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1.6 ABSTRACT 

UMRSIM(B) - is designed © calculate theoretical spectra of compounds contain- 

ing nuclei of spin one-half ,including hydrogen, fluorine, and carbon-13. 

Chemical shifts for each nucleus and coupling constants between nuclei are 

input from the Teletype. Calculated line spectra are displayed on the VR12 

scope. Twenty-five calibration points are displayed across the X axis. Out- 

put is to LINCtape and high- or low-speed paper tape punch, as well as to 

the Teletype. NMRSIM has options that allow varying all the parameters as 

well as o*fsets for cnhancement of resolution. Chemical shifts and coupling 

constants may be adjusted continuously until the displayed theoretical spec 

trum is acceptable. Spectra may be read back and displayed from LINCtape or 

paper tape; several psectra may be meryed in this mode of operation, thereby 

allowing the simulation of large spin systems or mixtures of compounds. 

2.0 EQUIPMENT 

A PDP~12A eyuipped with KW12A real time clock and MC12 4K Memory Extension is re- 

quired. 

3.0 OPERATING PROCEDURES 

NMRSIM(E) is loaded from a LAP6-DIAL* tape containing the program by the command 

+ LO NMRSIM(E),@ 

mu
] 

) eh
 

fer to the LAP6-DIAL Programmer's Manual, DEC~12-SE2B-D for further details. 

The restarting procedure is as fellows: 

1) Press the STOP key on the PDP-12A. 

2) Press 1/O PRESET. 

3) Press START. 

NMRSTM then returns to the display mode. 

Fe
 

NMRSIME utilizes the EAE option for the PDP-12. 

2 nae - 
LAP6~DIAL is hereafter referred to as DIAL.



4.0 SPECTRUM GENERATION 

After the program is loaded, it prints a series of messages on the Teletype 

to specialize the parameters for the experiment. The user types a.reply to 

each message and terminates the response by pressing the RETURN key. If an 

illegal response is typed, a ? is printed on the Teletype and the message is 
repeated. The RUBOUT key can be used to erase incorrectly typed characters 

before a terminator is typed. The messages are listed below with their ac- 

ceptable responses. Refer to section 8.0 for a sample dialogue. 

4.1 COMMENTS: 

Any amount of commentary can be typed at this time using any of the Teletype 

keys. After entering appropriate titles, type CTRL/A to advance to the next 

message. 

4.2 WANT PAPER TAPE 1/0? 

Only a response of Y or N is acceptable. A reply of N stores the position 

nad intensity of all calculated transitions on “LINCtape only. A reply of 

¥ outputs the position and intensity of all calculated transitions on paper 

tape in addition to LINCtape. After a reply of Y, a second question is 

printed: 

WANT HIGH SPEED READER-PUNCH? 

Type Y to use the high-speed punch, type N to output to the Teletype punch. 

4.3 NO. OF SPINS = 

_Enter the number of spins; values from 1 through 6 are acceptable. 

4.4 OFFSET & WIDTH 

These two parameters define the range of the X axis on the scope. OFFSET 

is the value in Hz of the first point displayed along the horizontal axis. 

WIDTH 2s the tatal range in ilz of the horizontal axis. Tk is important 

to keep in mind that the axis will be dsplayed from right to left corres- 

ponding to the standard display mode for NMR data, 

ae



4.5 CHEMICAL SHIFTS: 

Enter the value in Hz of the CHEMICAL SHIFTS in order. Type a comma to 

separate values: 

l1,2,...,n 

4.6 COUPLING CONSTANTS 

Enter the value in Hz of the coupling constants in order: 

g fk to J t,o, 12, “13, “14, ..., Tin, 22 3, 42 4, 2.2, Yan, 222, Tnedjn 

a 
ypeciiy avury coupling constant required, even if the value is zero. 

Cype @ comma after each value. 

4.7 BLOCK, U: 

fype the starting block in octal notation, a comma, and the number of 

the LINCtape transport unit to be used to store the peak parameters of 

the calculated transitions. The number of blocks required is dependent 

upon the size of the spin system desired. 

The computer now calculates the theoretical spectra and automatically 

stores the data on the LINCtape. 

5.0 COMMANDS 

Shen displaying a line spectrum the Teletype is active and can be used 

to issue commands defining the next task for the computer. Six options 

are available to the user at this time. Each of these commands is issued 

by typing the appropriate letter followed by a colon. The command may be 

changed by using the RUBOUT key before the colon has been typed. The display 

can be scaled with Right Switches 9, 18 and ll. 

3B. 1 R (RES TART) 

Restart prints the message COMMENTS (section 4.1) and restarts the pro- 

gram. It is used to calculate a complete set of new data. Note that 

paper tape status can not be changed after the initial responses to the



5.2 C (CQUPLING CONSTANTS) 

Peturns to section 4.6 and requests new parameters. Used for open loop 

iteration to find the best coupling constants. 

5.3 QO (OFFSET & WIDTH) 

This command allows a new section of the X axis to be displayed on the 

scope so that any section of the calculated spectrum can be displayed 

on the scope. The OFFSET option is useful for resolution enhancement. 

To exercise this option, there must be NMR data on LINCtape or paper 

tape (prepared by the P: command). If paper tape was requested during 

initialization (section 4.2), the question 

TAPE TNPUT? 

LS asked. Type ¥Y to read data from the high speed or Teletype reader and 

wreite it on LiliCtape before display. Type N to read data from LINCtape. 

5.4 D (DTA) 

Program returns control to the DIAL Operating System. 

5.5 L (List) 

The L command lists intensity and energy data on the Teletype in tabular 

format. After typing L, the message 

MIN. INTENSITY: 

ls printed. Type an integer number between @ and 19@@. If the intensity 

of the transition is greater than the centered value, the transition will 

be in the output list. This question thus serves as a threshold on the 

intensities that are listed. A second question 

DISPLAY LIST 

lo then printed. Type Y Lo output only the lines whieh are displayed on 

the scope. ‘Type Ho to output all lines in the table. There are usually 

many more lines than are displayed on the scope because the scope cannot 

resolve closely adjacent lines.* 

L 
If the Teletype punch is turned on during a List operation, a binary 

coded decimal paper tape is produced which may be used as input to CATACAL 
(DEC-12-UWLA-D) to produce a spectrum consisting of peaks instead of lines.



5.6 P (PUNCH) 

— The accumulated spectrum can be punched on the high-speed reader/punch 

s by issuing the punch command. 

6.0 OPERATING SUGGESTIONS 

A useful starting point for many 6@ MHz NMR (hydrogen) spectra of organic 

molecules is a sweep offset of §@ Hz and a sweep width of 598 Hz. For best 

results, however, all peaks should eventually be examined at a considerably 

smaller sweep width, since rounding errors may give misleading scope dis- 

plays with large sweep widths. It should be noted that increasing the sweep 

offset moves peaks to the right, and decreasing the sweep offset moves peaks 

to the left. Once the peaks are observed, the proper sweep offset and width 

can be determined from the 25 calibration marks placed across the X axis. 

For purposes of estimating a logical minimum intensity, remember that the 

calibration on the scope on the Y axis is always 8 to 1999. 

7.0 NMP BACKGROUND 

The discussion below assumes that the nuclei being studied are hydrogen, 

fluorine, carbon-13 or other nuclei of spin 1/2. 

Fach nucleus in a molecule can be assigned a spin of either « or & . For 

system containing n nuclei, there are 2” spin states possible. fach of 

chese states is called a basic product function. ‘The energy of a basic 

product function can be calculated from equation 1 below where Si = =]/2 

for & spin and + 1/2 for 4% spin, U; is the frequency of absorption in 

Hz, Tie + 1/4 if i andj have the same spin and - 1/4 if i and j have op- 

posite spin, and Fig is the coupling constant between i and j in cps. 

aren . i’ 7 fyi TG F44? 

The energy of interaction between two basic product functions is @ unless 

beth have the same number of «4 and & spins. When this condition is ful- 

filled, the interaction energy is calculated from equation 2 where U=1 if 

the basic product functions differ only in the interchange of spins i and 

(J.. as defined above). Otherwise, Urf. 

wa
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Thus, to calculate an NMR spectrum, one constructs all of the possible 

basic product functions and sorts them into groups, each member of a 

group containing the same number of «@ and 8 spins. The energy of each 

of therm is determined and used as the diagnonal element in a square matrix. 

The off-diagonal elements of this m@arix (H matrix) are energies of inter- 

action between the members of the group. This matrix is diagonalized and 

these elements then contain the energies of the final spin functions. 

These final spin eigenfunctions are the columns of the matrix (U matrix) 

required to dlagonalize the H matrix. Each element in a spin function 

represents the contribution of a basic product function to that spin 

function. 

Before continuing, it is necessary to define the Po value of a spin func- 

tion, as shown in equation 3, where Sy is as previously defined. 

3 Po = y s 

3} 

po
ur
s 

Now the poaks observed in NMR spectra are transitions from one spin func~ 

tion to another. These transition energies and their intensities can be 

calculated a3 outlined below. Transitions are allowed between spin func- 

bklions whose Po yalues differ only by 1. TF this holds, the energy of the 

transition is the difference in energy of the final spin eigenfunctions, 

and the intensity of the transition is given by equation 4 where Cy is the 

uth element in one spin function, Cf is the vth element in the other spin 

tion, and A=] if the basic product functions represented by C. and C, c 

differ by one spin. Otherwise, A=@. 

4 T= (£2 c eta)? 
uov uv 

8.0 EXAMPLE 

The Following pages represent an actual printout. The spectra are repre- 

sentations of those displayed on the seope. The underlined data is that 

typed by the user. 
fal



LO NMRSIME, 2 

NMPSIM 

COMMENTS: DEMO 1. 

WANT PAPER TAPE L/O?e 

WANT HIGH SPEED READER~ PUNCH? Y 

NO. OF SPINS= 5 

OFFSET & WIDTH: 2,598 

CHEMICAL SHIFTS: 98,96,98,2668,2698 

COUPLING CONSTANTS: £,8,8,8,8,8,8,8,8,2, 

BLOCK, WU: 46B,3 

prey re An ee el a 

dat 

MIN. INTENSITY: re
 

DISPLAY LIST?Y 

INTENSITY ENERGY 

27.86 272.98 
98. 28 264. 99 
99.88 256.98 
36.928 248.98 

124. 88 97. 6B 
189.98 Sh. BL 
86. 6B 81.82



OFFSET & WIDTH: 2,382 

TAPE INPUT?Y 

BLOCK, U: 420,3, 

MORE? N 

Py: ~ 

NMRSIM 

COMMENTS: DEMO 1 CONT 

NO. OF SPINS= 2. 

OFFSET & WIDTH: 9,598 

CHEMICAL SHIFTS: 265,288 

COUPLING CONSTANTS : os 

o 

ca sees ae Re ae eS A Son it aint ee eh ek en ek 

COUPLING CONSTANTS: 19 

BLOCK, Uz: 449,3 

O?: 

OPPORT & WLUTH: 256,58 

TAVT: INPUT?N 

BLOCK, U: 448,3



MORE?N 

ro



9.0 ASSEMBLING NMRSIM 

The NMRSIIM program is supplied to the user in both source and binary on 

the tape. To generate anew binary file if the source program is modified é 

use the following procedure. 

1. 

nN
 

* 
ren

t 

LO. 

Load a DIAL-MS tape on unit 9. Load unit 1 with either 
a DIAL-V2 or DIAL-MS system tape. Tf another tape unit 
iS available, mount the tape containing the CLEARSYM and 
NMRSTM source programs there. Tf only two tape units 
are available; place the source programs on unit @ (with 
PIP Lf necessary), ta order to reduce the assembly time. 

Type +Zh @ to clear the binary Working Area of unit 1. 

Type >AS CLEARSYM » CLEARSYM is a two word program 
which produces a clean symbol table. 

8292 
SAVSYM 1 

Type AS NMR2, Qo » Error messages generated at this 
time should be ignored. Press the RETURN key to ter- 
Minate the assombly after the errors have all been prin- 
ted to suppress printing of the symbol table. 

Type Ew@. This clears the binary Working Arca on unit lL. 

Type “LT MMR3, Ba » L£ no listing is desired, use the AS 
command. Any errors generated now are real and must be 
corrected, 

Type LT NMR2, 82 - Because the symbol table produced is 
the same as the one generated in step 6, printing may be 
suppressed with the RETURN key after it has started to be 
printed. 

Type +SB NMR23,9 2 - This saves the binary output from the 
two previous assemblies 

Type 2a. 

Two versions of the Floating Point Package are applied. 
[f the machine has the MAF option, NMRLF should be used 
in the following steps and NMRSIMRF will bo generated. 
If the machine does nothave this option, NMR1L should be 
used to generate NMRSIM. 

10



ll. Type +A NMRI,g 2. 

12. Type »AB NMR23,f”. 

13. type »SB NMRSIM,@Pa. A binary file of NMRSIM(E) has now 
been generated and th command LO NMRSIM,@ dD will cause 
load and execute. 

10.0 INTERNAL DESCRIPTION 

The complete program listings are contained at the back of the manual. The 
following is a brief outline of the program; capital letters below refer to 

i. Begins with text mode for input of commentary. 

2. Enter the number of spins and store in N. 

cs. Set "switch" for punched output. 

4. Set up basic produce functions (BPFs}). 

A. Calculate NARRY array which contains relative addresses 
of the BPFs of different Fo value. 

B. Calculate NUSE array. This array actually contains the 
BPFPs. They are stored in groups, each group having an 
Po value one greater than the preceding group. 

UT
 

Get sweep offset and sweep width. 

6. Get chemical shifts. 

7. Get coupling constants. 

8. Initialize SPEC array. 

A. This array eventually contains the displayed spectrum. 

B. It is initialized to @ except for calibration points 
where it is set to 428, . 

9. Calculate first H and U matrices. 

A. First H matrix is always a 1 X 1 which does not require 
dlagonalization. 

BB. Pirst U matrix is always a 1 xX L with its only element 
egual to 1. 

10. Set FLAG which is the negative of the number of times the 
loop from 11 to 17 must be executed. 

il



il. 

12. 

14, 

16. 

17. 

18. 

Set N2, calculate EN and UOLD arrays. 

A. Copy the trace of the H matrix into the EN array. 

B. Copy the U matrix into the UOLD array. 

C. Set N2 equal to the size of the H matrix just copied. 

Calculate the size of the next H matrix and put in into NI. 

Determine which transitions will be allowed between the 
BPFs represented by UOLD and those that will be represented 
by J. This is stored in the array called TABLE. 

Initialize H and U matrixes. 

A. Diagonal H clements are calculated by equation 1. 

B. Off-diagonal H clements are calculated by equation 2. 

Cc. The U matrix is initialized to all zeros except for 
enes on the diagonal. 

Diagonalize the ff matrix and calculate the U matrix by 
the Jacobi method. 

Calculate transitions. 

A. Calculate transition energies by forming the differ- 
ences between the elements of the trace of the Hl mat- 
rix and the clements in the EN array. 

B. Calculate transition intensities from equation 4. 

C. Store appropriate values in SPEC array. 

Test FLAG to see if the loop is done. 

A. If loop is not done, go to ll. 

B. If loop is done, display spectrum. 

If ALT MODE is typed, interpret mnemonic and execute 
option. 

&
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READER’S COMMENTS DEC=12—UW5A-b 

Duntal Pquipment Corporation maintains a continuous effort to improve fhe quality and usefulness of its 
uilions. To do this effectively we need user feedback - your critical evaluation of this manual. 

se cominent on tis manual’s completeness, accuracy, otpanization, usability, and readability. 

Did vou find errors in this manual? 

can this raanual be improved? 

DEC alse sirives to keep ifs customers informed of current DEC software and publications. Thus, the following period- 
ically distributed publications ave available upon request. Please check the appropriate boxes for a current issue of the 
publication(s} desired. 

C} Software Manual Update. a quarterly collection of revisions to current software manuals. 

Pioase describe your posilion 

Nang. . Organization 

Streel _ Pepartment 

City State Zip or Country __ 
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HOW TO OBTAIN SOFTWARE NFORMATION 

icomnents bor new and revised soflwarc. us well as programming notes, software problems, and documenta- 

ecbions are published by Software fnforniation Scrvice in the following newsletters. 

Digital Software Nows for the PDP-S Family 
Phigital Solfware News for the PDP-G/15 Family 
PDP-o/PDP-10 Software Bulletin 

cable fa software available from Dieital’s Program: Library. 

Please complete the card below to place your name on the newslettcr mailing list. 

Questions of problems concerning DEC Software should be reported to the Software Specialist at your nearest DEC 

regional or district sales office. in cuscs where no Software Specialist is available, please send a Software Trouble 
Report form with details of the problem to 

Software Information Service 
Digital bquipment Corporation 

146 Main Strect, Bldg. 3-5 

Maynard, Massachusetts 1754 ¢ 

These forms. which are available without charge from the Program Library, should be fully filled out and accompa- 

nicd by teletype output as well as listings or tapes of the user program to facilitate a complete investigation. An 

answer will be sent to the individual and appropriate topics of general interest will be printed in the newsletter. 

Now and revised software and manuals, Software Trouble Report forms, and cumulative Software Manual Updates 

ate available from the Program Library. When ordering, include the document number and a brief description of 

program or manual requested. Revisions of programs and documents will be announced in the newsletters and 

ist will be included twice yearly. Direct all inquiries and requests to: 

n Library 

Dig Equipment Corporation 

146 Main Street, Bldg. 3-5 
Maynard, Massachusetts 01754 

= 

Digital equipment Computer Users Society (DECUS) maintains a user Library and publishes a catalog of programs 

as well as the DECUSCOPE magazine for its members and non-members who request it. For further information & i 
sé write to: 

DECUS 

Digital Equipment Corporation 
146 Main Street 

Maynard, Massachusetts 01754 

Send Digital's software newsletters fo: 

Name 

Company | e 

Address 

(zip code) 

My computer is a Pop-s/f 0) Ppp-8/L © 
LINC-8 (J PpP-12 () 
Pop-o PpP-15 ( Please specify 
PDP-10 © OTHER © oes 

My system serial number is af known) 
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