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FUNDAMENTOS QUÍMICOS DE LA INGENIERÍA
TEMA 1: ESTRUCTURA ATÓMICA Y 

PROPIEDADES PERIÓDICAS

Structural Determination

Ultraviolet spectroscopy

Is a conjugated  electron 

system present?

Nuclear Magnetic Resonance 
spectroscopy

What is the carbon-hydrogen 

framework?

Infrared spectroscopy

What functional groups 

are present?

Mass spectrometry

What is the molecular weight 

and formula?
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Spectroscopy

Electromagnetic Radiation

Absorption of energy 


Incident radiation has the right 


E = E = h·

Spectrum of Electromagnetic Radiation

IR spectroscopy NMR spectroscopy
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NUCLEAR MAGNETIC RESONANCE (NMR)

Introduction

In absence of an 

external magnetic 

field

Random orientation

✓ Strength of the external magnetic field

✓ Identity of the nuclei

∆E = hν0   resonance frequency: The frequency that matches exactly 
the energy difference. 

In presence of an 

external magnetic 

field

Alignment with () or against () 
magnetic field
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NMR Absorptions

Nuclei are shielded from the full effect of the applied field by the 

surrounding electrons.

Distinct NMR signal for each chemically distinct 13C or 1H 

nucleus in a molecule.

NMR spectrometer

Solvents: CDCl3, CD2Cl2, THF-d8, etc.
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Chemical Shifts

NMR Spectra

Upfield


Higher field strength for 
resonance



Nuclei More shielding

Downfield


Lower field strength for 
resonance



Nuclei Less shielding

Reference Absorption Peak

Tetramethylsilane (TMS):  = 0 ppm
Chemical Shift

Delta Scale () in ppm

NMR absorptions:

1H NMR:  = 0-10 ppm

13C NMR:  = 1-220 ppm

NUCLEAR MAGNETIC RESONANCE (NMR)

Determine Molecular Structure

Example: Methanol

H more shielding: absorb 
to higher field

H less shielding: absorb to 
lower field
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𝛿 =
𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑 𝑐ℎ𝑒𝑚𝑖𝑐𝑎𝑙 𝑠ℎ𝑖𝑓𝑡 (𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑜𝑓 𝑝𝑒𝑎𝑘 𝑓𝑟𝑜𝑚 𝑇𝑀𝑆 𝑖𝑛 𝐻𝑧)

𝑠𝑝𝑒𝑐𝑡𝑟𝑜𝑚𝑒𝑡𝑒𝑟 𝑓𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦 𝑖𝑛 𝑀𝐻𝑧C

H

H

H

O

H



PROTON NUCLEAR MAGNETIC RESONANCE (1H NMR)

Proton equivalence

➢ Protons are chemically unrelated  nonequivalent The −CH2− and −CH3 hydrogens are 
unrelated and have different NMR 

absorptions

➢ Protons are chemically identical  equivalent The six −CH3 hydrogens are homotopic
and have the same NMR absorption

Chemical Shifts in 1H NMR

Protons bonded to 

sp3 carbons

Protons bonded to sp2

carbons and bonded to 

electronegative atoms

(N, O, or X)
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PROTON NUCLEAR MAGNETIC RESONANCE 

(1H NMR)

Chemical Shifts in 1H NMR
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Chemical Shifts in 1H NMR
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Spin-spin splitting in 1H NMR spectra

Interaction of the spins of nearby nuclei

Area  number of protons


Relative numbers of  kind of H in a molecule

Integrating area under peak
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Spin-spin splitting in 1H NMR spectra

Rule 1. Chemically equivalent protons don’t show spin-spin splitting.

Rule 2. The signal of a proton with n equivalent neighboring protons is

split into a multiplet of n+1 peaks.

H farther than two C atoms


don’t usually couple

Rule 3. Two groups of protons coupled to each other have the same coupling constant (space between the two peaks), J.
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Nuclear Magnetic Resonance

11. Structural Determination

Example: 

p-methoxypropiophenone

Four aromatic protons coupling 
with their neighbor

Doublet (d) COCH2CH3

COCH3

HAHA

HBHB

HA
HB

−OCH3 protons no coupling
Singlet (s)

−CH2− protons coupling with 
−CH3 protons 

Quartet (q)

−CH3 protons coupling with 
−CH2− protons 

Triplet (t)
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TEMA 1: ESTRUCTURA ATÓMICA Y 
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CARBON NUCLEAR MAGNETIC RESONANCE (13C NMR)

Low natural abundance of 13C  noisy NMR spectrum

❖ It is possible count the number of different C atoms in a molecule. 

❖ No coupling of a 13C nucleus with nearby carbon. 

❖
13C resonances are between 0 and 220 ppm from TMS reference line.

❖ Peak intensities no longer correspond to numbers of nuclei.
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CARBON NUCLEAR MAGNETIC RESONANCE (13C NMR)

✓ Carbons bonded to O, N, or halogen absorb downfield of typical alkane carbons.

✓ sp3 C absorb from 0 to 90 .

✓ sp2 C absorb from 110 to 220 .

✓ Carbonyl C are found at the low-field end of the spectrum (160-220 ).
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Examples: 2-Butanone

p-Bromoacetophenone
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IR SPECTROSCOPY

It detects the characteristic bonds of many functional groups through their absorption of infrared light.

Useful IR region

Some kinds of allowed vibrations:

Absorption of infrared light Vibrational excitation of the bonds

Chemistry II – MODULE 2. ORGANIC CHEMISTRY
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IR SPECTROSCOPY

➢ A molecule can stretch only at specific frequencies (corresponding to specific energy levels).

➢ Each frequency absorbed corresponds to a specific molecular motion.

What functional groups are 

present?
IR spectrum What molecular motions?

Characteristic IR bands of some common 

functional groups:
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Characteristic IR bands of some common functional groups:
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Examples: 

Hexane

1-Hexene

1-Hexyne

C sp3−H

C sp2−H

C sp−H
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