAnroir. iin’Rooiiii 

(Bfîlow 1 Atmosphere) 

ôourc»* of neta: .Tohnnton, H. L., (■lettox, R. '1. «nd 
rtnwrc, R. W, KACA Ter.h. Note PjM 
(:ioy. 1951). 

Table of Selected Values 

ri*er.H. 

nsn % 

Vlrcoelty 

ccutlpoloe 

Preeo, 

mm Hg 

viscosity 

c-.ntipolco 

7ö.6o*k 103.90Y 

O.132 
0.220 

1.1? 
2.60 
h.76 
8.56 

70.O 
104,0 
29%0 

* doubtful 

O.CO9 162 
.009 iî»!U 
.COJ 401 
.009 4l? 
.009 442 
.009 »¡72 
.015 4tfl 
.DOS 50?» 
.009 499 
.005 493 

0.353 
0.8)6 
I.9O 
4,32 
9.04 

72-5 
102.0 
417.5 

û.010 7f)0 
.011 TfO 
.012 270 
.012 433 
.018 503 
.012 563 
.012 576 
.012 5G7 

?73.2'.>*K 306.05 V 

0.000 0'V> 
0.000 »U 
0.003 0 
0.011 
0.02? 
O.O34 
0.097 
C.2P0 
0.489 
1.1? 
2.3^ 

S.rvi 
7".0 
98.O 

403.0 
990.O 

0.000 031 
.000 099 
.000 334 
.001 O36 
.003 297 
.004 454 
."09 37? ! 
.012 4o8 
.013 9Ó7 
.019 136 
.01 9-,4 

** 4 f ^ m •, # 

.^10 37? 

.016 983 

.016 r,nh 

.016 610 

.1)16 617 

O.O00 17 
c.ooi 0 
0.(X)6 2 
0.012 
O.OP7 
0.0^,6 
0.100 
ô.?43 
O. 574 
1.15 
P. jG 
^ * 1 
9.62 

68.0 
10«?. 0 
iio.0 
503.0 

0.000 0675 
.00«) 234 
.Ooi O33 
.001 993 
.003 r,o4 
.006 it? 
.Ca» 
.013 084 
.015 257 
.016 5U 
.017 355 
♦ *■ » \ * S , •» CtCi»% • Ul ( UViJ 
.0)8 o4fl 
.01°. 071 
.018 n-jr 
,0]8 09? 

YTrrfi.m C) /^^/1 »1? 
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10.004 

VISCOSITY of GASFOUS NITIÍOGKIÍ 

(At 1 Atnoephere) 

Sourer of Pntftî Johnston* H. L. nnd MeCloflV^y* K. B.» 
J. I’hyn. Chen. 44, No. 9# IO3S-5O 
(loJ»n). 

Tablo of Selected Valueo 

Temp, 

y 

yo 
100 
110 

1?0 
130 
l40 

1^0 
160 
1?0 

180 
100 
ÍWO 

Vlocor.lty 

crntlpotoe 

0.006 Í98 
.006 975 
.007 631 

.003 p64 

.00Ô O76 

.009 484 

.010 a33 

.010 676 

.011 253 

.011 829 

.010 -J04 

.03 2 9l> 

Temp. 

•K 

210 
220 
23O 

?40 
250 
2Ó0 

270 
230 
29O 

203.1 
300 

Vlncoelty 

centlpolt« 

0.013 499 
.014 029 
.014 547 

.015 05? 

.015 547 

.016 O3I 

.016 50? 

.016 060 

.017 410 

.017 777 

.017 657 

ItW/lÜir tfüiurd: 7/l3/í$ 
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10. Of A 

V1SC0STTY of OAOF.OIJS MITH00E« 

(Above 1 Atmoopher») 

Source of Dntnt Kcotln, J. un»* Viavj# H* K., Tran«. AF^F. <^0, 
-U-17 (19î»0). 

Couinants t The bout data nvullnhlc at PfC coenrn to bo that 
-¡TTven bolov. It 1b to be orsferwl over that rrcos-Mcnded by 

NK; circular !>b4 (Nov. 19‘/>) ix-caur.c cx]«rlncntfil valves 
a^rc better vlth Invrotlyatlon« mt^ie by otlicr re acareara. 
It 1c recommended over flnyln«» J. K.# Fn. I). Uin^criatlc**; 
"DyuumlC Vlococity of Nitrogen ami Carbon Hi ox lie at Ntp.h 
lYcnoures", Unlv, of Purdue, (Jan. 19¾) l>ooau3C a checX on 
the vloconity of the latter at 1 atm und ßlven a value 
for vloconity which In low (O.OI765 cp) uo compared to that 
Riven by Kentin und Vnnr. (0.0177Ö cp). Cons^urntly, tl* 
values of Gavino are low over the entire runne. However, hl» 
value» may be uced to extend the values of Knot in and Wane 
to 4000 pula. 

Table of Selected Value« 

T ■ 25*C 

A A %« m •• wJTC 

atm. 

Vlacoalty 

centipoliie 

1 
2 
5 

. 1Û 

?0 
30 
40 
50 

CO 
70 
A0 
90 

100 

0.017 7O 
.017 AO 
.017 A4 
.017 93 

,0lA 09 
.01A P? 
.01ÍJ 46 
.010 67 

.OlB rK) 

.019 16 

.019 46* 

.019 7Ü* 

.oro 19* 

* extrapolated 

m/m T : n ue3:” '^iT' pTf 
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iO.OOi» 

Vn'COÜI'fï of LIQUID OXYGEN 

Beßrer» of Doth; 
RíiócnXo, N. S., J. Exptl. Thoorvt. Phyc. (U.S.S.R.) 2» 107® (1^39) 

Hudciiko, N. 8. and Rh’ibnlkow, L. V., Phynik. Z. Sowjetunion 
470-7 (1934) 

Other Hefer<»noe;J: 

Scott, R. D., Cryofecnle ’/.nK'necrlr.g, 1, D. Van Noatrand Co., Inc., 
üew ïork, N. Y. P» 274» 

CCjuiijcntn: 
Rudrnko and Bhufcnikow cive value» for vUcoulty of liqulvl o*y¿ín 
from nrnr the triple point (^4.30l'K) to near the nomnl boiling 
temperature (90.19*K). Value» of vlBCoelty from the nom.al hollli\g 
tempe rsturr to the cri tirai temperature (154.7"K) were obtained frota 
the grapn found on pftü« 2:4 of rryogenl«' Pjnglnscrlng by Pcolt. These 
data are given In Tableo I and II below rêapêctively. 

Table I 

Diita of Rudenko, N. 8. 
and Hhubnlkov L. V. 

Tcm)>ernture 

•k 

Vlacouity ^ 

(jtolae) 

54.4 

54.6 
54.9 

5b. 4 
57.1 
57.4 
59.7 

0I.7 
03.5 
05.4 
*'^.9 

’O.j 
/7.4 

0.0CÖ 73 
..-)00 63 
.OOO 21 
.007 72 

.007 17 

.000 36 

.000 48 

.00b jl 

.005 21 

.004 76 

.004 35 

.00J 77 

.003 23 

.002 73 
. .--- -a 

Table IT 

Data of Rudenko, N. 3.* 

Temperature 

*K 

Viseooity tj 

(poise) 

90 

m 
11? 

125.9 

139.2 

145.5 

154.1 

0.001 90 

.001 23 

.001 21 

.001 JO 

.001 00 

.000 99 

.000 90 

» Takrn from graj'h p. 274 
Cr.yuKetilu Engineering 
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7ICCCCI7Y nf CASEOUS OXY^ 

Souroe of Data: Hilnenrath, J.f et. al., Hat. »ir. StaaUrde 
-- Clr. ¿6¡», 424 (1^5). 

Connwntbj T»»e data were prroenUd In tbe form of 
-U/M the ratio of the actual vlacoelty to 

tfic vlßcoaity at «standard condition# (1 at*# 
O'C). This ratio va» converted to ^ in ^ 
centipoiflo l>y mxlt.lpJylng by 1.919^ * 10 * 
•j^jb vivlucn are given an of one att«oephere but 
do not vary ftigniflcantly with proeeure. 

Temp. 
*K 

Vlecoelty 
Centlpoiae 

Teim>. 
*K 

Vi*co»ity 
Centipot»^ 

100 
110 
120 

130 
140 
150 

l6o 
170 
IbQ 

IQO 

7.715 X 10“3 
Õ.500 M 
9.?25 

10.000 " 
10.725 
11,440 " 

12.135 " 
12.820 " 
13.490 

14.140 “ 

£00 
210 
220 

230 
»40 
25O 

260 ‘ 
£70 
290 

200 
¿00 

14.775 * IO“3 
15.400 
16.000 H 

16.620 - 
17.200 •' 
I7.79O 

18.350 " 
19.000 " 
19.450 " 

20.000 
20.645 " 

jîT/übt iLctird: 7/17/59 
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l.lttÉttAV», i¡> 'W. u*_ wAut -.-w.> i.'*?.*. Uk. -c». -.----- L. r>X aw •/ 

10.006 

VISCOSITY of GAf®CU3 ATR 

Source of IHtn: N BS Clrculw ?64 (1955) 

Other Hcfercncca: Johnoton und McClonVey, J. of I^iy»« 
Chem., 1SJ3 (19^)* 

Cowœntei The data or Johnnlon and HcCioakey ore 
-iiwiuded lu U» data of NB3 Circular 5^4. 

Tiw dnlM nrú f.rescntcd at ene atmoeyhere 
prc3Buro. 

Table of Saleoled Value* 

Temperature Vleeoelty 

•K •r mteroi>oln« lb/hr-ft 

100 
120 
iuo 

160 
liio 
£00 

£40 
£60 

2Ö0 
300 

1¾ 
216 
252 

209 
324 
360 

396 
4j2 
460 

504 
5»i0 

69.?9 
03.19 
06.46 

109.x 
121.2 
132.O 

144.0 
154.7 
1Ó5.0 

175.0 
1Ö4.6 

O.OI676 
.C2012 
.02333 

.02640 

.02933 

.03214 

.03403 

.03742 

.03992 

.04234 

.0!(4c6 

BAV/VJV Iinrji-T: o/m/'>9 
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temperature, *r 
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lû.007 

VIF,C06ITY of LIQUID CARDON MONOXIDE 

Source# of Dot*: 

Itterbeek, vnn A., Knrt Paenel, van 0., Physical. 
133-^3 (l^X). 

Rudenko, N. 3. ará Shubnikov. L. V., rhyeifc. Z. 
8ciw>túnico 6, ^70-7 (19311). ' 

CCKSkilltO s 

Tlic •xj^rlnwjntal jKiint# tabulated below fit tba 
foilcTrfin^ eiuaticn: 

1 » U44o - 46000 

4 ■ viacoiity in poi#e 
p ■ den#ity in srnsa/'x} 

Table of Salacted Velue# 

lyrtp. 

•k 

Vi#co#lty 

oentlpola# 

66.6 
66.6 
72.O 

72.4 
77.7 
eo.e 

ßo.9 

0.C57 
0.2¾ 
0.244 

0.237 
0.192 
.*.171 

0.170 

N^ro-l M-ltîr.3 Temp. . ó8.09‘K 
Normal Rolling Temp. » £l.oJ*K 

OÿrTnïïF Ihhih* .J: 7^^759 
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10.007 

Visoosm of GASEOUS CARDON WNOXTUE 

(nt ono atmonpher«) 

Source* of DM.n: .Tohnnton, ». L. unA Oriny,_E:_R. 
-r~, ÿlltt'S (lO'i.?); Keyer,t F. G., Tran». AGÆ x¿, *iöO-00 

Çoirmt.r.î Jr.nn-.ton nnJ Orilly'« Juta tierce julte (wll ui.th the 
■* ' TTtiovir.r:!. Gnith, C. J., iroc. n»ya. Soo. ^London) ¿t, 

. (17^): 7.--12, ;î. ond iv.wyum, r. fl., Ann. Hiy .lK f'j] .., .33' 
3o U92U); Traut.s, K. "n?I A., Ann. . .'.ynlU l, J X» 
rS (1030;; Wobrer, ». nnt fíiiUer. ¥., lioHoll-Dcih. ^ , 
(loin); Vogal, H., Atm. ittyoik (4j Uj',-7» 

An empirical •'iuntlon for the prsJiction of vUconiti^c of CO 
at low pro*«ure3 is 

)..V}r. X 10' 
.-v.õ/t 

.. . lQr. X 10 
U • —' T.T"- 

1 * 10' 

whore t 
and 

k* lo in poire 
T ic ir. "K i’.nd between W ¡ind 1'* 

Tt’hlr of Experimental Data 

-Jemp. 

IV 

Vircoelty 
nicropoire 

OVnip. 

*1'. 

Vir.cocity 

micrnpolne 

00.79 
03.4*3 
00.23 

117.40 
131.-7 

144.73 
159.23 

. 173.99 
194.)7 
993.03 

•j .(/* 
Í-4.73 
7)0.43 ' 
7O.CI 
06.90 

09.05 
1Ó3.1C 
112.00 
117.69 
1.20.69 

?U.?7 
229.13 
240.04 
2:42.34 
226.09 

.'7 MO 
-93.70 
29-9.13 
2-,-6.10 
395.77 

132.67 
140.69 
140.70 
I5O.I5 
156.75 

165.62 . 
179.07 
176.33 
176.51 
181.13 

J 1 • of 5 Tit>0thed Huta 

■Temp. 

*K 

Vir.eesity 

micropei!-." 

Temp. 

•k 

Viccvslty 

mierapuir.e 
1 . 1 .,,..,.1,1- ..... ■] 
1 0/\ r •» nA 1 éS yi't in j 

riñj.ltv " 

90 
lr" ■ 
110 
1:.-0 
J 50 
I'tO 

1 0 
t <' 
17 V 
1 i:. 
1 <0 
wy' 

''.O. po 
oi.o:- 
73.3^ 
79. Co 
Pc. .90 
71.00 

77.90 
103.70 
ro.oo 
11-,.40 
171.1-. 
I -/..9/1 

220 
230 
,?40 
.000 
000 
T70 

:73.1 
■' .0 

;v-,o 
29J.Î 
: '7''.. 1 

- ¡n. 1 
'//• 

137.99 
11*3.30 
l4A.»V' 
103.90 
190.90 
V'.V’O 

169.00 
160.0.0 
I?!. •* 
17r. 39 
170..-,0 
¥(!.'• 
17-r .49 

TT',7 
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10.0C3 

VICCOßlTY OF LIQUID FLUOHINK 

gotiro»1 of Dtii: Blvtrum, 0. W. mid Df»?fiohf*r, R. N.j Jcr ‘I 
of Chemistry nnd PhyuL'n, Vol, :10, iflU-o (i fy,‘) 

Çrytr.rr.ts ; ¿.rp^rlaent-Al n'^d'-d tí» ooloal it*. t!;r 
S'.Tjr-ilc viGcoclty of the liquid wr*'- .».if-' ty rivoran 
and Doîbchor, ualng n raplllnry tut«», Th»* vlnoonlty 
van cttlmlfttt'd ur.ing tno ii»llowîng n mntiün: 

rrr 

8 L V 
•e-t (¢-¾) 

h > - ÄJL. 
I n (h^/hp) )71¾ I. t 

JlL 

wh*r«; 
L » length of «apillnry tube 
V ■ Volumo of flow in tin* t 

• difference In height bet«-en liquid levels In 
upper end lower reservoirs st beginning, 

h¿» « Difference in height between liquid levels in 
upper und lower renervolii» end. 

/% m deliuity Of liquid 
• density of vapor 

^ “ Viscosity in pois«s vh*n cgs unit# *rs us«d for 
i _ all oi.li«r üuiàrïtitie# 
T • S'«,-IUm V* uui'i tUbtt 

Viscosity of Liquid Fluor!ru» 

Tenn. 
•K 

• Viscosity 
centipulaei* 

(:1.2 

73.2 

7?.3 

0.>n4 

O.349 

0.3PR 

Tcap. 
JK 

Vi scu.il*. y 
centlpoloes 

78.2 

0O.9 

83.2 

O.??? 

0.275 

0.P57 

s " r 
•. V 

F / 

r;>; 

i 

Nn«n-«1 Me'1 » • , v *.r. ,0*V . . ne 0I1 

t " 

¿V- h/TTj 1:. fue l: n¡V/yi 
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10.008 

VÏ9C0STTY of GASEOUS TLUORIIW 

Eomit*! of Data: Franck anrt Stöber, Zeit* fur Natur- 
-fcrtchun* Jk, oz¿ (l9î^). 

Otr<ar P<,förcr.',e«: Knr^.", Bull. CV*n. Soo. Japan l£, 
- 465 (1937). 

Cí¿H«nUi The data of Franck arc in clone e»rceu«it»t 
vith value» piddle tel fron» tho theoretical 
equation of Hirchfclder (Hlrtchfeiaer. Bird 
and Spuiïj J- Chem. Phys. l£, '¿(.S (1942)1. 

'I'abl* of Selected Value* 

Te up, 

*K 

Viscosity 

ocntinolces 

90.0 

169.3 

PVJ.Õ 

2O9.I 

3!?r.i 

0.767 

1.42¼ 

I.68O 

ÎÎ.345 

2.547 

' 
Wü Iüi)ur*d; rrm 
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VlSCOfilTY ol' AJflOH 
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10.009 

VlSCOflm üf LIQUID AROOK 

'SRturatfld) 

r-vor .*•-*? of Ont a: 

Other RrforgnogiM 

7,1 ^ .rovi, Î*. ?•, ShiiT. El'.spll. !• 
'iworot. via., Jl, T”1*"!» (W'ó)# 
PuUnVo, M. S.. J. T-chn. Phys. (USSR), 
ief 1123 (19½). 

Aridrari«, E. N., h.-ttui«, V70. 79¾ (I952)j 
Verkin, R. I. und Ruó«»ik¿>, ». 5., Zliur* 
Ekëptl. Tuoret. Fia., 20, 1/21 -6 (l9‘/û). 

Trvble nf Selected Valúen 

Temp. 

•k 

ßii.?'; 
86.2^ 
86.90 

07.30 
90.0 

. 99.5 

111.O 
120 
127 

I33.5 
130.7 
1>*3 

1U7 
]U9 

Viiioocity 
(«waF* J 

jiii/cm.roc 

0.002 82 
.002 62 
.002 56 

.002 52 

.002 32 

.001 02 

.001 37 

.001 16 

.001 Oo 

.000 77 

.COO 70 

.000 63 

,000 ‘jC 
.000 50 

Source 

8u4«uko 
«I 

ZhiU.no va 
M 

florml Malting Temp. >» H3.78*1' 
NoittjU. 15./111 ng Tecp. « 07»29*K 
Ciit.xuul 7vuii^»'»i.ure » 150.7 K 

t * A T ' ' • {, 
• .0,‘f 4\ 7/:1/.7 
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10.009 

. VTSCCßlTY of QASCGU3 AROOlt 

Source of Putin 

KcstJn, .T. W*n«, H. E., 'fmpt*. M»® §0, 11-17 (195Ö) 

Other Reference«1 

HUMiuruth, J. *und l'gulwúlan, Y. 5., Tren*. AfiKs ¡0, 9¿1 (19^) 

fritemn. J. 8.. rrco. Coiif. ThemA/iiaaic •rA Trcrj?rort rropc^tlea of 
FJuiOs (Loafton; 19>7 

Soai lie, C. v-rc, S. J. rknd w«imr, 11., Tr*ne. AS« J3, 12Ö5 (1956) 

Michele, A., Bot**n, A. erel Sehevjmn, W., Phyalca £0, llUl (195{;) 

C^rgyrtB > 

The 4at4 correepood to the e<iu*tion 

► 0.^5 * 10 
7.DOO X 10 

♦ 4.930 X 10^(p-1)2 
3 at 2$*0 

vhc* a j _ 
Hft » 22*52 X 10*’ polte at 25*0 
nr • rlMoeity of *»’Rcn *t i *+* 
p • atmosphère« 

Th.la aquation repro*^-* the «xpcrlmental fiat* to 0.2 per cent. 

Viccoalty of Argon at 25*0 

nir/kÏK 

I 
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Viscosm of LIQUID METHANE 

Dource of Sat&t 

Rocfttni, T. D., et el., Selected Valuea of rfoy»lonl and THffrmcx^ymmlo 
rrnscrti»»** of Hyiroeer'oonu .uv\ KcíalíÍ'íofur'íiíntift, Oi»rue¿le f’?«»*», • 
-- 

Ccrornte : 

Th* vUco«lty 1* referred to * value of 1.005 centlpolaes for «t 
29i*X. '¡'he vlficoeity of the liquid et 113.16*K va» taken at saturation 
prefeftur«, while ior *11 otîier value* the pressure vc.s 1 ata. 

The fvbiioluta tersperature O'iaie (0*C • ñ73*l6*K) ws used in th# table 
cf eelecUM value* below. 

Tcmpcrfiture 

*K 

Viocooity 

cvintlpjioe 

1ÍÔ.1Ú* 

93. lú 

9<í.ló 

lOj.lú 

103.lô 

llj.lú 

0,??ú 

0.103 

O.lol. 

0.1^2 

0.1?7 

0.11^ 

* flupcrcoole-l Liquid 

Triple Point Temp. - Ofl.y'K 
No until tijJiliiK Toiap. » 11,1. i °k 
Critica] T» tRi'crutiire 190.7*K 
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lO.Olfl 

VISCOSITY of OASSOB MSTHAIfl t 

So-jro« of r<Lii»t Joluiotoo^ R» L«# *o4 M^CiosKuy^ K« B#; T« ¿ííjr®« 
Choa. W*. lOjfl-Jû (IÇ^O). 

Orr^^iai RxocrJjwnt* IndicaU that th* vi«ccflity of c. «»ß 1« 
intopertfoat of it« prest»ur*. 

labia of C*b¡>ai*¿ Valoaa 

Ttisji« 

•k 

90.Ö 
100.0 
uo.o 
120.0 

UO.O 
140.Û 
150.0 
1ÓC».0 

I7O.O 
1C0.0 
1^0.0 
tOOtO 

210.0 
P.70.0 
23O.O 
2^0.0 

29O.O 
íúO.O 
27O.O 
cw*\j 

«XJ.ft 
360 ;ô 

Vltceolty 

nloropolM 

?6, , £0,8 
W*.C7 
V7.63 

51.€0 
«*97 
59.2A 
C2.G9 

tõ.ól 
7O.3I 
74.C6 
77*?0 

81,43 
t»5.01 
•f> vXi ♦ 
91.91 

95.20 
9^.63 

101.90 
IO5.25 

IftR Ut 

ill.59 

A. 

Wh 1 « vuedi (,WJ£ 
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ArrKirorxra 

TOCPERATJIB IKDCrconVEKICH TABLS 

COmVaKiZON ITaJîvïü for uni is of lkkoth 
« 

CWVT.WIÛS y¿CTú¡» DOR UKIW OF AK3A 

CQ1ÍV2KJI03 FACTOR FOR UNITG 0>' /OLIME 

CON'ff.RSION FACTOPfl FOR UNITS OP MASS 

CONViT^ION FACTORS FOR UNITS OF PI^SGURS 

CONVIDAIS; rACTCHO FOR UNITS W UiiiOX 

r» âm 'A Snn^T ALTOR nCATOTCATrcai BY INITIALS 

.*>. 
■ * 
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APTOÍDIX 

Tynvprmt*'rr Tnf^ruonvffmion 'rnbl^ 
(0 to 200 *K) 

0. -IT*. I« 
*. it -iyv. 
e. a* .387. T* 
S. BS -28T.H 

10. -28J I« 
10 0« -381. IS 
It. 11 .í«»n* 
i a. i» -?ao, 
IS. 43 <?S*.87 
>8. ST -JM 8* 
3C. -2Ï». 1» 
Í1. 06 OS). II 
:3.33 -389.84 
33. It -SJO, 
ST. SO -148.88 
ST, 76 >2*8.31 

JO. -««>- i* 
Si. 16 -340. 
ISIS -ITO.II 
St 73 -234.44 

' M, I» ' -2.14. 37 
oO, .Sät 18 
(J. 16 -2)0. 
44 27 -7-16. SO 
44.41 -T73.TJ 
41.81 -273.31 
JO. -227. •• 
S3. !4 -Í-20. 
88.36 .1'7,T6 
•3.33 -217 63 
¿0. -«13. 1« 

«9»'. -21Î »3 
(1.11 -312.33 
CÎ. 1Í -319. 
:0.411 -301.6’ 
«6.67 -208.48 
70. 551 IS 
If. 04 -101. It 
7* 21 -309. 11 
73 .6 -300. 
71.60 -188.86 
77.76 -108.31 
Õ0. -183.16 
83. I» -IVO. 
8.1.31 -169 83 
68.71 .164.44 
AH AO -104 27 

90. 16» 14 
»3 io -mo. 
(14 27 -¡76 86 
94 44 -US 73 
04 A) 1< 3 3J 

100. -173 14 

-4M. 46 0. 
•484 00 S «0 
-450. 8 66 
-400. •• 1". 
-44:.41 15.09 
.440, 10 68 
-4M 66 ?0. 
-414.60 31 69 
-410, 18 69 
-4Î8 I« JO, . 
-423.61 39 00 
-420 »0.87 
•4.4.43 Í0. 
4::.63 41. ¢3 

-410, 47.88 
•itt tî ¢0. 
-4014( 84.00 
• «Oi. SC. Cl 
-JM.O 60. 
.190. 66 63 
• Jtï. *3 70, 
.327 Î3 73. 00 
.SM.6J 77 *0 
-1¾. 7k it 
-rro i* ño, 
-279. 89.66 
-Vi 4» 7% 
.M AA OA «0 

-VÍO. 66 60 
.343.(0 100. 
.(31.(9 lui. 03 
-350. 199. i» 
-ÍÍ-- -J » ‘ - . 
.Í4* e* ,'f mm 

-340, 11». •• 
-23» 69 120. 
.413 *9 17*. 00 
-)}</. 17U 09 
-15* *• 120. 
• n* ■») 131 *9 
.120. 139 4» 
-416.40 )*0. 
• II» *9 144 UÚ 

-210. ww «» 
-ÍM 6» ISO. 
-JCO. 15» 69 
.2»* «9 160. 
MI (9 1*3 90 

-2»! til 167 69 
-270. 10» "9 
-294.4» 170. 
-ruó. 170 69 
-176 48 IflO. 

100. -171.16 
10» 1« -170. 
108.33 -147.71 
19» »• -147. («i 
UO. -1*3 I* 
MO. 71 -16120 
111 II -111.06 
113.16 -160. 
lio. 46 -186.67 
114.IT -186.43 
1Í0. -181.1( 
Ul. 03 .181.11 
<4713 -180(4 

ÎÏÎ !« -1J0. 
137 60 -141.86 
137.71 -146.31 
IVS, 14». 16 
1ÎJ. I» -140, 
12133 -13».43 
136 TI -184 44 
13S 83 .154.17 
1*0. -133.1# 
I4J 14 -130. 
144.27 .133.69 
144 44 -118.63 

.146 61 -123 3» 
• -*-% .!**•**£ + > *>■ 
1»» !* -1X0. 
14» 16 -117.Ti 
153 36 -117.«O 
1*0. .11318 
i(C S4 -111 M 
I ■ i , i -ill«'« 

• *S 16 -1:(., 
lo« 49 -»M il 
146 47 -10«.41 
170. -101,1# 
1710» -101.11 
17» 1» .100 84 
173 16 -200. 
.71 i» -98.56 
ITT. TI -C3. 36 
ISO. --j 1« 
163 (6 -VO, 
I») »3 -1« 83 
loi 13 .84 44 
HA 4» -64 27 
100, «1 I* 
191 16 -HO. 
19« i? -7* 8» 
154 44 -1* » 
I»» 6i -71 31 
ÍCO. -71 16 

°r “» 

■ 171.4( 190. 
.*74 O* ¡«» 61 
-270. 1B(.Í» 

296.69 190. 
-MI 49 !»» 00 
• 2ñ4. UO 49 
• •39.4» 200, 
• 154.00 393 6» 
-250. «» 
-241.(9 210. 
• 241.1» *16.00 
-í*0, 318.6» 
.22» 4» 320. 
-»s*.ro 321.40 
-¿30. 23». 69 
-22». 19 íJC, 
-189. St 134.00 
-220, 229.66 
.319.99 240. 
-310. 146.69 
-209*» 350, 
-iOT.*# 18100 
.201.00 257 59 
-200, »61 f» 
.199.16 240. 
-190, «». 49 

-.89 99 í?0. 
-134.00 li» O» 
»100. »796« 
-17(.69 ?*0. 
-171 4» 2?6.00 
-ITO. ÎSÎ. 69 
.<•9 «• ?>.), 
. !í<. -•'C ?¿3. 69 

-160. *19. »9 
-18» 68 JOO. 
.163.98 306 00 
-150. loo *» 

143 8» J10, 
-',41.33 311 A» 
-MO. :is a» 
-13» 69 JÍO. 
• » J >* . «6« «66«. C3 

-MO. 329 »9 
•1S9 69 J30. 
-ISO. 834 8« 

11» «9 HO. 
•117.*» 343.50 
-112 UO *47 6» 
.no, 

;ûù fi» JÍO. 
-100. 3'8 #9 

■ »4 69 J60. 
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APIV-NDIX 

ïvwjKîmturr mterconvcrnloa Tnblo 
(?0) to UoO'K) 

300. 
|0J IA 
ïdA )U 
*09 9« 
310, 
*10 o* 
»ï« n 

:i3. ¡s 
*IA il 
SIC.«1 
330. 
î:?. o» 
331. 33 
ISt l» 
«T. 00 
*37.7» 
35O. 
34* IC 
1.13 *3 
8.13 71 
338 40 
840. 
;;i I« 
144 17 
344.44 
14« 83 

290. 
131 I« 
333 18 
133. *S 
JW. 
MO. 34 
Ml. U 
333. 1« 
l«r. i» 
24«.«T 
2/0. 
*72 08 
11* 21 
213 I« 
277 80 
*77 79 
jno. 
283. Il 
211 M 
218. 72 
231 «t 
?yi. 
*.*J IA 
2H4 27 
;»«■« 4* 
209 113 
)00. 

°c 
• 71 I« 
•?0. 
.87. 7« 
-Al CO 
• 13 H 
43 *1 

-Il 0» 
-fto. 
-3Ü 47 
• to o 
• S3 IA 
-31. Il 
•eo »4 
-?n. 

4Í M 
48. 36 

-43 16 
-40. 
•34. 83 
-34 44 
• 34 27 
• 31 II 
-¿3. 
-il 60 
• 34.71 
•13 31 
• 13 II 
-20. 
• l7 71 
-s7.eo 
• III« 
•11.22 
• 12 OS 
-10. 

• A. 67 
•A. 4» 
•2. Il 
• I II 
.. «4 
0. 

44 44 
4.12 
a 14 

10. 
10 17 
IS. SI 
IS 71 
1« 14 

/0. 
11 11 
21 21 
21 17 
2<t Ml 

y 

-ou M 
04 oa 

-00. 
-80 »0 
81 10 

-«0. 
• TA. A» 
■ 7r- 90 
-70. 
-C9 ÎS 
• 11. A« 
-<.o. 
•5».10 
-i» 00 
-50. 
-4Í. <1 
-48.t* 
-40. 
•3*. «9 
-30. 
• 23 6« 
• 21.1» 

3* 00 
-20. 
• I«. «0 
-10. 

• B. I« 
• 4 00 
O. 
♦ H 

*«. 21 
:o. 
10.11 
14 -0 
20. 
20. 31 
26 21 
30. 
.10 31 
12 OU 
40. 
40 11 
44 31 
50. 
M) Il 
(,». 
80 11 
«2 31 
fl OU 
70. 
70. 31 
•30. 
MO 31 

"H 

iéO, 
MS. A‘J 
SM mi» 
370. 
37* 0« 
210 <iO 
J«0. 
1*7 1* 
183 no 
3*0, 
109 07 
18«. b» 
400. 
401 1« 
408. eu 
410, 
*!4 00 
410. 6i 
430. 
42« I» 
4J0, 
432. 00 
437 on 
4M) *• 
440. 
i!«. b) 
ISO. 
433. 6« 
430. 8» 
44<?. 

4SI 00 
4»M 1» 
4/0. 
471 1« 
41» 80 
4f»0. 
47* O* 
440. 88 
400. 
4SI. 18 
!4» CI) 
5OO. 
‘04 00. 
SOO 6» 
510. 
MU 8» 
Ç/O. 
322 00 
-2/. 8» 

. .8 80 
9i<'. 
S12 OU 
540. 

nK 

JOD. 
30). IA 
.70S. M 
30*.SA 
310. 
510 «4 
511 II 
71* IS 
Il A. 41 
sir 07 

330. 
332. OS 
122. 22 
321 I* 
m. so 
327.7« 
lío. 
33* 1* 
131. 11 
33A. 71 
314. 8» 
J40. 
343 10 
344 17 
344. 44 
340 SI 
3?o. 
123.1« 
335. )• 
3*6. 1» 
V.G. 

M9 »4 
381 II 
16.V IB 
les.40 
38A 17 

370. 
372 OS 
373 22 
373 I* 
311. «0 
.171 78 

3*0. 
333 16 
383 71 
31)1 72 
1*8 M 
7*0. 
382. I* 
384 27 
S'il «I 
288. MJ 
im. 

UC 

71. 84 
*û. 
33. sa 
ji 40 
M 64 
37. 7« 
37 AS 
40, 
41 31 
43 SI 
46 •* 
4M M» 
46 01 

5". 
24. 44 
S4 Al 
98 6! 
AO. 
80 17 
66. S* 
85. 73 
64. I« 
70. 
71. Il 
7| M 
78. 47 
76 M 
AO. 
• 1 21 
ti 40 
t*. 64 
17 TA 
37 BS 
00. 
«3 31 
M. 91 
01. 04 
06 68 
W. o* 

100. 

104 44 
104 »2 
lob *4 
110. 
110 17 
IIS 56 
IIS 72 
IIA 64 
Wf>, 
m n 
m 21 
<28 *7 
iîi «4 

"y "H 

80 î! 940. 
86 30 *45 *« 

f<0. Mî 6* 
»3 31 ?50. 
86.31 S56.00 

XüO. •» 
100 11 5AC. 
!04. UO 6» 
110. M» 48 
MO 11 570. 
116.31 S70 00 
rao. S7H.69 
IM 11 ;.!C. 
17* ÛO 5*1 9« 
ajo. 8*0 *8 
I JO. Il '. /G. 
134 11 504 00 
140. 588 18 
140 71 Aûû. 
I5O, 6"8.10 
ISO 31 610. 
19131 *1200 
Ib6.no 6!7 eu 

160, »I# «» 
1*0. il WO, 
37ft, «78 *« 
170. SI 6J0. 
116 00 lió 6» 
IRO. *3» *1 
160.11 640. 
ICB 31 646 00 
JOO. *48,6* 
)80. SI GW, 
|U4 OA «S3 4» 
jrX), *38 *8 
2«<) 31 660, 
108. 31 00 
71(7, 688.88 
210 31 670. 
213 00 671 »» 
::ro. 67» *u 
220.31 6IIC. 
224 31 «K I/O 
.'JO, 11*8.6» 
210 31 690. 
74P, All» 8» 

340 Jl •/<*-’. 
242. 31 702 00 
.,,00 1076« 
PW, 7 I’M 63 
3M 31 710. 
:v,o, n*. i» 
2*0 *i- ’^c. 

r "K 

”c 

8 

10 

‘•H 

°r 

« 
s 
A 

7 
8 
8 

10 
M 
12 

IS 
14 
15 

>8 
IT 

16 

"n 

ut 

1 u 
1. 8 
S. 4 

¡0 E 

16.2 

IB. Ú 

'•X 

or 

9* 
II 
AT 

23 
7* 
3» 

1-8 
4« 
00 

3.56 
A. II 
* 67 

7 23 
7.7» 
k. 31 

B. 89 
9 44 

I U .Ml 

1..,-,. 



APPENDIX 

Conversion Factors 
for 

Units of Length and Area 

CONVEKiUON FACTORS FOR UNITS OF LENGTH 

Multiply, by »pproprUt« «ntry 
I to obtain ——-- 
l-- 

cm mnu n ftUi X 

\ 
1 Cantlmater {'‘w? i 10 104 107 .0“ 

Î MiUimaWrr (mrol 10*1 1 10^ 10* 107 

i Micron t • . ip;4 H -ifijL _l_ —igl— 

I Milllmteron (mo) .0-7 to-> 1 10 

• 
i Angrtroui Unit (A) »0-* 10‘7 10‘4 I0'X 1 

COKVERMON FACTORS FOR UNITS OF LJSNGTH - Coni. 

Mukiply.oy appropriai* tnlry 
to obtain - ... - OU» m In ft n 

-? •j 01 £.033008333 0.1)10930111 

1 n» 100. 1 39.37 3.3808333 1.0939111 

1 In 3.C40CC&1 0.033)00031 1 0.003331333 0.057177770 

I ft 30.4800H1 0.30430001 IS. 1 0.33333339 

_-Ü1— 01.410133 O.ttHtOlsa 30. 3. 1 

CONVERSION FACTORS FOR UNITS OF AREA 

Multiply.by appropriai* anlry 
I to obtain - --* cma m* ■q In aq ft •q yd 

1, 
1 cm1 « 10*4 0 15499900 

1.0783897 

* 10'3 

1.1099093 

K I0'4 

l™a to4 I 1S49.9969 10.703887 I.ÍD598S3 

1 aq In 8.4810218 
A * A 1 A2Mt 

« 10*4 
1 

0.0444444 

X lo'1 

7.7150404 
•4 

X 10 

1 aq ft 9311.03412 0 0J20034I2 144. 1 o.u mill 

1 *<; yd H301.3070 o 83013070 1390 
i 

1 
u . 



AFTONriX 

Conve ru Ion ¿'ac toro 

CONVERSION KACTORS FOR UNITS OF VOLUME 

¡Multiplyi by appropriât« ««try 
1 1 to obtain—• ■ ■■■♦ ml litar gai 

1 ~i 
1 cm* O.B&0B73O 0.0990730 X 10*J 2.6417047 X 10'4 

1 eu tn l«.3Brt70 1.878670 X 10'* 4.3300043 X 10'3 

1 cu ft 2((318.23 28.31G22 7.4809105 

1 ml 1 0.001 3.64177» X 10*4 

1 liter 1000. 1 0.264177» 

1 gal 3700.32« 3.78933« 1 

CONVERSION FACTORS Ff« UNITS OF VOLUME - Cont. 

Multiply, by appropriai# entry 
1 to obtain-- cm3 cu In cu ft 

i , 
1 cm* 1 0.061033378 3.6514498 x 10*3 

1 cu In 16.367163 1 5.7B70370 x 10'4 

1 cu ft 28917.017 1778. 1 

1 ml 1.000028 o.oeioatco 3.931914 x 10'8 

1 liter 1000. 026 61.02!i09 0 03931644 

1 gill 3709. 434 9 231. 0.133)16096 

4 
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AiTKNDIX 

Converfllon K«ctoro 

CONVERSION FACTORS FOR UNITS OF MA3S 

MuUljily, by *pMru»)rl»t<» «'nlry 
1 to obtoln ——-—* 

S 
1 < 

g kg u> ir.rîfis îwn lull 

i0'C 

ta 

X :o'4 ) in"3 

3.2040223 

.^■3 K 10 

1 kg II* 1 2.2040223 io-3 
1.1023113 

X 10** 

1 1b 41.3.M343 0.43339343 1 
4.6359243 

■ to'4 
0.0005 

1 rr.atrlc ton 10« 10* 3204.6223 i 1.1033112 

1 ton koua* >v j'.io” ]m:-o 2-)00. * 
J 

n.tW.«4« 1 



Airarnix 

Convrmlon Fnctora 
for 

îjttlto of Preasure 
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ConcernIon Factors 
for 

Uhit« of Knergjr 



APPENDIX 

Conyemlon Factor* 

CONVERSION FACTORS FOR UNITS (»V KNKROY • Con». 

Multiply, by kppmprUt« »airy 
J to obtain-- ft-U»>t) cu ft* 

:ia*t)/aa ln. 

litar *atm ttoracpowaí 
•hr 

1 g roM«(*norgy aquí») 
«. 82814 

11 
a 10 

4.80387 

*io11 

8.84880 
,„11 

X 10 

3.34754 

X 107 

1 aba.joui* 0.737881 
8.13108 

X IO-* 

9.88808 

X 10*1 

3.72508 

X 10'7 

1 int. Jaula 0.717883 
8.12279 

X 10*s 

9.97058 

X 10* 

3.72507 

X 10'7 

i cal 3.03595 
2. 14302 

X t0'a 

4.12917 

X I0'a 

1. 558382 

X 10** 

1 I.T. cal 3. 087C7 
3.14443 

X 10*a 

4.»3187 

X 10'8 

1.559033 

X 10’6 

* 1 BTU 778. 158 3.40388 10.41318 
3.83008 

xlO’4 

t int. kllowatt-hr 2,855.858. 18443.08 35934. 1 1.341341 

1 horMpowar-hr 1,080, 000.* 

a 
137 50. 30483.8 1 

» ft'lb(wt) 1 
8.94444 

X 10'3 

1. 3391)54 

s lO*3 

5.05081 
• 7 

X 10 

1 ru ft • lb(wt)/aq tn 144. 1 1.028707 
7. 27373 . 

X 10*5 

1 litcr-atn» 74.7354 j 5.18998 1 
3.77453 

X 10*8 
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DATA r<Uh3iT AUTWH II^.TxTlKICATION FROM INITIAIS 

VDA • Vincent D. Arp 
Ellß - Edimij«! R. brown 
JAB ■ Jame» A. Hictuifti» 
HiJ • l?tul !.. H%r.ick 
WWB • William W. Bull* 
JRC • Jerry R. Cahoon 
DUG - DttfAey B. Chrlton 
KJC « Robert J- Carruc-tni 
FKBfl - Vmnï P\ K. üerrjmn 
JJQ - John J. Gnlevwk 
RDG ■ Robert 1J. GooJwin 
UEJ ■ Donald S. Jord«u» 
VJJ » Victor J. Johreon 
DI3M • Dmiglao B. Mawt 
GHM - Genevieve R. Michel« 
JM ■ John Maclnko 
RLP • Robert L. Powell 
GAR ■ George A. Reynoldp 
RFR ■ Reus F. Bobbin« 
¿fiit Hcjh M. Roder 
KI3S • Huaocll B. Ccott 
10 • Richard Stewart 
RV8 • Ibiymoiid V. Smith 
bUV ■ Bryce D. Troyer 
AT j- Kloun D. Tiernorhauu 
ÜAV • DoxAld A. Van Our.dy 
WJ\' ■ William J. Veißcle 
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