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En un mundo en constante evolución, los estudiantes 
se enfrentan a desafíos que exigen no solo 
conocimientos académicos, sino también habilidades 
transversales que los preparen para su futuro como 
ciudadanos globales. En SEK Education Group, 
trabajamos para que cada uno de nuestros alumnos 
desarrolle estas competencias a través de programas 
rigurosos e inspiradores.

La publicación Orbis Tertius es una ventana al 
extraordinario trabajo de nuestros estudiantes, 
quienes, a través de sus monografías del Programa 
del Diploma (DP) del Bachillerato Internacional, 
demuestran su capacidad para investigar, analizar 
y resolver problemas de manera autónoma. Estos 
trabajos son esenciales para consolidar los enfoques 
de aprendizaje, que fomentan habilidades como la 
investigación, la comunicación y la reflexión. Asimismo, 
cada proyecto refleja el perfil de aprendizaje del IB, que 
promueve valores como la indagación, el pensamiento 
crítico y el compromiso.

Las monografías no son solo una culminación 
académica, son, además, una herramienta clave en 
el desarrollo personal de nuestros estudiantes, ya 
que les permiten conectar lo aprendido con el mundo 
real, mientras desarrollan habilidades que serán 
fundamentales en su vida universitaria y profesional.

Quiero agradecer a los profesores y moderadores por 
su dedicación y guía durante este proceso. Ellos han 
jugado un papel esencial en garantizar que nuestros 
estudiantes no solo desarrollen proyectos académicos 
de calidad, sino que también crezcan como aprendices 
autónomos y comprometidos.

Espero que disfruten de esta edición de Orbis Tertius, 
una verdadera muestra del talento y la dedicación de 
nuestros jóvenes, y del impacto que el IB tiene en su 
formación integral.

Iván Martínez Pastor
Director General SEK International Schools

In an ever-changing world, students face 
challenges that require not only academic 
knowledge, but also cross-cutting skills that 
prepare them for their future as global citizens. 
At SEK Education Group, we work to ensure 
that each of our students develop these 
competencies through rigorous and inspiring 
programmes.

Orbis Tertius is a window into the extraordinary 
work of our students, who, through their 
IB Diploma Program (DP) extended essays, 
demonstrate their ability to research, analyse 
and solve problems autonomously. These 
assignments are essential to consolidate 
learning approaches that foster skills such as 
research, communication and reflection. In 
addition, each project reflects the IB learning 
profile, which promotes values such as inquiry, 
critical thinking and engagement.

The extended essays are not only a culmination 
of their academic work, they are also a key tool 
in the personal development of our students, 
as they allow them to connect what they have 
learned with the real world, while developing 
skills that will be fundamental in their university 
and professional life.

I would like to thank the teachers and 
moderators for their dedication and guidance 
during this process. They have played an 
essential role in ensuring that our students not 
only produce quality academic projects, but also 
grow as autonomous and engaged learners.

I hope you enjoy this edition of Orbis Tertius, a 
true showcase of the talent and dedication of 
our young people, and the impact that the IB 
has on their all-round education.

Iván Martínez Pastor
Director General SEK International Schools

Editorial



INTRODUCCIÓN
La agricultura pertenece al sector primario y se 
define como “la actividad que se dedica al cultivo 
de la tierra, con el fin de obtener productos desti-
nados al uso humano” (Junta de Andalucía, 2009). 
Esta actividad se encuentra inmersa en un dilema 
global, ya que es necesario proporcionar alimentos 
para la población, pero su método de producción 
se describe como insostenible ya que no conlleva 
un buen uso de los recursos naturales, como, por 
ejemplo, contaminando el agua, tanto del riego del 
cultivo como la de uso cotidiano, mediante ferti-
lizantes y plaguicidas (Ministerio de Agricultura, 
Pesca y Alimentación, 2017).  

Actualmente, la sostenibilidad es un tema de gran 
importancia a nivel global, ya que representa el 
equilibrio en la forma de convivir de los humanos 
con el entorno natural. La sostenibilidad es el uso de 
los recursos naturales que puede producir una ren-
ta natural sostenible de bienes o servicios (Davis, 
2015). Un desarrollo sostenible toma consideración 
y se preocupa tanto por el medio ambiente como 
por el desarrollo económico, satisfaciendo las nece-
sidades de la población presente sin generar daños 
futuros. Por ello se desarrolló la Agenda 2030, un 

1  Gases de efecto invernadero

plan aprobado para favorecer a las personas, el pla-
neta y la prosperidad; adoptado por 193 miembros 
de las Naciones Unidas en 2015 (Castejón, 2018).  

Los principales objetivos de la Agenda 2030 están 
vinculados con la sostenibilidad del planeta, y si 
hacemos referencia a las actividades agrarias po-
demos observar cómo esta agenda insta a adoptar 
y promover prácticas agrícolas sostenibles, mejo-
rando la productividad de los cultivos y generando 
el menor impacto posible en el medio ambiente. 
Este objetivo se presenta por el punto 12 de la 
Agenda 2030 “Producción y consumo responsa-
ble”, donde se alienta a las empresas agrícolas a 
seguir los siguientes objetivos:  
1.	 Garantizar el uso de una gestión sostenible del 

agua, donde esta no se vea fuertemente con-
taminada y pueda volver a utilizarse para otros 
tratamientos.  

2.	 Implementar un consumo responsable de ali-
mentos, donde un tercio de los alimentos pro-
ducidos no se vean desperdiciados.  

3.	 Promover medidas urgentes para evitar el cam-
bio climático, reduciendo el uso de productos 
que promuevan la emisión de GEI1, como son los 
fertilizantes o los plaguicidas.  

Sostenibilidad de 
dos suelos de cultivo 

agrarios según la Agenda 
2030 

¿Qué tipo de suelo, entre uno tradicional y uno hidropónico de sustrato 
de fibra de coco, del cultivo de Pimiento California Rojo (Capsicum 

annuum) perteneciente a la variedad Vanadio de la casa de semillas Enza 
Zaden, será en mayor medida más sostenible, tanto medioambiental 

como económicamente, según el objetivo de desarrollo sostenible 
número 12, Producción y consumo responsables, de la Agenda 2030? 

Mara Mena Barranco
SEK-Alborán
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cado internacional de Inglaterra y Alemania. La empre-
sa trabaja con suelos hidropónicos de sustrato de fibra 
de coco y con suelos tradicionales, por lo que, para rea-
lizar mi análisis comparativo, me centré en una de las 
posibles mejoras aportadas por el estudio del Instituto 
Tecnológico y de Estudios Superiores de Monterrey, 
México (Ceja, 2011). Concluían con la posibilidad de es-
tablecer un tipo de suelo hidropónico de sustrato de 
fibra de coco, ya que podría ser más sostenible que el 
suelo tradicional, al ser totalmente natural. Gracias a 
esto, pude determinar el objetivo principal de mi in-
vestigación.  

El objetivo de este proyecto es ver qué tipo de suelo de 
cultivo, entre uno hidropónico de sustrato de fibra de 
coco y uno de suelo tradicional, será en mayor medida 
más sostenible medioambiental y económicamente. 
Esto se analizará recogiendo los datos de la cantidad 
de agua, fertilizantes y plaguicidas utilizados en am-
bos suelos. En cuanto a la economía, recogeremos los 
kg de producción y el precio del cultivo a lo largo de 
dos distintas campañas, para poder comparar el bene-
ficio económico de los suelos de cultivo. Nos centrare-
mos concretamente en la Campaña 2021-2022 y en la 
2022-2023.  

"Para estudiar de primera 
mano su sostenibilidad, 
me interesé en realizar 
mi propio estudio 
comparativo, donde 
poder comparar estos 
dos suelos agrarios, un 
suelo hidropónico y uno 
tradicional, ya que son 
los más abundantes en 
Almería".

MARCO TEÓRICO  
Sistemas Ambientales y Sociedades estudia la inte-
racción y relación que puede existir entre los ecosiste-
mas naturales y la sociedad humana. En concreto, en 
la sección 5.2 “Soil systems, terrestrial food production 
systems, and societies” de la asignatura. A lo largo de 
este punto se expone la importancia de la agricultura 
sostenible atendiendo al uso del agua, los plaguicidas y 
los fertilizantes.  

En primer lugar, un uso incorrecto de agua es aquel en 
el que se gaste y desperdicie mucha cantidad o en el 
que se contamine (Gobierno, 2019), ya que al contami-
narse puede dirigirse hacia aguas subterráneas como 
acuíferos y, a su vez, contaminarlos, generando una de-
gradación en la calidad del agua de uso cotidiano. Por 
otro lado, la cantidad de fertilizantes puede influir en el 
mal saneamiento del agua, contaminándola y deterio-
rando el suelo del cultivo (Ministerio para la Transición 
Ecológica y el Reto Demográfico, 2020). Si existe este 
deterioro, la capacidad del suelo de retener agua se verá 
afectará y, consecuentemente, la planta se verá someti-
da a un mayor trabajo para poder extraer el agua, lo que 
puede hacer que la producción de pimientos decrezca 
(Traxco, 2014). Además, estos productos pueden hacer 
que varios microorganismos beneficiosos de la tierra 
como las rizobacterias o las micorrizas, que ayudan a 
la absorción de nutrientes de la planta, se mueran (Go-
bierno de México, 2015). Los efectos de los plaguicidas 
son casi iguales a los de los fertilizantes. Por ello el uso 
excesivo de plaguicidas podrá contaminar tanto el agua 
utilizada para el riego por goteo, como la subterránea 
mediante el proceso de lixiviación, cuando estos pro-
ductos son aplicados en la superficie agraria, las lluvias 
o el propio riego pueden arrastrarlos hasta las capas 
subterráneas (ELSEVIER, 2021).  

En cuanto a la sostenibilidad, la dividiremos en 2 factores:  
1.	 Sostenibilidad medioambiental  

Este término hace referencia a la producción agraria 
estable en términos del medio ambiente y los efectos 
contaminantes de los productos agrícolas. Nos debe-
mos preguntar qué tipo de suelo de cultivo genera 
el menor impacto negativo en el medio ambiente, 
evitando el uso excesivo de los recursos naturales. 
Este factor es el más importante dentro de la sos-
tenibilidad, ya que es correlativo a la sostenibilidad 
económica.  

En mi caso, vivo en la provincia de Almería concreta-
mente en la zona del Poniente, ubicada al sureste de 
España y sustentada económicamente por los cultivos 
agrarios bajo invernaderos. El 24 de mayo de 2022, el 
generador operacional de imágenes de tierra 2, a bordo 
del satélite Landsat 9, capturó imágenes a color sobre 
la zona del Poniente Almeriense. Nombraron la zona 
como “El mar de plástico de Almería” o “El Huerto de 
Europa”, describiéndola como una de las zonas con las 
concentraciones más altas de invernaderos del mundo, 
cubriendo más de 40.000 hectáreas (NASA, 2022).  

Imagen 1: (NASA, 2022)  

Debido a la cantidad de invernaderos, la población Al-
meriense se encuentra con un problema local que gene-
ra una gran preocupación futura. Almería es caracterís-
tica por ser una de las zonas más secas del continente, 
con tan solo 200mm de lluvia al año (Alonso, 2022), por 
lo que si le añadimos la alta demanda de agua que ge-
neran los cultivos agrarios bajo invernaderos, vemos 
una mayor escasez de aguas en la provincia. En el año 
1940 se descubrieron los acuíferos (almacenes de agua 
subterráneos), lo que aumentó la cantidad de agua de 
la provincia y, consecuentemente, redujo su demanda, 
pero estos acuíferos se vieron afectados debido al uso 
de fertilizantes y plaguicidas de los invernaderos. Estos 
productos contaminaban las aguas subterráneas me-
diante sus componentes químicos, como el Nitrógeno, 
filtrándose debajo de la tierra y mezclándose al agua de 
uso diario. Como alumna del IB, esto me hizo reflexionar 
sobre el futuro de Almería y cómo se podría ver de afec-
tada en un futuro, debido a la escasez de agua, dando 
como resultado la falta de alimento y consecuentemen-
te un decrecimiento de la economía local. Por ello decidí 
investigar distintos estudios sobre la sostenibilidad de 

suelos agrarios, para contemplar una posible solución 
ante este problema.  

Existen varios estudios sobre la sostenibilidad de dis-
tintos cultivos de Capsicum annuum bajo invernadero. 
El estudio comparativo de la Universidad de Ingenie-
ría Industrial de las Américas de Ecuador describe las 
ventajas de los sistemas de cultivo hidropónicos y las 
del suelo de tierra tradicional (Albuja, 2021). Concluyen 
afirmando que los cultivos hidropónicos minimizan el 
consumo de agua, gracias a su reutilización para otros 
cultivos, siendo más sostenible para el medio ambien-
te. Por otro lado, El Instituto Tecnológico y de Estudios 
Superiores de Monterrey, México (Ceja, 2011) comparó 
los impactos ambientales del cultivo de pimiento bajo 
invernadero en un sistema hidropónico de sustrato y 
en un sistema de tierra tradicional. Se concluyó que el 
cultivo hidropónico es menos sostenible ya que la can-
tidad de insumos, es decir, la cantidad de productos 
usados para el control de plagas y crecimiento de las 
plantas es superior.  

Además, se necesitan materiales como el sustrato, lo 
que produce emisiones de gas de CO2, ya que debe de 
ser trasladado desde otro continente. Por eso el autor 
de este estudio propuso utilizar sustrato de tipo “fibra 
de coco”, producido en su propio país mediante recur-
sos naturales.  

Gracias a las investigaciones preliminares, pude com-
probar que las conclusiones de los estudios eran con-
tradictorias. Por ello, para estudiar de primera mano 
su sostenibilidad, me interesé en realizar mi propio es-
tudio comparativo, donde poder comparar estos dos 
suelos agrarios, un suelo hidropónico y uno tradicional, 
ya que son los más abundantes en Almería. La elección 
de este método se basa en un análisis comparativo ya 
que muestra una posible conclusión a la pregunta me-
diante similitudes y diferencias de datos cuantitativos 
de las variables independientes. Además, me fijé que 
en todos los estudios preliminares se aplicaba el mé-
todo comparativo, por lo que decidí que, dentro de los 
métodos de investigación de la asignatura de Sistemas 
Ambientales y Sociedades, este sería el más adecuado.  

Además, mi entorno familiar se dedica a la agricultura 
con empresa propia, llamada Original Fresh, dedica-
da a la comercialización de productos hortofrutícolas, 
concretamente de pimiento California rojo, en el mer-
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HIPÓTESIS  
Si las medias de los datos analizados en las dos cam-
pañas son distintas, la media que utilice menos plagui-
cidas, agua y fertilizantes será en mayor medida más 
sostenible medioambientalmente, porque los objetivos 
de esta agenda se basan en que sea la menor posible la 
cantidad de agua gastada para el riego, los productos 
para el crecimiento de la planta y la prevención de pla-
gas. Además, teóricamente esto establece una correla-
ción positiva con la producción de los cultivos y conse-
cuentemente será más sostenible económicamente.  
 
Tabla 1: Tipos de variables dependientes, independientes y 
controladas para nuestro estudio comparativo.  

VARIABLES 
DEPENDIENTES DESCRIPCIÓN 

Cantidad de m3/ha de 
agua. 

El agua la proporciona una Comunidad de 
Regantes llamada “Sol y Arena”. El agua 
que analizaremos será del riego por goteo 
que se mide con un contador con una 
incertidumbre de ± 0,01. 

Kg / ha totales de 
fertilizantes. PONGO 
EL TIPO 

Los fertilizantes se encuentran diluidos 
en H2O, concretamente el Nitrógeno, 
Magnesio, Fósforo, Calcio y Potasio. 

g / L totales de 
plaguicidas 

Los tipos analizados serán Acramite 480 
5C, Affirm, Agrimec pro, Altacor 35 WG,  
Exalt y Gazel Plus SG. 

Fuente propia  

  
VARIABLES INDEPENDIENTES 

Tipo de suelo hidropónico, concretamente de sustrato de fibra de 
coco, proporcionado por la Empresa Hortalan by Projar y titulado 
Placa de Cultivo Balance 70/30. 

Tipo de suelo de tierra de labranza. 

Fuente propia  

 

VARIABLES 
CONTROLADAS 

DESCRIPCIÓN 

Factores abióticos Estas variables se controlan mediante los 
informes del tiempo y clima a lo largo de las 
4 estaciones de las campañas de Cajamar 
(Cajamar, 2022). 

Tipo de pimiento 
cultivado 

Ambos cultivos tratan de la producción de 
Capsicum annuum perteneciente a la variedad 
Vanadio de la casa de semillas Enza Zaden. 

Tipo de abono El tipo de abono es “GAT CA tm”. 

Fuente propia   

Tabla 2: Media de los 4 factores abióticos controlados para 
nuestra investigación a lo largo de las 4 estaciones de la 
Campaña 2021-2022.  

 	 𝒙 VERANO 𝒙 OTOÑO 𝒙 INVIERNO 𝒙 PRIMAVERA 𝒙 

Precipitación 
media 

2,9 l/m2 4,0 l/m2 50,2 l/m2 55,6 l/m2 28,2 l/m2 

Porcentaje de 
humedad 

75,0% 63,0% 38,0% 43,0% 55,0% 

Temperatura 28,1 0C 16,0 0C 14,0 0C 21,30C 19,8 0C 

Luz solar 854,0 W/ m2 632,0 W/ m2 453,0 W/ m2 658,0 W/ m2 650,0 W/ m2 

Fuente propia  

Tabla 3: Media de los 4 factores abióticos controlados para 
nuestra investigación a lo largo de las 4 estaciones de la 
Campaña 2022-2023.  

 	 𝒙 VERANO 𝒙 OTOÑO 𝒙 INVIERNO 𝒙 PRIMAVERA 𝒙 

Precipitación 
media 

 1,2 l/m2 3,3 l/m2 45,6 l/m2 53,2 l/m2 25,8 l/m2 

Porcentaje de 
humedad 

78,0% 58,0% 35,4% 41,0% 53,1% 

Temperatura 29,7 0 C 17,00 C 15,0 0 C 22,5 0 C 21,0 0 C 

Luz solar 890,0 W/ m2 654,0 W/ m2 420,0 W/ m2 649,0 W/ m2 653,3 W/ m2 

Fuente propia  

"El cultivo de suelo tradicional 
depende totalmente de la 
tierra del suelo de cultivo. Si 
el suelo se daña, debido a los 
factores abióticos como la falta 
de humedad, precipitaciones, 
temperaturas o la luz solar, 
todo el cultivo también se 
dañará, ya que son factores 
limitantes en el crecimiento de 
la planta". 

2.	Sostenibilidad económica  
Una vez analizado el impacto medioambiental, es 
importante ver la producción de ambos cultivos. Se 
debe analizar qué tipo de cultivo no es solo más sos-
tenible, sino que también produce mejor beneficio de 
producción de pimientos para el consumo humano.  

Por último, antes de comenzar con los tipos de suelos, 
es importante destacar que el cultivo trata de la crianza 
de Pimiento California Rojo, con el nombre científico de 
Capsicum annuum, perteneciente a la variedad Vanadio 
de la casa de semillas Enza Zaden.  
 
En primer lugar, el cultivo hidropónico de sustrato de fi-
bra de coco2 se incorporó en la producción de pimientos 
de la empresa de Original Fresh, ya que se investigó que, 
al ser un derivado de la cáscara del coco (producto na-
tural), reducía el impacto medio ambiental. Además, una 
de sus características más importantes es la retención de 
agua de sus raíces, lo que hará que, a pesar de necesitar 
grandes cantidades, el agua que pueda estar contamina-
da no se vaya hacia aguas subterráneas. Cuando el agua 
toca la fibra de coco, esta se hincha absorbiéndola y evi-
tando su desperdicio para el cultivo. Además, es desta-
cable que, gracias a su carácter aislante (Jisa Advanced 
Agro, 2019), mantiene las raíces de las plantas protegidas 
de plagas y reduce el uso de plaguicidas. Por otro lado, 
usa un gran contenido de fertilizantes ya que el suelo de 
fibra de coco no contiene nutrientes propios, a diferencia 
del suelo tradicional, por lo que se deben administrar ar-
tificialmente (Coco coir Global, 2023).  

En segundo lugar, el cultivo de suelo tradicional depende 
totalmente de la tierra del suelo de cultivo. Si el suelo se 
daña, debido a los factores abióticos como la falta de hu-
medad, precipitaciones, temperaturas o la luz solar, todo 
el cultivo también se dañará, ya que son factores limitan-
tes en el crecimiento de la planta. Se necesitan grandes 
cantidades de plaguicidas para controlar las plagas, ya 
que, al ser tierra de labranza, en ella se encuentra una 
gran variedad de especies de mosquitos como el “Herci-
nothrips femoralis”, conocido como el Trip, que afecta a 
la planta alimentándose de sus células vegetales y cau-
sando cicatrices en las hojas y frutos del cultivo (GOIA, 
2017). En referencia al uso del agua del cultivo, mucha se 
puede desperdiciar y caer hacia las aguas subterráneas 
de forma contaminada, lo que podría provocar la conta-
minación del agua de uso doméstico.  

2  htps://www.canna.es/el_uso_fibra_coco_como_concepto_cultivo

UBICACIÓN GEOGRÁFICA DE LOS 
INVERNADEROS  

Imagen 2: Captura de pantalla de la aplicación de Google Maps.  

En esta imagen se puede observar que ambos inverna-
deros se encuentran próximos el uno del otro, siendo los 
factores abióticos iguales, a pesar de que el invernadero 
de suelo tradicional se encuentre en una leve pendien-
te del 3%. Para nuestro análisis no se tendrá en cuenta 
esta leve inclinación, lo que puede ser una limitación a 
la hora de analizar nuestros datos ya que podremos ob-
tener resultados menos precisos. Los factores abióticos 
son la temperatura, la humedad, las precipitaciones y 
la luz solar y se controlarán mediante los informes del 
clima a lo largo de las 4 estaciones de las campañas de 
la Empresa Cajamar (Cajamar, 2022). Verano compren-
derá los meses desde julio hasta septiembre; otoño des-
de octubre hasta diciembre; invierno desde enero hasta 
marzo, y primavera desde abril hasta junio.  

Además, se debe tener en cuenta que la finca de sue-
lo tradicional tiene 15000 m2, mientras que la finca de 
suelo hidropónico de sustrato de fibra de coco tiene 
19000  m2. Como sus dimensiones son distintas anali-
zaremos los datos en hectáreas. Una hectárea equivale 
a 10000 m2 , que son los metros que analizaremos para 
comparar con más exactitud.  

htps://www.canna.es/el_uso_fibra_coco_como_concepto_cultivo
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Tabla 5: Media del consumo de los meses totales de la cantidad de fertilizantes en kg/ha de ambos suelos por campañas.  

𝒙  
𝐝𝐞 𝐟𝐞𝐫𝐭𝐢𝐥𝐢𝐳𝐚𝐧𝐭𝐞𝐬 

CAMPAÑA  
2021-2022 

DEL SUELO 
TRADICIONAL 

CAMPAÑA 
2021-2022  

DEL SUELO DE 
SUSTRATO DE 

FIBRA DE COCO 

CAMPAÑA  
2022-2023 
DEL SUELO 

TRADICIONAL 

CAMPAÑA  
 2022-2023 

DEL SUELO DE 
SUSTRATO DE 

FIBRA DE COCO 

𝐱 𝐝𝐞 𝐟𝐞𝐫𝐭𝐢𝐥𝐢𝐳𝐚𝐧𝐭𝐞𝐬  
TOTALES 

UTILIZADOS 
EN EL SUELO 
TRADICIONAL 

𝐱 𝐝𝐞 𝐟𝐞𝐫𝐭𝐢𝐥𝐢𝐳𝐚𝐧𝐭𝐞𝐬  
TOTALES 

UTILIZADOS EN 
EL SUELO DE 
SUSTRATO DE 

FIBRA DE COCO 

Nitrógeno (kg/ha) 215 kg/ha 265 kg/ha 223 kg/ha 254 kg/ha 219 kg/ha 260 kg/ha 

Fósforo (kg/ha) 131 kg/ha 147 kg/ha 124 kg/ha 136 kg/ha 128 kg/ha 142 kg/ha 

Potasio (kg/ha) 355 kg/ha 438 kg/ha 369 kg/ha 407 kg/ha 362 kg/ha 423 kg/ha 

Calcio (kg/ha) 118 kg/ha 146 kg/ha 123 kg/ha 135 kg/ha 121 kg/ha 141 kg/ha 

Magnesio (kg/ha) 41 kg/ha 51 kg/ha 43 kg/ha 47 kg/ha 42 kg/ha 49 kg/ha 

Fuente propia   

Haciendo referencia a la Tabla 5, la media total de los fertilizantes utilizados para el crecimiento de las plantas, es 
mayor en el suelo hidropónico de sustrato de fibra de coco. Al ser la cantidad de fertilizantes mayor, según la Agenda 
2030, es más probable que el agua se contamine, debido a los gases que emiten los fertilizantes al medio ambiente y 
agua subterráneas. Teniendo en cuenta que Almería es una zona escasa en agua, contaminarla podría producir un gran 
daño al futuro de la población, sometiéndola a una insostenibilidad medioambiental y económica.  

Tabla 6: Consumo de plaguicidas a lo largo de la Campaña 2021-2022 y la Campaña 2022-2023 en los dos tipos de suelos de cultivo.  

𝒙   
de los plaguicidas 

CAMPAÑA  
2021-2022 DEL SUELO 

TRADICIONAL 

CAMPAÑA 
2021-2022  

DEL SUELO DE SUSTRATO 
DE FIBRA DE COCO 

CAMPAÑA  
2022-2023 DEL SUELO 

TRADICIONAL 

CAMPAÑA  
 2022-2023 DEL SUELO DE 
SUSTRATO DE FIBRA DE 

COCO 

Acramite 480 5C  (Ácaros) 14.000,00 g/l 0,00 g/l 0,00 g/l 134.177,65 g/l 

Affirm (Oruga  “Tuta 
absoluta”) 

800,00 g/l 800,00 g/l 1.300,00 g/l 475,00 g/l 

Agrimec pro  (Ácaros) 40,00 g/l 0,00 g/l 130,00 g/l 47,50 g/l 

Altacor 35 WG  (Orugas) 90,00 g/l 50,00 g/l 0,00 g/l 50,29 g/l 

Exalt  (Lepidópteros) 800,00 g/l 0,00 g/l 0,00 g/l 950,00 g/l 

Gazel Plus SG  (Mosca blanca) 280.000,00 g/l 180.000,00 g/l 520.000,00 g/l 190.000,00 g/l 

Fuente propia   

En la Tabla 6 se observa como en la campaña 2021-2022 el uso de plaguicidas en el suelo tradicional fue mayor que 
en el suelo hidropónico; mientras que su uso en la campaña 2022-2023 fue mayor en la finca de suelo hidropónico de 
sustrato. Esto se debe a que, dependiendo del año, aparecen plagas que afectan a algunos invernaderos y a otros no. 
Dejando de lado este factor, podemos ver como en los productos coincidentes en ambos suelos, como son Affirm, 
Altacor 35 WG y el Gazel Plus SG en la campaña 20212022; y Affrim, Agrimer pro, y Gazel Plus en la campaña 2022-
2023, es mayor la cantidad de plaguicidas utilizados por el suelo tradicional, lo que nos permite concluir que el uso de 
plaguicidas en unas condiciones de plagas iguales será mayor en el suelo tradicional.  

MÉTODO  
1.	 Me puse en contacto con la empresa “Original Fresh” 

y me contextualizó los cuidados y tratados de la em-
presa ante los cultivos de los suelos.  

2.	 Anoté las variables dependientes que iba a analizar 
e investigué sobre las variables que iba a controlar. 
Controlando los factores abióticos, mediante los in-
formes hortofrutícolas proporcionados por la empre-
sa nacional de Cajamar, pude darme cuenta de que 
no variaban dependiendo del invernadero debido a la 
cercanía entre ambos. Este dato podría considerarse 
una fortaleza de mi estudio.  

3.	 Preparé manualmente (con la ayuda de los emplea-
dos de Original Fresh) los fertilizantes diluidos en 
agua. Asimismo, anoté todos los tipos de plaguicidas 
de la empresa para tener una lista ordenada sobre 
los productos que podríamos usar dependiendo del 
tipo de plaga.  

4.	Al comienzo de la Campaña 2022-2023, en septiem-
bre, comencé a plantar los pimientos Capsicum an-
nuum y fui incorporando distintas cantidades de fer-
tilizantes, agua y plaguicidas según iba creciendo el 
cultivo y según las necesidades de cada tipo de suelo.  

5.	 A partir de septiembre, fui recogiendo el día 15 de 
cada mes todos los datos de las variables dependien-
tes de ambos suelos para luego poder compararlas. 
Al recoger datos cada 15 días, pude apreciar exac-
tamente cómo iban variando los cultivos en cuanto 
a las variables dependientes utilizadas. Esto fue un 
acierto de mi metodología ya que me facilitó el es-
tudio y pude obtener datos más precisos y con más 
variedad de tiempo.  

6.	Para los datos de la Campaña 2021-2022, la empresa 
me proporcionó sus informes de la cantidad de agua 
de riego por goteo, fertilizantes y plaguicidas, ya que 
yo no podía medir las variables de años anteriores.  

7.	 En cuanto al análisis de la sostenibilidad económica, 
a lo largo de las campañas hay subastas diarias y me 
resultó imposible acudir a todas las subastas de pre-
cios de pimientos. Debido a esto, para poder calcular 
la media del precio del pimiento California Rojo en 
ambas campañas, hice uso de la plataforma de su-
bastas de Almería, donde publican diariamente los 
precios subastados (La Unión, 2024).  

ANÁLISIS DE DATOS  

Tabla 4: Media de la cantidad de agua en m3/ha (±0,01) utilizada 
para el riego en los dos tipos de suelos de cultivo estudiados, 
por campañas.  

 
CAMPAÑA 
2021-2022 

± 𝟎, 𝟎𝟏 

CAMPAÑA
2022-2023 ± 

𝟎, 𝟎𝟏

 𝒙 (M3/ HA)  
± 𝟎, 𝟎𝟏 

Nave de suelo 
tradicional 5327,23 m3/ha 4104,18 m3 / ha 4715,71 m3/ha 

Nave de suelo 
de sustrato de 
fibra de coco 

6367,94 m3/ha 4651, 40 m3/ha 5509,67 m3/ha 

Fuente propia   

Como primera observación, el suelo hidropónico de sus-
trato de fibra de coco necesita más agua que el tradicio-
nal, ya que el tradicional puede mantener la humedad 
mejor. Este aspecto contradice al párrafo 6 del marco 
teórico. Tras recoger los datos, hemos podido ver que 
esto se debe a que el cultivo del sustrato está en un 
saco cerrado, por lo que, si no está constantemente hú-
medo, la planta se muere porque sus raíces no tienen 
agua. En cambio, en el suelo tradicional las raíces de las 
plantas están en contacto con el agua, ya que, aunque 
no se rieguen constantemente, la raíz tiene espacio y 
profundidad suficiente para moverse y recoger agua. A 
pesar de que el suelo hidropónico de sustrato de fibra 
de coco necesite más agua, gracias a su gran retención 
de agua en las raíces previene que ésta se escape hacia 
aguas subterráneas, lo que puede evitar en mayor me-
dida la contaminación de acuíferos. Por la sostenibilidad 
de la Agenda 2030, podemos partir de la idea de que 
el suelo tradicional es más apto, ya que, a pesar de no 
retener el agua, requiere un menor uso.  
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CONCLUSIÓN Y ANÁLISIS  
Atendiendo a este plan de sostenibilidad de la Agenda 
2030, podemos llegar a la conclusión de que el suelo de 
sustrato de fibra de coco es más sostenible. Llegamos a 
esta conclusión debido a varios factores. En primer lugar, 
el suelo hidropónico, a pesar de usar mayor cantidad de 
agua, requiere un menor uso de plaguicidas, evitando la 
contaminación. Además, gracias al carácter retenedor de 
la fibra de coco, el agua que se pueda contaminar caería 
en menor medida hacia aguas subterráneas, lo que nos 
permite deducir que el agua de uso doméstico no se verá 
tan contaminada como en el suelo tradicional, donde 
todo el agua utilizada para el riego va hacia las subte-
rráneas. Por otro lado, el uso de los plaguicidas es me-
nor en el suelo de sustrato, gracias a que es un material 
que mantiene protegidas las raíces de las plantas para 
su crecimiento. Por último, es cierto que los fertilizantes 
son mayores, ya que todos los nutrientes se deben ad-
ministrar artificialmente, pero, al mantener el agua de 
riego fuera de contacto con el agua cotidiana, se evitará 
la contaminación de muchas cantidades de agua. Asimis-
mo, en esta empresa toda el agua utilizada para el suelo 
hidropónico es reutilizada, ya que se recoge mediante tu-
berías que devuelven el agua con nutrientes a una balsa 
donde se trata para poder volver a usarla en el riego. Esto 
le diferencia del suelo tradicional donde el agua cae hacia 
los acuíferos y no es reutilizable.  

En conclusión, si atendemos a la sostenibilidad agraria 
local de Almería, podemos determinar que si la mayo-
ría de los agricultores utilizarán un suelo hidropónico 
de sustrato de fibra de coco, el agua, que es el principal 
problema del Poniente Almeriense, tendrá una menor 
contaminación y un menor uso, ya que se puede ir re-
ciclando constantemente. Esto evitará que haya mayor 
escasez de agua en un futuro y que podamos mantener 
una producción más sostenible, por lo que podrá ralen-
tizarse el gran problema que afecta a día de hoy a los 
locales, y a mi empresa familiar en particular .  

Por ello, nuestro estudio resuelve la duda plateada al 
inicio de la investigación. El suelo hidropónico de sustra-
to de fibra de coco es más sostenible medioambiental y 
económicamente, según la Agenda 2030. Se refuerza la 
conclusión de los estudios preliminares planteados por 
la Universidad de Ingeniería Industrial de las Américas 
de Ecuador (Vanessa, 2021) y apoya el consejo del Ins-
tituto Tecnológico y de Estudios Superiores de Monte-
rrey, México (Ceja, 2011).  

Gráficas 1, 2, 3: Comparación de la media del de consumo de 
agua m3/ha, fertilizantes kg/ha y g/l de plaguicidas en los suelos 
de las dos campañas.  

 
 

Por último, gracias a estas gráficas, podemos ver la di-
ferencia entre los usos de las distintas variables encon-
tradas. En la Gráfica 1 se usó un 14,4% más de agua en 
el suelo hidropónico de sustrato de fibra de coco, calcu-
lado según la media de los suelos en ambas campañas. 
Por otro lado, en la Gráfica 2 vemos que el consumo de 
fertilizantes es un 14,0% mayor en el suelo hidropónico 
que en el tradicional. Por último, atendiendo a la Gráfica 
3, podemos calcular el cambio de porcentaje de ambas 
campañas. En la campaña 2021-2022 hubo un 38,8% 
menos de uso de plaguicidas en el suelo de sustrato de 
fibra de coco; mientras que en la campaña 2022-2023 
era de 37,5% menos.  
 
Una vez realizado nuestro primer análisis sobre la sos-
tenibilidad medioambiental, podemos comenzar con la 
segunda parte del análisis comparativo, centrada en la 
sostenibilidad económica de la producción de los cul-
tivos.

Tabla 6: Cantidad de Kg/ha de Capsicum annuum efectivos de 
producción en cada tipo de suelo de cultivo, por campaña  

TIPO DE SUELO DE 
CULTIVO 

KG/HA EN LA 
CAMPAÑA 
2021-2022 

KG/HA EN LA 
CAMPAÑA  
2022-2023 

𝒙 

Suelo tradicional 85.200 kg/ha 89.700 kg/ha 87.450 kg/ha 

Suelo hidropónico 
de  sustrato de fibra 

de coco 
91.800 kg/ha 97.400 kg/ha 94.600 kg/ha 

Fuente propia   

	
En la Tabla 6 podemos observar como la media de pro-
ducción de pimiento Capsicum annuum fue más efec-
tiva en el suelo de sustrato de fibra de coco que en 
el suelo tradicional. Esto nos hace ver que el nivel de 
consumo responsable de alimentos será mayor en este 
suelo, ya que ha producido mayor beneficio alimentario. 
Además, con la ayuda de la empresa, pudimos contro-
lar los precios de la venta de pimientos durante las dos 
campañas. Los precios no dependían del tipo de suelo, 
ya que la verdura cultivada es la misma. En la campaña 
2021-2022 el precio era 0,86€, mientras que en la cam-
paña 2022-2023 fue 1,21€. Sabiendo esto, podemos con-
cluir que económicamente se obtuvo más beneficio con 
la producción de pimientos en los invernaderos de suelo 
hidropónico.  

 

"Gracias al carácter retenedor de la fibra de coco, el agua que 
se pueda contaminar caería en menor medida hacia aguas 
subterráneas, lo que nos permite deducir que el agua de 
uso doméstico no se verá tan contaminada como en el suelo 
tradicional, donde todo el agua utilizada para el riego va hacia las 
subterráneas".
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INTRODUCCIÓN
Durante una charla en mi instituto de un catedrático 
de la Universidad de Vigo sobre nanopartículas me pa-
reció interesante las numerosas aplicaciones que po-
seían, sobre todo, en la industria química, ya que está 
muy relacionado con los estudios universitarios que 
quiero hacer. Por ejemplo, las nanopartículas de plati-
no están siendo utilizadas como catalizadores en pilas 
de combustibles o en la oxidación de alcoholes y CO 
(Narayan et al., 2019). Además, este mismo año el pre-
mio Nobel de Química fue otorgado a Bawendi, Brus y 
Ekimov por el descubrimiento de los puntos cuánticos 
(BBC News Mundo, 2023), que supone una revolución 
en la nanotecnología al permitir la iluminación de mo-
nitores o de luces LED y el mapeo de tejidos biológicos 
(Royal Swedish Academy of Sciences, 2023). Por tanto, 
tuve claro que centraría mi monografía en este tema. 

La infinidad de usos de las nanopartículas se debe a 
que sus propiedades cambian según su forma o ta-
maño, que se puede controlar a través de su sínte-
sis (Vinci & Rapa, 2019). Las más empleadas son las 
constituidas por metales nobles (Au, Ag, Pt) por su 
gran estabilidad y versatilidad (Vinci & Rapa, 2019). Al 

ser una disciplina que aún está en desarrollo, la sos-
tenibilidad es un concepto especialmente importante, 
pues se busca sintetizar nanopartículas de manera 
sostenible y no contaminante. 

Por estas razones decidí sintetizar nanopartículas 
de plata empleando como precursor nitrato de plata 
(Cruz et al., 2012) (Piñero et al., 2017) y, como reduc-
tores, citrato de sodio (Yerragopu et al., 2020) (Arif 
et al., 2021) y ácido ascórbico (Malassis et al., 2016) 
(Abdussalam-Mohammed et al., 2022), dos opciones 
menos tóxicas y contaminantes que el NaBH4 (Bar-
celó Estevan, 2021), que es el más común. Además, 
estudiaré cómo el cambio de la temperatura y el 
tiempo de agitación durante la síntesis afectarán al 
tamaño y velocidad de las nanopartículas.

Así llegué a mi pregunta: ¿Cómo influye el agente 
reductor (ácido ascórbico, citrato de sodio, ácido as-
córbico-citrato de sodio), la temperatura (25°C, 35°C, 
55°C, 75°C, 85°C) y el tiempo de agitación (0, 5, 10, 15, 
20 min) en el tamaño y en la velocidad de síntesis de 
las nanopartículas de plata obtenidas mediante el uso 
del método coloidal?

Efecto del agente reductor, 
temperatura y tiempo de agitación 

en el tamaño y en la velocidad 
de síntesis de las nanopartículas 

de platas sintetizadas a partir del 
método coloidal

¿Cómo influye el agente reductor (ácido ascórbico, citrato de sodio, ácido ascórbico-
citrato de sodio), la temperatura (25°C, 35°C, 55°C, 75°C, 85°C) y el tiempo de 
agitación (0, 5, 10, 15, 20 min) en el tamaño y en la velocidad de síntesis de las 

nanopartículas de plata obtenidas mediante el uso del método coloidal?

Miguel Búa
SEK-Atlántico
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(Rafferty, 2023). De esta manera, podemos determinar 
la concentración en base a la absorbancia (Yerragopu 
et al., 2020). 

A = e . l. C

Ecuación 1. Ley de Lambert-Beer, donde la A es la absorbancia, la e es 
el coeficiente de extinción molar (constante), la l es longitud de celda 
que debe atravesar la onda y la C es la concentración de la sustancia 
que absorbe. 

Existen diferentes métodos de síntesis de nanopar-
tículas que se clasifican en ascendentes (consisten en 
la acumulación de átomos individuales (Mitchell, 2018) 
hasta conseguir nanopartículas) o descendentes (se 
aplican prácticas destructivas para transformar una 
molécula más grande en nanopartículas) (Khan, 2019). 
Asimismo, se pueden clasificar según su naturaleza 
en físicos, químicos e, incluso, biológicos (Khan, 2019). 
Dentro de los químicos el más empleado es el método 
coloidal, donde se producen coloides de tamaño mayor 
a las dimensiones atómicas, pero inferiores a 100 nm 
(Conde Rueda, 2013). 

El método coloidal es un método descendente que ne-
cesita un precursor, un reductor y un agente estabili-
zante (Martínez, 2013). El precursor es una sal metáli-
ca, en mi caso nitrato de plata, que se reduce gracias 
al agente reductor que cede electrones a los cationes 
Ag+ formándose plata metálica, centro de nucleación 
para el crecimiento del coloide (Mitchell, 2018). En este 
momento, como se visualiza en la Figura 4, empieza la 
formación del coloide, mediante dos procesos: nuclea-
ción y crecimiento. En la nucleación dos o más átomos 
chocan y se unen formando un núcleo (Barceló Estevan, 
2021) requiriendo altas energías de activación (Oroz, 
2009). Después sucede el crecimiento, la unión de di-
ferentes núcleos para formar la nanopartícula (Barceló 
Estevan, 2021), proceso de baja energía de activación 
(Oroz, 2009). Sin embargo, las partículas en disolución 
tienden a aglomerarse debido a las fuerzas de Van der 

Walls, por ello se utilizan agentes estabilizantes que 
interaccionan con los átomos metálicos impidiendo su 
aglomeración y frenando su crecimiento (Doña, 2020) 
(Barceló Estevan, 2021). 

El mecanismo de formación de la nanopartícula es rele-
vante, pues las velocidades relativas de estos procesos 
condicionan la morfología y tamaño de las nanopartícu-
las (Oroz, 2009), que serán afectados por los paráme-
tros de la reacción (temperatura, concentración, pH…), 
por lo que es interesante controlarlos. En este caso me 
centraré en: 
•	 Temperatura. Existe información contradictoria so-

bre su influencia en la síntesis. Por un lado, se en-
contró que la temperatura afecta a la nucleación de 
los átomos de plata, modificando el mecanismo de la 
agregación, su cinética y el movimiento de las partícu-
las (Piñero et al., 2017), resultando en nanopartículas 
más pequeñas (Barceló Estevan, 2021). Pero también 
se plantea que las temperaturas elevadas permiten 
un mayor crecimiento de la nanopartícula y, además. 
la nucleación es mucho más rápida y se producen un 
gran número de núcleos, lo que permite que las na-
nopartículas crezcan homogéneamente y, por tanto, 
sean monodispersas (Sánchez, 2017). Asimismo, tam-
bién hay que tener en cuenta que cada reductor nece-
sita una temperatura mínima para empezar a reaccio-
nar, como es el caso del citrato de sodio que necesita 
temperaturas elevadas (Sánchez, 2017). 

MARCO TEÓRICO 
Una nanopartícula es una partícula de tamaño inferior a 
los 100 nm (Khan et al., 2017), con propiedades diferen-
tes respecto a sus partículas de mayor tamaño o mate-
riales a granel a partir de los que se sintetizaron (Mah-
dieh et al, 2012). Las nanopartículas basadas en metales 
nobles tienen muchas aplicaciones en medicina, como 
en la administración de fármacos o el tratamiento de 
enfermedades como el cáncer (Rai et al., 2015). Depen-
diendo de la aplicación deseada, es esencial controlar la 
forma y tamaño de las nanopartículas. Por ejemplo, en 
un estudio se comprobó que las nanopartículas de pla-
ta esféricas de menor tamaño eran más eficaces como 
agentes antimicrobianos contra la E.coli respecto a sus 
análogos triangulares y a otras nanopartículas esféricas 
de mayor tamaño (Raza et al., 2016).

Algunas de las propiedades afectadas por tamaño o for-
ma son la conductividad eléctrica y térmica, el magne-
tismo, y las propiedades catalíticas u ópticas (Joudeh & 
Linke, 2022). Las propiedades ópticas, es decir sus cam-
bios de color, son especialmente llamativas. Esto se debe 
a que cuando una nanopartícula tiene un tamaño mucho 
menor a la longitud de onda de la radiación incidente, su 
nube electrónica puede interaccionar con el campo eléc-
trico de la onda y moverse en función de este (Cruz et al., 
2012). Ejemplificando, en el caso de las nanopartículas de 
plata se produce este fenómeno entre los 350-400 nm y 
en el oro entre los 450-600 nm (Barceló Estevan, 2021). 
De esta manera, cuando la nanopartícula se encuentra en 
una cresta, la nube electrónica se aleja del máximo (mo-
viéndose hacia abajo), mientras que si se encuentra en 
un valle sucede lo contrario (Martínez et al, 2015) (Adria 
Pérez Calm [MaterDex], 2020). Por tanto, según se pro-
paga la luz, la nube electrónica es capaz de oscilar a me-
dida que se suceden los máximos y los mínimos, tal como 
muestra la Figura 1. La vibración colectiva de electrones 
se conoce como plasmón, siendo este fenómeno la reso-
nancia plasmónica superficial.

Para poder vibrar, la nanopartícula absorbe de la onda 
la radiación de la longitud necesaria para dicha vibra-
ción, emitiendo todas las demás longitudes, por lo que 
vemos el color complementario al de la luz absorbida 
(Figura 2). Si se modifica el tamaño de la nanopartícula, 
también cambiará la longitud de onda con la que inte-
racciona y, en consecuencia, el color observado. Por ello, 
cada tamaño de nanopartícula lleva asociado un color, 
como muestra la Figura 3 (Lira & Oliver, 2018).	

Por tanto, es posible determinar el tamaño aproxima-
do de las nanopartículas analizando la longitud de onda 
de máxima absorción en su espectro de absorción ob-
tenido a través de un espectrofotómetro. Su funciona-
miento se basa en la ley de Lambert-Beer, relación em-
pírica que establece que la absorbancia -fracción de la 
luz incidente absorbida por la disolución (UPV & García 
Martínez, 2020)- es directamente proporcional a la con-
centración del compuesto que la absorbe (Ecuación 1) 

 [1]

Figura 1. Representación de cómo se produce el movimiento de la 
nube electrónica en una nanopartícula (que es contrario al campo 
eléctrico).

Figura 2. Circulo cromático y sus respectivas longitudes de onda.

Figura 3. Color de nanopartículas de diferentes elementos, 
formas y tamaños en disolución. Autoría: (Lira & Oliver, 2018). Las 
nanopartículas amarillas son aquellas de menor diámetro, mientras 
que las azules son las más grandes.

Figura 4. Mecanismo para la formación de nanopartículas de plata 
dividido en sus diferentes etapas (exceptuando el proceso de 
protección. Autoría: (Oroz, 2009).
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"Las propiedades ópticas, es 
decir sus cambios de color, 
son especialmente llamativas. 
Esto se debe a que cuando una 
nanopartícula tiene un tamaño 
mucho menor a la longitud de 
onda de la radiación incidente, 
su nube electrónica puede 
interaccionar con el campo 
eléctrico de la onda y moverse 
en función de este  
(Cruz et al., 2012)". 
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CONSIDERACIONES DE SEGURIDAD, 
ÉTICAS Y MEDIOAMBIENTALES 
Emplearé guantes en todo el proceso debido a que el 
nitrato de plata provoca irritación en la piel (Carl-Roth, 
2022). 

El citrato de sodio y el ácido ascórbico no son peligrosos 
para el medioambiente, pero el nitrato de plata es perju-
dicial para los ecosistemas acuáticos con efecto nocivo 
duradero (Carl-Roth, 2022). Además, las nanopartículas 
de plata pueden tener efectos adversos al entrar en el 
organismo de humanos y animales (Ávalos et al., 2013) 
y sobre el medioambiente (por ejemplo, pueden afectar 
a las bacterias nitrificantes, plantas y algas) (Villamor, 
2020). Por ello, se almacenarán en un bidón todos los 
residuos para ser tratados por una empresa especiali-
zada.

En este caso no hay consideraciones éticas.

MATERIALES Y REACTIVOS

Tabla 2. Tabla con los materiales y reactivos utilizados durante 
la experimentación y toma de datos.

Materiales Reactivos

Balanza de precisión (�0,001g)

Nitrato de plata, AgNO3, 99,9%Probeta (50,0�0,5 cm3 y 
100,0�0,5 cm3)

Vasos de precipitados (250 cm3)

Pipeta Pasteur

Citrato de sodio, Na3C6H507, 99%Pipeta graduada (10,00 �0,05cm3)

Matraz aforado (500,00�0,25cm3 
y 100,00�0,10 cm3)

Baño termostático

Ácido ascórbico, 99%Termómetro (0,5ºC)

Placa agitadora

Soporte, pinza y nuez

Agua destiladaEspectrómetro PASCO PS-2660-A

Cubetas para espectrofotometría

PROCEDIMIENTO EXPERIMENTAL
Para sintetizar las nanopartículas me basé en (Yerra-
gopu et  al., 2020) incluyendo modificaciones, como 
emplear dos reductores, calentar precursor y reductor 
en el baño termostático hasta la temperatura deseada, 
usando posteriormente la placa para agitar y mantener 
la temperatura constante, o la adaptación de los tiem-
pos de agitación.

a. Preparación de los reactivos 
Disolución de AgNO3
En un vaso de precipitados se disuelven en agua desti-
lada 0,127�0,001g de AgNO3. Seguidamente se trasvasa 
a un matraz aforado y se enrasa a un volumen final de 
500,00�0,25 cm3. Por último, se almacena la disolución 
en un matraz Erlenmeyer y se envuelve en papel de alu-
minio para evitar la exposición a la luz directa, ya que 
provoca la precipitación de la plata (Carl-Roth, 2022)

Disoluciones de TSC y AA
Para la disolución de TSC se siguen los mismos pasos, 
pero disolviendo 1,500�0,001g de citrato de sodio y el 
volumen final fue 100,00�0,10 cm3. 

Para el ácido ascórbico primero se disolvieron 
0,2640,001g llevando a un volumen final de 100,00�0,10 
cm3. Seguidamente, se diluyeron 10,00�0,05 cm3 de 
esta disolución, medidos con pipeta graduada, en un 
matraz aforado de 100,00�0,10 cm3

.

b. Síntesis de nanopartículas
Se introducen en un baño termostático dos vasos de 
precipitados: uno con 50,0±0,5cm3 de la disolución 
de nitrato de plata, medidos con probeta y otro con 
6,25�0,05cm3 de la disolución de TSC, medidos con 
pipeta graduada. Cuando las disoluciones alcancen la 
temperatura deseada, se coloca el vaso con nitrato so-
bre una placa agitadora y se introduce una barra mag-
nética y un termómetro para controlar que la tempe-
ratura permanezca estable. Se conecta la agitación al 
máximo y se añade, gota a gota con pipeta Pasteur, los 
6,25�0,05cm3 de la disolución de TSC. 

Una vez añadido el TSC se detiene la agitación y se vier-
te un poco de la disolución en un bote de muestra. A 
continuación, se vuelve a encender la agitación y duran-
te 20 minutos se toman muestras cada 5 minutos. Los 

•	 Tipo de reductor. Puede afectar al tamaño de las 
nanopartículas (Conde Rueda, 2013) pues suelen ser 
menores cuanto mayor es el poder reductor (Sán-
chez, 2017). El más empleado con la plata es el boro-
hidruro sódico, bastante tóxico y perjudicial para el 
medioambiente (Carl-Roth, 2022), razón por la que 
utilizaré citrato de sodio (Na3C6H5O7) y ácido ascór-
bico (C6H8O6), para realizar una práctica más verde. 
Ambos son reductores “moderados” con potenciales 
estándar de reducción de -0,180 V (Sánchez, 2017) y 
-0,127 V (Jiménez, 1972) respectivamente, por lo que 
se esperará que las nanopartículas con TSC sean lige-
ramente más pequeñas que las de AA. Además, no 
necesitan agente estabilizante porque cumplen una 
doble funcionalidad de reducción y control de creci-
miento.

•	 Tiempo de agitación. Tiene que ser el necesario 
para que los núcleos puedan unirse y formar las na-
nopartículas, pero no excesivo para evitar la precipi-
tación del coloide (Arif et al., 2021). Generalmente, 
cuanto mayor sea el tiempo de reacción, mayor será 
el tamaño y la absorbancia de las nanopartículas (Ba-
lavandy et al., 2014) (Yerragopu et al., 2020) (Barceló 
Estevan, 2021). 

VARIABLES
 Variable independiente: 
•	 Tipo de reductor. Se usarán citrato de sodio (TSC) y 

ácido ascórbico (AA) individualmente y ambos simul-
táneamente.

•	 Temperatura. Se utilizarán temperaturas de 25ºC, 
35ºC, 55ºC, 75ºC y 85ºC, rango escogido en base a 
los resultados para TSC y AA de (Piñero, 2017)

•	 Tiempo de agitación. Se agitará durante 20 min 
muestreando cada 5 min (0, 5,10,15 y 20 min). El rango 
de tiempos fue modificado (Yerragopu et al., 2020) 
para que se pudiera economizar. 

Variable dependiente:
•	 Tamaño. Se utilizará un espectrofotómetro UV-VIS 

para determinar la longitud de máxima absorción y, 
con ella, el tamaño de las nanopartículas.

•	 Velocidad. Se calculará mediante la variación de la 
absorbancia de la disolución con el tiempo, registrada 
también con el espectrofotómetro UV-VIS.

Variable control:
Tabla 1. Variables control en este experimento, por qué se 
controlan y cómo se controlarán.

VARIABLE 
CONTROL ¿POR QUÉ LA CONTROLO? ¿CÓMO LA CONTROLO?

Tipo de 
disolvente

El medio en el que se sin-
tetizan las partículas pue-
de afectar a la estabilidad 
y a la agregación del co-
loide, ya que las partículas 
del medio interaccionan 
con los ligandos formados 
por el agente estabilizan-
te (Liu et al., 2016)

Se utilizará agua des-
tilada para preparar 
todas las disoluciones 
usadas

Concentración 
del precursor

Concentraciones altas 
favorecen la nucleación, 
causando una disminu-
ción del tamaño y número 
de nanopartículas (Barce-
ló Estevan, 2021)

Todas las disolucio-
nes tendrán [AgNO3]= 
1,5·10-3 mol·dm-3

Concentración 
del reductor

Influye en la velocidad de 
reacción: cuanto mayor 
es la concentración de 
reductor mayor es la ve-
locidad de reacción (Gha-
zali et al., 2014), por lo 
que los iones de plata se 
consumen más rápido y, 
por tanto, el crecimiento 
de las partículas es menor 
(Ghazali et al., 2014)

[TSC]=5,1·10-2 mol·dm-3 

(Yerragopu et al., 
2020)

[AA]= 1,5·10-3 mol·dm-3 
(Piñero et  al., 2017). 
Se triplicó respecto a 
la referencia porque 
apenas producía na-
nopartículas (tampo-
co fueron viables las 
pruebas donde empleé 
la misma concentra-
ción de ambos)

Velocidad de 
agitación

Influye en la cantidad de 
energía que es suminis-
trada a las nanopartículas, 
cuanto mayor es la veloci-
dad de agitación mayor es 
la energía suministrada y 
por tanto menor es el ta-
maño de la nanopartícula 
(Ortiz-Godoy, 2021)

Se mantendrá la agita-
ción de la placa agita-
dora siempre al máxi-
mo (rpm)

"El método coloidal es un 
método descendente que 
necesita un precursor, 
un reductor y un agente 
estabilizante".
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1. Influencia en la concentración y velocidad de síntesis 
La Tabla 5 recoge la absorbancia de cada muestra registrada a la longitud de onda de máxima absorción obtenida a los 
20 minutos para cada reductor y temperatura. De esta forma, asumo que mi producto final son las nanopartículas de 
ese tamaño para poder calcular la velocidad de reacción. 

Tabla 5. Datos brutos de las absorbancias registradas a la longitud de onda de máxima absorción a los 20 minutos para cada reductor, 
temperatura y tiempo de agitación (R: repetición y  : media). 

TEMPERATURA 
(�0,5°C)

TIEMPO

(�0,01 
MIN) 

AGENTE REDUCTOR

AA TSC AA:TSC

ABSORBANCIA (�0,001)

R1 R2 R3 R1 R2 R3 R1 R2 R3

25,0

0,00 0,421 0,133 0,602 0,385 0,074 0,027 0,174 0,092 0,304 0,275 0,203 0,261

5,00 0,073 0,175 0,245 0,164 0,077 0,092 0,193 0,121 0,293 0,301 0,214 0,269

10,00 0,122 0,822 0,263 0,402 0,078 0,118 0,346 0,181 0,342 0,225 0,210 0,259

15,00 0,783 0,251 0,271 0,435 0,084 0,248 0,267 0,200 0,367 0,309 0,323 0,333

20,00 2,109 0,219 0,253 0,860 0,089 0,216 0,214 0,173 0,415 0,364 0,346 0,375

35,0

0,00 0,210 1,435 0,044 0,563 0,197 0,149 0,150 0,165 0,574 0,543 0,556 0,558

5,00 0,235 1,452 0,096 0,594 0,236 0,120 0,124 0,160 0,555 0,596 0,544 0,565

10,00 0,339 1,451 0,124 0,638 0,330 0,127 0,132 0,196 0,571 0,607 0,564 0,581

15,00 0,321 1,458 0,343 0,707 0,322 0,099 0,103 0,175 0,575 0,609 0,572 0,585

20,00 1,629 1,488 0,328 1,148 1,786 0,136 0,135 0,686 0,622 0,636 0,614 0,624

55,0

0,00 0,463 0,797 0,217 0,492 0,286 0,472 0,785 0,514 0,504 1,010 0,544 0,686

5,00 0,544 0,884 0,297 0,575 0,346 0,148 0,134 0,209 0,553 0,486 0,740 0,593

10,00 0,622 0,895 0,282 0,600 0,250 0,089 0,081 0,140 0,524 0,532 0,713 0,590

15,00 0,675 0,899 0,578 0,717 0,685 0,080 0,080 0,282 0,575 0,631 0,723 0,643

20,00 0,723 0,919 0,726 0,789 2,595 0,106 0,122 0,941 0,569 0,849 0,783 0,734

75,0

0,00 0,142 0,843 0,211 0,399 0,176 0,160 0,162 0,166 0,570 0,346 0,465 0,460

5,00 0,454 1,126 0,308 0,629 0,047 0,206 0,215 0,156 0,774 0,674 0,875 0,774

10,00 0,147 1,156 0,298 0,534 0,122 0,135 0,395 0,217 1,312 1,459 1,246 1,339

15,00 0,236 1,243 0,608 0,696 0,873 0,490 0,391 0,585 1,888 1,873 1,736 1,832

20,00 0,227 1,083 0,886 0,732 0,952 0,698 0,402 0,684 2,289 2,453 2,145 2,296

85,0

0,00 0,115 0,318 0,243 0,225 0,262 0,180 1,402 0,615 0,337 0,365 0,354 0,352

5,00 0,122 0,344 0,223 0,230 0,299 1,437 0,172 0,636 0,527 0,550 0,562 0,546

10,00 0,189 0,351 0,258 0,266 0,412 1,828 1,735 1,325 1,062 1,179 1,159 1,133

15,00 0,299 0,373 0,306 0,326 1,442 2,002 2,143 1,862 1,554 1,702 1,223 1,493

20,00 0,256 0,294 0,284 0,278 2,040 2,026 2,135 2,067 1,673 1,832 1,722 1,742

botes se enfriarán a temperatura ambiente y se almace-
nan en el refrigerador a 4ºC.

Se repite el procedimiento para todas las temperatu-
ras sustituyendo TSC por AA y con la mezcla de TSC: 
AA, usando en este último caso el doble de volumen de 
precursor, 100,00cm3 de AgNO3, y 6,25cm3 de cada re-
ductor para mantener así constantes las proporciones 
usadas. 

c. Obtención de los espectros de absorción
Se introduce cada una de las muestras en una cubeta 
y se registra su espectro de absorción con el espectró-
metro de PASCO, previamente calibrado con agua des-
tilada.

Para identificar las muestras se utilizó este esquema: X 
(Reductor) TY (Tiempo de agitación) Z°C (Temperatura 
utilizada) RW (Número de la repetición). Por tanto, la 
muestra que estuvo 10 min agitándose de la 1ª repe-
tición usando TSC y AA a 35º C, sería: TSC: AA T10 35º 
C R1. En la Figura 4 se detalla el proceso de las repeti-
ciones usando 8a que la temperatura es mayor (para el 
caso TSC). 

Para analizar mejor la influencia de la temperatura, la 
Figura 8 muestra la longitud media para cada tempera-
tura a los 20 minutos de agitación:

Figura 8. Representación la longitud de onda de máxima absorción 
(tamaño) a los 20 min para cada temperatura.

La gráfica muestra para TSC un tamaño entre 440-
450nm y para AA:TSC sobre 425-430nm, obteniéndose 
una recta prácticamente horizontal, ya que el rango de 
oscilación se encuentra dentro del rango de incertidum-
bres de la longitud media (entendida como el semirran-
go entre repeticiones). 

Sin embargo, AA muestra una correlación negativa en-
tre tamaño y temperatura, ajustándose los puntos a 
una tendencia logarítmica (R2 próximo a la unidad). Esto 
indica que el tamaño va disminuyendo a medida que la 
temperatura, siendo esta disminución más brusca ini-
cialmente paro luego estabilizarse a partir de los 55ºC. 
Además, las nanopartículas con AA tienen un tamaño 
intermedio a las de TSC y TSC:AA siendo más parecidas 
a las primeras a temperaturas bajas y a las segundas a 
altas. 

"Para sintetizar las 
nanopartículas me basé 
en (Yerragopu et al., 2020) 
incluyendo modificaciones, 
como emplear dos reductores, 
calentar precursor y reductor 
en el baño termostático hasta 
la temperatura deseada, 
usando posteriormente la 
placa para agitar y mantener 
la temperatura constante, o la 
adaptación de los tiempos de 
agitación".
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Tabla 6. Velocidad promedio para cada reductor a las distintas 
temperaturas.

REDUCTOR TEMPERATURA
(°C/�0,5°C)

VELOCIDAD
(MIN-1)

AA

25,0 0,0271

35,0 0,0106

55,0 0,0142

75,0 0,0067

85,0 0,0079

TSC

25,0 0,0079

35,0 0,0018

55,0 0,0073

75,0 0,0429

85,0 0,1226

TSC:AA

25,0 0,0064

35,0 0,0030

55,0 0,0050

75,0 0,1058

85,0 0,0947

Se observa que los datos se ajustan a una línea de 
tendencia exponencial pero solo con un coeficiente de 
determinación alto para el TSC. Sin embargo, si elimi-
namos la velocidad a 35ºC para el AA y el de TSC:AA a 
85ºC los R2 mejoran considerablemente. El dato de 35ºC 
probablemente sea un dato anómalo, pero el de TSC:AA 
a esa temperatura tan alta puede ser debido a la degra-
dación térmica del AA en la mezcla. 

Por tanto, la Figura 10 permite concluir que la velocidad 
aumenta exponencialmente con la temperatura para 
TSC y para TSC:AA hasta 75ºC, con valores de veloci-
dad bastante similares, mientras que la velocidad con 
AA disminuye exponencialmente con la temperatura, 
probablemente a causa de su degradación. 

Finalmente, comparando la velocidad a la misma tem-
peratura para cada reductor, a temperaturas bajas (25 
y 35ºC) el AA proporciona velocidades más altas, a 
temperatura moderada (55ºC) son similares, a 75ºC con 
TSC:AA la síntesis es más rápida, pero a partir de 80ºC 
el TSC es la mejor opción. 

Figura 10. Representación gráfica de la velocidad de reacción 
promedio con la temperatura para los diferentes reductores con líneas 
de tendencia con todos los datos (arriba) y sin tener en cuenta los 
datos anómalos (abajo).

"La absorbancia aumenta 
paulatinamente en los primeros 
instantes y se dispara al final de la 
reacción. Podría deberse a que al 
principio predomina la nucleación 
frente al crecimiento, por lo que la 
concentración de la nanopartícula 
con el tamaño deseado es baja, pero 
con el tiempo los núcleos pueden 
agregarse y estabilizarse dando lugar 
a una mayor concentración".

En general, se observa que para un mismo reductor, el 
tiempo de agitación produce un aumento en la absor-
bancia a todas las temperaturas, pero este incremen-
to depende del reductor. Por ejemplo, a 85º C con AA 
en los 20 minutos la absorbancia apenas aumenta (de 
0,225 a 0,278), siendo el aumento más considerable con 
TSC:AA (de 0,352 a 1,742) o con TSC (de 0,615 a 2,067). 

Figura 9. Representación gráfica de absorbancia frente a tiempo de 
agitación para cada temperatura para TSC (arriba), AA (medio) y 
mezcla (abajo). 

La Figura 9 muestra que todos los casos la absorbancia 
aumenta con el tiempo con una tendencia que podría-
mos considerar exponencial, pese a que R2 no sea es-
pecialmente elevado en algunos casos (especialmente 
a bajas temperaturas o cuando la absorbancia es baja y 
no varía excesivamente). Este tipo de correlación sugie-
re que la absorbancia aumenta paulatinamente en los 
primeros instantes y se dispara al final de la reacción. 
Podría deberse a que al principio predomina la nuclea-
ción frente al crecimiento, por lo que la concentración 
de la nanopartícula con el tamaño deseado es baja, pero 
con el tiempo los núcleos pueden agregarse y estabili-
zarse dando lugar a una mayor concentración. 

Con TSC claramente está favorecida la temperatura más 
alta, la de 85ºC, observándose un aumento lineal de la 
concentración con el tiempo mucho más pronunciado 
que a las demás temperaturas, donde las absorbancias 
no superan 0,500. Esto indica que las síntesis de na-
nopartículas con TSC está favorecida a temperaturas 
altas, lo que es coherente con las fuentes consultadas 
(Sánchez, 2017) (Yerragopu et al., 2020). Ocurre lo mis-
mo con TSC:AA, aunque el aumento significativo de la 
absorbancia con el tiempo se consigue ya a partir de los 
75ºC. 

En cuanto a AA un aumento de 25ºC a 35ºC parece fa-
vorecer el aumento de la absorbancia, pero a partir de 
los 55ºC empieza a descender, obteniéndose a 85ºC las 
absorbancias menores. Por tanto, se favorece la forma-
ción de nanopartículas a temperaturas bajas y modera-
das, lo que es acorde con las fuentes consultadas (Piñe-
ro et al., 2017). La razón a la que se puede deber es que 
el ácido ascórbico es sensible a la temperatura, ya que la 
temperatura provoca su degradación por lo que calen-
tar el medio supondría que la concentración de reductor 
disminuyera (Riera et al., 2022). 

Para analizarlo más claramente, sabiendo que el tiempo 
de agitación es equivalente al tiempo de reacción, voy a 
representar la velocidad promedio

 
 

frente a la temperatura empleando como intervalo de 
tiempo entre 5 y 15 minutos, pues en ese tiempo po-
demos considerar que la fase de crecimiento habrá co-
menzado, pero todavía no se ha estabilizado la reacción. 
Los datos se muestran en la Tabla 6 y se representan en 
la Figura 10. 

tiempo entre 5 y 15 minutos, pues en ese tiempo podemos considerar que la fase de 

crecimiento habrá comenzado, pero todavía no se ha estabilizado la reacción. Los datos se 

muestran en la Tabla 6 y se representan en la Figura 10.  

 

Se observa que los datos se ajustan a 

una línea de tendencia exponencial 

pero solo con un coeficiente de 

determinación alto para el TSC. Sin embargo, si eliminamos la velocidad a 35ºC para el AA 

y el de TSC:AA a 85ºC los R2 mejoran considerablemente. El dato de 35ºC probablemente 
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Tabla 6. Velocidad promedio para cada 
reductor a las dis?ntas temperaturas 

Reductor Temperatura 
(°C/ 0,5°C) Velocidad 

(min-1) 
AA 25,0 0,0271 
 35,0 0,0106 
 55,0 0,0142 
 75,0 0,0067 
 85,0 0,0079 
TSC 25,0 0,0079 
 35,0 0,0018 
 55,0 0,0073 
 75,0 0,0429 
 85,0 0,1226 
TSC:AA 25,0 0,0064 
 35,0 0,0030 
 55,0 0,0050 

±

 

  

Figura 10.  Representación gráfica de la velocidad de reacción promedio 
con la temperatura para los diferentes reductores con líneas de tendencia 
con todos los datos (arriba) y sin tener en cuenta los datos anómalos 
(abajo) 
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CONCLUSIONES Y EVALUACIÓN 
Después de interpretar los datos, puedo responder 
mi pregunta: ¿Cómo influye el agente reductor (ácido 
ascórbico, citrato de sodio, ácido ascórbico-citrato de 
sodio), la temperatura (25C°, 35°, 55C°, 75C°, 85C°) y el 
tiempo de agitación (0, 5, 10, 15, 20 min) en el tamaño 
y en la velocidad de síntesis de las nanopartículas de 
plata resultantes mediante el uso del método coloidal? 

En conclusión:
• El tamaño de las nanopartículas en la mayoría de los 
casos no se ve afectado por el tiempo de agitación, lo 
que se contradice con las fuentes (Balavandy et al., 2014). 
Aunque se observaron 2 casos particulares con el AA y el 
TSC:AA, para las otras temperaturas el tamaño permane-
cía inalterado. Contrariamente el TSC es el que muestra 
más resultados para la longitud de onda con la tempe-
ratura. No solo se vio que sí, que mostraba crecimiento 
en las nanopartículas con el tiempo, sino que también se 
pudo concluir que esta etapa era más rápida a tempera-
turas más altas. Por otro lado, el TSC permite sintetizar 
las nanopartículas más grandes y TSC:AA las menores, 
siendo el tamaño en los casos bastante estable con las 
variaciones térmicas. Por su parte, las nanopartículas con 
AA tienen un tamaño intermedio y van disminuyendo lo-
garítmicamente conforme aumenta la temperatura. 

Estas conclusiones no respaldan mi hipótesis, porque 
en mi caso el citrato tiene mayor poder reductor, pero 
origina nanopartículas más grandes oponiéndose a mi 
fuente (Sánchez, 2017). Sin embargo, el no haber em-
pleado estabilizantes pudo haber influido en el control 
del tamaño. 

La disminución del tamaño con la temperatura para AA 
puede explicarse por el aumento de la ratio de nuclea-
ción con la temperatura (Barceló Estevan, 2021) y, es-
pecialmente, por la descomposición del reductor (Riera 
et al., 2022). También es lógico que la mezcla dé lugar a 
las nanopartículas menores y más monodispersas, pues 
probablemente uno de los reactivos actúe como reduc-
tor y el otro como estabilizante. 

• La velocidad de reacción también mostró diferentes 
tendencias dependiendo del agente reductor empleado 
con la temperatura. En el caso del TSC y el TSC:AA, la 
velocidad aumentaba exponencialmente con la tem-
peratura, comenzando a disminuir a partir de los 85ºC 
para TSC:AA, mostrando velocidades de reacción muy 

parecidas a temperaturas bajas. Por el contrario, para 
AA la velocidad disminuye exponencialmente con la 
temperatura, probablemente de nuevo por su degra-
dación térmica (Riera et al. 2022). Por tanto, para con-
seguir velocidades más elevadas el mejor reductor a 
25ºC y 35ºC será el AA, a 55ºC serán similares, a 75ºC el 
TSC:AA y a 80ºC el TSC. Es coherente con los estudios 
de referencia, donde emplean altas temperaturas con el 
citrato (Sánchez, 2017) (Yerragopu et al., 2020).

Pese a haber podido contestar a mi pregunta de forma 
concluyente con el respaldo de los datos, esta experi-
mentación cuenta con limitaciones. La principal fue no 
haber podido medir la absorbancia en el momento en el 
que se obtuvo la muestra, por lo que tuve que guardarla 
en el frigorífico para tratar de reducir la reducción y el 
crecimiento del coloide. Aunque este error sistemático 
podría haber afectado a los valores obtenidos, no ten-
dría por qué afectar a la tendencia (aunque en el caso 
del AA es posible, pues el crecimiento aumentaba con 
las temperaturas bajas). Se podrían haber usado inter-
valos más largos para que tuviera tiempo para las medi-
ciones, pero tampoco sabía cuándo la reacción finaliza-
ría y si extendería mucho más el procedimiento.

Además, al adicionar  manualmente, gota a gota, el re-
ductor para que comience la reacción, no lo hice exacta-
mente siempre al mismo ritmo y puede afectar al tiem-
po que he considerado como inicial, pues la reacción ha 
podido comenzar antes de que terminase la adición. Po-
dría mejorarse habiendo hecho la adición por goteo de 
manera más mecánica (como una bureta con apertura 
idéntica de la llave en todas las ocasiones). 

 Asimismo, los reactivos fueron calentados previamente 
en el baño termostático, pero durante la reacción tuve 
que controlar la temperatura con la placa calefactora, 
produciéndose pequeñas fluctuaciones térmicas. Esto 
se podría solucionar si se dispusiera de un baño termos-
tatizado con agitación. 

Como posible ampliación, podría ser interesante estu-
diar la influencia de mis variables independientes sobre 
la forma de las nanopartículas o la estabilidad de es-
tas con el tiempo una vez sintetizadas. También utili-
zar otros agentes reductores o estabilizantes, inclusive 
reductores de origen natural (Mahdieh et al, 2012) que 
permitan reducir el uso de compuestos de elevada toxi-
cidad y dañinos para el medio ambiente.
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1. INTRODUCCIÓN 
Finlandia implementa políticas como el kit de ma-
ternidad y el permiso parental equitativo, ase-
gurando que todos los niños tengan acceso a los 
recursos necesarios para crecer y desarrollarse 
adecuadamente, sin importar el origen socioeco-
nómico de su familia. Este es un país que está im-
plementado medidas en su sociedad para ofrecer 
las mismas oportunidades desde el principio y eli-
minar las desigualdades que podrían surgir debido 
a circunstancias socioeconómicas desfavorables 
(BBC News Mundo, 2018).

Por otro lado, Suecia ha implementado una políti-
ca laboral que se centra en la activación. Esto sig-
nifica que ofrecen programas para entrenar a las 
personas desempleadas y brindarles oportunida-
des de trabajo. Al invertir en estos programas, el 
país está promoviendo la equidad al ayudar a los 
desempleados a obtener las habilidades que ne-
cesitan para poder llegar a conseguir un empleo y 
mantenerlo a largo plazo (Frame1, s. f.).

Gobiernos como estos abogan por la equidad en la 
construcción de una sociedad justa. Trabajan para 
eliminar las desigualdades existentes, ya que si no 
se abordan, pueden aumentar, generando obstá-
culos que impidan que ciertos grupos avancen y 

prosperen. Cuando se logra la equidad, se promue-
ve un crecimiento económico significativo, debido 
a que todos los individuos tienen la oportunidad 
de contribuir completamente al desarrollo social y 
económico.

Sin embargo, aunque podría parecer que la justicia 
es sinónimo de equidad, en la práctica a menudo 
nos enfrentamos a que estos conceptos son dis-
tantes e incluso contradictorios. Por lo tanto, esta 
diferencia resalta la complejidad del concepto de 
justicia y nos lleva a cuestionarnos qué significa 
realmente en nuestras sociedades. 

La justicia es un concepto moral que busca esta-
blecer un equilibrio en la distribución de bienes y 
males en una sociedad, tratando a las personas de 
manera imparcial y otorgándoles lo que les corres-
ponde según sus derechos y necesidades. En este 
sentido, la equidad es un principio fundamental 
que logra garantizar que todas las personas ten-
gan las mismas posibilidades de acceder a recur-
sos, bienes y oportunidades. Por eso es por lo que 
este enfoque nos resulta tan atractivo en la teoría, 
debido a que coloca a todos los seres humanos en 
un terreno de juego igualitario. Sin embargo, en 
la práctica, su implementación completa presenta 
desafíos que pueden llegar a romper el equilibro 
de la sociedad a largo plazo. 

La equidad 
en la construcción

de una sociedad
¿Hasta qué punto la equidad es fundamental  

para la construcción de una sociedad justa?
Discusión a partir de Una Teoría de la Justicia de John Rawls

Laia Trabal
SEK-Catalunya
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2.2 La idea principal de la teoría de la justicia
“Mi objetivo es presentar una concepción de la justicia 
que generalice y lleve a un superior nivel de abstracción 
la conocida teoría del contrato social” (Rawls, 1971, p. 
24). Es decir, el objetivo de la teoría de la justicia como 
imparcialidad es encontrar principios justos para orga-
nizar una sociedad de manera justa. Para entender esto, 
imaginemos que todas las personas se reúnen y hacen 
un acuerdo sobre cómo se deben distribuir los derechos, 
las responsabilidades básicas, así como las ventajas y 
beneficios en la sociedad. Esta reunión se ejerce desde 
una posición de igualdad, sin saber qué posición espe-
cífica ocuparemos en el futuro (velo de la ignorancia). 
A este escenario planteado inicial se le llama “posición 
original” (Rawls, 1971, pp. 24-33).

En él, se eligen dos principios fundamentales. El primero 
establece que todos los miembros de la sociedad deben 
tener los mismos derechos y responsabilidades básicas. 
El segundo principio dice que las desigualdades socia-
les y económicas están permitidas, siempre y cuando 
beneficien a todos, especialmente a aquellos que están 
en desventaja. Es decir, está bien que algunas perso-
nas tengan más que otras, pero solo si es para mejorar 
la situación de quienes tienen menos. Por tanto, si una 
sociedad sigue estos principios, podemos considerarla 
justa (Rawls, 1971, pp. 24-33).

Por ejemplo, la discriminación positiva en el empleo en 
Alemania es la preferencia automática otorgada a las 
mujeres en ciertos sectores (Aréchaga & Domínguez, 
1995). Aunque esto se considera discriminación por ra-
zón de sexo, Rawls argumentaría que se busca lograr 
que la sociedad sea más justa y equitativa mediante 
esta medida. 

Sin duda, ambos principios tienen una prioridad: las 
violaciones a las libertades básicas no pueden ser jus-
tificadas por supuestas ventajas sociales y económicas 
(Rawls,1971, pp. 67-72).

"En una sociedad justa, las libertades 
y derechos de igualdad ciudadana son 
fundamentales y no deben ser objeto de 
negociaciones políticas ni utilizarse como 
un mero medio para satisfacer intereses 
sociales".

2.3 Algunas observaciones acerca de la teoría moral
Además, Rawls presenta la teoría moral, que describe 
nuestra capacidad moral y nuestro sentido de justicia. 
Según él, nuestra capacidad de saber lo que es justo 
puede ser complicada, por lo que necesitamos princi-
pios y conceptos teóricos para llegar a comprenderla 
adecuadamente (Rawls, 1971, pp. 55-61).

Por ello, mediante sus observaciones introduce dos 
ideas importantes. Primero, menciona los “juicios ma-
duros”, que se conocen como decisiones que tomamos 
cuando pensamos claramente, sin influencias persona-
les. Estos juicios son más confiables y menos sesgados 
por nuestros intereses. Mientras, el segundo concepto 
es el “equilibrio reflexivo”. Esto significa que debemos 
considerar diferentes puntos de vista y reflexionar an-
tes de tomar decisiones morales. Al hacerlo, podremos 
tener una mejor comprensión de lo que es justo y tomar 
decisiones más efectivas y equitativas (Rawls, 1971, pp. 
55-61).

Por ejemplo, imaginemos un político que debe decidir 
sobre una política de salud pública. Si este actúa sin in-
fluencias personales y se basa en evidencias objetivas, 
estará aplicando “juicios maduros”. Además, si antes de 
tomar la decisión considera diferentes perspectivas y 
reflexiona antes de decidir, estará aplicando “equilibrio 
reflexivo”. Así, tomará decisiones más equitativas y jus-
tas para garantizar el bienestar general. 

Por lo tanto, Rawls busca corregir las desigualdades 
sociales y económicas existentes, asegurándose de que 
todos los miembros de la sociedad compartan un con-
cepto común de justicia, garantizando que todos los 
ciudadanos disfruten de una vida digna y justa. 

2.4 Instituciones y justicia formal
El autor destaca la importancia sobre los principios de 
justicia social y su aplicación a las instituciones sociales. 
Se enfoca en la estructura básica de la sociedad y cómo 
se distribuyen los bienes sociales primarios y responsa-
bilidades en estas instituciones. Una institución es un 
conjunto de reglas que define cómo funcionan ciertas 
actividades en la sociedad, como los juegos, los proce-
sos judiciales, los parlamentos, los sistemas de propie-
dad… (Rawls, 1971, pp. 62-67).

Por un lado, la equidad implica brindar a cada individuo 
los recursos y oportunidades necesarias para participar 
en una sociedad, considerando las desventajas iniciales 
de la persona. Por otro, el concepto de justicia corrige los 
fallos estructurales del sistema, y crea entornos donde 
todas las personas puedan participar activamente y de-
sarrollarse, encontrando así soluciones duraderas para 
lograr la plena inclusión. 

Aunque la equidad es un principio poderoso para as-
pirar a una sociedad justa, debemos reconocer que la 
implementación de medidas adicionales para aquellos 
con discapacidades o dificultades para integrarse en 
la sociedad indica la presencia de problemas estruc-
turales en las mismas. Por lo tanto, la construcción de 
una sociedad justa no puede basarse únicamente en la 
equidad. Otros valores y aspectos también son funda-
mentales para garantizar la participación de todos los 
individuos de la sociedad y asegurar que esta funcione 
de manera justa. 

Es entonces cuando surge la pregunta de investigación 
que se evaluará: ¿Hasta qué punto la equidad es funda-
mental para la construcción de una sociedad justa?

Para abordar esta cuestión filosófica, nos sumergiremos 
en el pensamiento político de John Rawls, reconocido 
por su obra Una Teoría de la Justicia, donde profundiza 
en los temas de justicia e igualdad en la sociedad. Ex-
ploraremos los conceptos fundamentales presentados 
en su libro para comprender su perspectiva y posterior-
mente dar pie a una discusión. Los capítulos 1 y 2 del 
libro de Rawls están dedicados a explorar la pregunta 
que plantea esta Monografía. 

Sin embargo, la investigación no se limitará exclusiva-
mente a Rawls. Con el objetivo de obtener una visión 
más completa y contrastada, consultaremos fuentes 
confiables como el libro de Filosofía política. Una intro-
ducción de Wolff, revistas filosóficas como Philosophy 
Now y recursos académicos como la Stanford Encyclo-
pedia of Philosophy. En particular, examinaremos las 
perspectivas de filósofos como Nozick y Cohen, que 
ofrecen alternativas y críticas fundamentales a la teoría 
de Rawls. Al analizar sus perspectivas políticas, podre-
mos elaborar una concusión que pueda dar respuesta a 
nuestra pregunta de investigación. 

2. ARGUMENTACIÓN DE JOHN RAWLS 
Rawls inicia su teoría destacando la importancia de la 
justicia, afirmando lo siguiente: “La justicia es la primera 
virtud de las instituciones sociales, como la verdad lo 
es de los sistemas de pensamiento” (Rawls, 1971, p. 17). 

En una sociedad justa, las libertades y derechos de 
igualdad ciudadana son fundamentales y no deben ser 
objeto de negociaciones políticas ni utilizarse como un 
mero medio para satisfacer intereses sociales. Esto im-
plica que todos los ciudadanos deben tener acceso a los 
mismos derechos y oportunidades, sin importar su posi-
ción social. Por lo tanto, una sociedad bien ordenada se 
preocupa por establecer sistemas institucionales y nor-
mativos que sean equitativos y respeten los derechos 
de todos. Ello implica que las normas, leyes y políticas 
deben ser diseñadas para fomentar la equidad, la igual-
dad de oportunidades y el respeto a los derechos funda-
mentales de los ciudadanos (Rawls, 1971, pp. 17-20). 

Sin embargo, en las sociedades existentes no hay con-
senso sobre los principios fundamentales de justicia, 
cada persona tiene su propia idea de lo que es justo. 
Esta falta de consenso es lo que dificulta la coordinación 
eficiente y la estabilidad social (Rawls, 1971, pp. 17-20).

2.1 El objetivo de la justicia
Rawls se enfoca en la justicia social, refiriéndose a la 
forma en que las sociedades distribuyen los derechos, 
deberes y beneficios para sus miembros, y para lograrlo 
se deben utilizar la constitución política y las disposicio-
nes económicas y sociales. No obstante, es importante 
tener en cuenta que la justicia social se aplica principal-
mente a la estructura básica de la sociedad (Rawls, 1971, 
pp. 20-24).

Por ejemplo, en una sociedad con un sistema de edu-
cación pública, donde todos los niños, sin importar su 
situación económica, tienen la oportunidad de recibir 
una buena educación. Por lo tanto, todas las escuelas 
reciben los recursos necesarios para enseñar, ayudando 
a que todos los niños tengan un acceso equitativo. 

Es importante destacar que el objetivo de Rawls es ga-
rantizar que todas las personas tengan oportunidades 
equitativas y que no haya diferencias injustas en su dis-
tribución (Rawls, 1971, pp. 20-24).
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económico, lo que podría mantener la estabilidad eco-
nómica a largo plazo. 

Además, Cohen, aunque no descarte la equidad como 
un principio fundamental en la construcción de una so-
ciedad, discrepa de los principios de justicia que Rawls 
propone. 

Es decir, Rawls sostiene que los talentos son arbitrarios 
y que no deberíamos ser recompensados por ellos, ya 
que son una ventaja injusta desde el principio. No obs-
tante, argumenta que en una sociedad justa, la equidad 
significa garantizar a las personas talentosas mayores 
recompensas económicas, siempre y cuando puedan 
demostrar que están beneficiando a los menos afortu-
nados al hacerlo (Wolff, 2001, p. 205).

Por ejemplo, un cirujano cerebral talentoso podría ganar 
más dinero que otros miembros de la misma sociedad 
si su trabajo beneficia a los menos privilegiados, como 
los enfermos graves. Esto implica que la desigualdad de 
la distribución de recursos se justifica si contribuye al 
bienestar de aquellos que están en una posición menos 
favorable (McCabe, 2012).

Sin embargo, si Rawls admite que siempre habrá des-
igualdades económicas, ¿cómo se puede lograr una so-
ciedad justa a través de esta equidad? Cohen, observa 
este ejemplo como un tipo de chantaje, donde los indi-
viduos aprovechan la necesidad de otros para obtener 
beneficios personales adicionales. Cohen argumenta, 
a partir de este chantaje, que es explotador e injusto 
permitir que este tipo de situaciones sucedan en una 
sociedad justa, ya que significa que algunos pueden 
obtener beneficios aprovechándose de la vulnerabili-
dad de otros, bajo la excusa de la equidad (McCabe, 
2012).

No obstante, Rawls podría responder a este contrar-
gumento afirmando que en una sociedad en la que se 
siguen normas básicas justas, no se permitiría que exis-
tan desigualdades como la mencionada anteriormente. 
En otras palabras, aunque el Estado no podría forzar 
a alguien a cambiar su ocupación, no sería necesario 
pagarle más a alguien que elige usar sus habilidades 
para salvar vidas, ya que todos deberíamos cumplir con 
nuestras responsabilidades básicas sin necesidad de re-
cibir recompensas adicionales. 

Sin embargo, esto contradice la tendencia egoísta de 
los seres humanos a actuar en beneficio propio, apro-
vechándose de la equidad de la sociedad. Lo que Cohen 
está expresando es que, aunque los principios de justi-
cia de Rawls pueden tener efectos positivos en térmi-
nos de eficiencia económica, esto no significa necesa-
riamente que sean justos en sí mismos (McCabe, 2012).

Por lo tanto, Cohen argumenta que para lograr la equi-
dad y garantizar la estabilidad a largo plazo, deberíamos 
adoptar lo que él llama un “ethos de justicia”. Es decir, 
si los individuos realmente creyeran en los principios de 
justicia de Rawls, no necesitarían incentivos para actuar 
justamente en favor de los menos privilegiados. Por lo 
tanto, argumenta que los principios de justicia de Rawls 
pueden ser innecesarios si confiamos en la bondad in-
trínseca de las personas (McCabe, 2012).

Siguiendo los principios de Rawls podríamos lograr una 
distribución más justa de recursos y oportunidades, lo 
que podría hacer que la sociedad sea más próspera y 
eficiente económicamente. Sin embargo, Cohen nos 
recuerda que la justicia no se limita a estos resultados 
prácticos, también implica cuestiones morales funda-
mentales, como respetar los derechos individuales y 
evitar la explotación o el chantaje (McCabe, 2012).

Por ejemplo, imagina un escenario donde un gobierno 
decide reducir significativamente los impuestos para 
las personas más adineradas, mientras que al mismo 
tiempo recorta los programas de asistencia social des-
tinados a ayudar a los ciudadanos más necesitados. 
Los defensores de Rawls podrían argumentar que esta 
estrategia es una forma efectiva de estimular el creci-
miento económico, ya que al dar incentivos fiscales a 
aquellos con mayores recursos financieros, se espera 
que inviertan más en la economía de la sociedad, esta-
bleciendo así la equidad y generando un mayor número 
de oportunidades. 

Sin embargo, si analizamos este escenario desde la 
perspectiva de Cohen, encontramos preocupaciones. 
Es decir, al favorecer principalmente a las personas más 
adineradas con recortes de impuestos, existe el peligro 
de ampliar la diferencia entre los grupos sociales. Ade-
más, al reducir los programas de ayuda social, se deja a 
las personas más necesitadas sin los recursos esenciales 
para cubrir sus necesidades básicas. 

Rawls está a favor de que las reglas y normas que rigen 
dichas instituciones sean conocidas por todos, y que se 
acuerde su cumplimiento. Además, menciona que las 
normas de una parte de una institución pueden llegar 
a ser establecidas por aquellos que pertenecen a ella, 
siempre y cuando no afecten negativamente a otros y 
estén destinadas a alcanzar objetivos aceptados por to-
dos (Rawls, 1971, pp. 62-67).

Existe una diferencia entre la justicia formal y la justicia 
sustantiva. La justicia formal se refiere a la aplicación 
imparcial y coherente de las reglas y normas de una 
institución, sin considerar su contenido. Es decir, se tra-
ta de garantizar que las reglas se cumplan de manera 
obligatoria para todos los participantes, independiente-
mente de si son justas o injustas en sí mismas (Rawls, 
1971, pp. 62-67).

Por otro lado, la justicia sustantiva se centra en los prin-
cipios de justicia que guían la estructura básica de la so-
ciedad y determinan cómo se distribuyen los derechos, 
beneficios y cargas entre los individuos. Por ejemplo, el 
sistema de votaciones establecido en algunas socieda-
des. La justicia formal asegura que todos los ciudadanos 
tengan el derecho de votar y que se sigan los procedi-
mientos electorales de manera justa. Mientras, por otro 
lado, la justicia sustantiva se pregunta si el sistema de 
votación es realmente justo para todos, considerando 
si favorece a ciertos grupos socioeconómicos más que 
a otros. 

2.5 Igualdad de oportunidades y justicia puramente 
procesal
El segundo principio de interpretación democrática es la 
igualdad de oportunidades. Este principio establece que 
los puestos y oportunidades en la sociedad deben estar 
abiertos de manera justa para todos. El objetivo de este 
principio es asegurar que el sistema de una sociedad sea 
justo y equitativo. No se trata solo de eficiencia, sino de 
garantizar que todos tengan la oportunidad de alcanzar 
su máximo potencial a través de sus responsabilidades 
(Rawls, 1971, pp. 88-93).

Este principio se relaciona con la idea de justicia proce-
dimental, que significa que la distribución de ventajas y 
oportunidades se basa en un sistema justo de normas 
e instituciones. Se analiza cómo es la estructura básica 

de la sociedad y a partir de allí se busca garantizar un 
sistema que sea justo y equitativo en la distribución de 
oportunidades para todos. 

Manteniendo conexión con los ejemplos iniciales de la 
introducción, Rawls estaría a favor de las políticas de 
Finlandia que aseguran igualdad de oportunidades des-
de el nacimiento, como el kit de maternidad y el permiso 
parental equitativo y la política laboral de Suecia. 

Estas medidas reflejan su principio de igualdad de opor-
tunidades y promueve la equidad al brindar a todos los 
individuos la posibilidad de adquirir habilidades. 

Por lo tanto, Rawls sostendría que la equidad es fun-
damental para la construcción de una sociedad justa, 
debido a que él aboga por una sociedad en la que todos 
sus ciudadanos tengan igual acceso a las oportunidades 
y se beneficien de manera equitativa de las estructuras 
sociales. 

3. DISCUSIÓN 
A lo largo de este trabajo, hemos explorado la teoría de 
la justicia de Rawls, que promueve una sociedad equi-
tativa y justa. Sin embargo, es importante destacar que 
existen otros autores que defienden principios funda-
mentales distintos, que discrepan de la teoría de justicia 
de Rawls en cuanto a garantizar la equidad, argumen-
tando que hay otros factores que también pueden ser 
fundamentales para asegurar una sociedad justa. 

Un contraargumento proviene del filósofo político mar-
xista Cohen, que sugirió en diversas conferencias que la 
equidad en la sociedad puede no ser el principal criterio 
de las instituciones, a diferencia de lo que afirma Rawls. 
Cohen se cuestiona si es más relevante que la sociedad 
priorice la equidad antes de buscar la justicia, o si es más 
importante que la sociedad mantenga su estabilidad a 
lo largo de las generaciones. 

Por ejemplo, cuando se trata de redistribuir la riqueza, si 
implementamos la perspectiva de Rawls y priorizamos 
la equidad, podríamos optar por establecer impuestos 
más altos para los más ricos y ofrecer más ayuda eco-
nómica a los más necesitados. Por otro lado, siguiendo 
el enfoque de Cohen, podríamos mantener impuestos 
más bajos para no frenar la inversión y el crecimiento 
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4. CONCLUSIÓN
En el apartado anterior se ha analizado y discutido la 
teoría de Rawls, contrastándola con las perspectivas 
de filósofos como Cohen y Nozick, quienes consideran 
que deben ser otros valores los que constituyan una 
sociedad, otorgando importancia a distintos aspectos 
y enfatizando la relación compleja que existe entre la 
equidad y la justicia en la construcción de una sociedad 
justa. 

Desde la teoría de Rawls, la equidad es un principio 
fundamental para la justicia social, ya que promueve 
una distribución equitativa de recursos y oportunida-
des para todos los ciudadanos de una sociedad. Esto 
se refleja en sus principios de igualdad de oportuni-
dades y la distribución justa de los bienes sociales que 
él argumenta en su obra, donde aboga por corregir las 
desigualdades iniciales y garantizar un terreno de jue-
go nivelado para todos. 

No obstante, las críticas de Cohen y Nozick resaltan la 
complejidad y los posibles conflictos que pueden lle-
gar a suceder entre la equidad y otros valores como 
la libertad individual, la estabilidad a largo plazo de 
una sociedad y los derechos de propiedad. Por un lado, 
Cohen argumenta que la equidad puede ser explota-
da para obtener ventajas personales a costa de otras 
personas, mientras, por el otro, Nozick enfatiza la im-
portancia de respetar la propiedad privada y la liber-
tad individual, incluso si esto conlleva desigualdades 
económicas. 

En este sentido, la equidad se muestra como un prin-
cipio fundamental para lograr construir una sociedad 
justa, pero debe equilibrarse con otros valores como 
la libertad individual, la propiedad privada y la esta-
bilidad social. Es decir, no se trata solo de igualdad de 
oportunidades, sino también de respetar los derechos 
individuales y crear un sistema que permita a todos 
progresar de manera justa y equitativa. Por lo tanto, 
si llegamos a aplicar esta perspectiva en una sociedad, 
las medidas adicionales de equidad no serían necesa-
rias si el sistema ya está diseñado, desde el principio, 
para ser equitativo e inclusivo. 

Manteniendo conexión con los ejemplos iniciales, las 
políticas que han adoptado Finlandia y Suecia se mos-
trarían como ejemplos de medidas que promueven la 

equidad desde el principio y la lo largo de la vida de 
los ciudadanos. Ambos países han construido sistemas 
políticos que ofrecen oportunidades equitativas desde 
el nacimiento y durante la vida laboral de los trabaja-
dores. 

Por eso pienso que no existe una única teoría que 
garantice la justicia. Mezclar las ideas de Rawls, que 
destaca la imparcialidad, con las de Nozick, que valo-
ra la individualidad, ofrece un enfoque más completo. 
Esto me plantea la pregunta ¿es posible desarrollar 
una nueva teoría política combinando los enfoques de 
Rawls y Nozick para lograr una sociedad mayoritaria-
mente justa? Esta podría ser una propuesta interesan-
te para investigaciones futuras.
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Por lo tanto, este desequilibrio económico y social pue-
de tener graves consecuencias en la sociedad, como 
tensiones y conflictos, que pueden debilitar la unión, 
la estabilidad y no garantizar la inclusión de todos los 
individuos. Además, si no se brinda suficiente ayuda a 
quienes más lo necesitan, puede desencadenar un ci-
clo de pobreza que haga difícil salir adelante, ya que las 
oportunidades son escasas desde el principio. 

Por ello, la respuesta de Cohen a la pregunta de inves-
tigación sería que él reconoce la importancia de la esta-
bilidad para el correcto funcionamiento de la sociedad. 
No obstante, él resalta que esta estabilidad no debe 
conseguirse sacrificando la equidad para alcanzarla. Co-
hen aboga por encontrar un equilibrio entre la equidad 
y la estabilidad, donde ambos aspectos se consideren 
al construir una sociedad verdaderamente justa y fun-
cional. 

Manteniendo conexión con los ejemplos iniciales de la 
introducción, Cohen ve aspectos positivos en los enfo-
ques implementados por Finlandia y Suecia, ya que am-
bos países están abordando las desigualdades socioe-
conómicas desde diferentes perspectivas. Sin embargo, 
él podría considerar la estabilidad como una consecuen-
cia positiva de las políticas que promueven la equidad, 
como las mencionadas en los ejemplos anteriores. 

No obstante, también hay otro autor que defiende un 
enfoque diferente al de Rawls y Cohen. Según Nozick, 
la justicia se basa en el respeto a los derechos individua-
les y en cómo las personas adquieren y comparten los 
recursos de manera justa. Por lo tanto, si seguimos es-
tas reglas, la distribución de oportunidades y beneficios 
será más justa, incluso si algunas personas tienen más 
que otras. En cambio, Rawls prefiere redistribuir recur-
sos para lograr una mayor igualdad (Mack, 2022).

Por ejemplo, imaginemos dos conjuntos de personas 
dentro de una sociedad, donde cada uno tiene niveles 
socioeconómicos diferentes. Por un lado, tenemos un 
grupo de familias acomodadas, lo que les permite ac-
ceder a oportunidades y servicios de salud de calidad. 
Mientras, por otro, el resto de la población proviene de 
familias con bajos ingresos y recursos limitados, lo que 
condiciona sus oportunidades. 

Desde la perspectiva de Nozick, si las personas que han 
nacido en situaciones favorables de la sociedad han 

obtenido sus recursos de manera justa y han llegado a 
acuerdos voluntarios con otras personas para utilizarlos, 
la forma en que se distribuyeron los recursos al princi-
pio es justa, aunque eso signifique que todavía existen 
grandes desigualdades para el otro grupo de personas 
(Mack, 2022). Por lo tanto, Nozick afirma que la equidad 
no es suficiente para lograr justicia. Según él, también 
debemos tener en cuenta cómo la sociedad obtiene y 
transfiere los recursos. 

Manteniendo conexión con mi pregunta de investiga-
ción, Nozick argumentaría que la equidad es fundamen-
tal para una sociedad justa, pero esta no debe primar 
sobre la libertad individual y la propiedad privada. Es 
decir, aunque este filósofo valora la equidad, cree que 
debe equilibrarse con otros principios, para así poder 
llegar a construir una sociedad justa. 

Mantenido el enfoque político de Nozick y respecto a 
los ejemplos iniciales, en el caso de Finlandia, recono-
cería su objetivo de igualdad de oportunidades, pero 
cuestionaría si el gobierno puede imponer impuestos 
para financiar políticas que buscan garantizarla. Esto 
podría considerarse una violación de los derechos de 
propiedad y dar demasiado poder al gobierno sobre la 
población. 

En cuanto al sistema laboral de activación de Suecia, 
Nozick, de igual forma, observaría positivamente los 
programas de capacitación para desempleados, pero 
se preguntaría si usar fondos públicos para financiarlos 
es apropiado. Podría argumentar que estos programas 
pueden llegar a afectar negativamente en la capacidad 
de las personas para ejercer su libertad de elección y 
negociación en el ámbito laboral.

"Rawls busca corregir las 
desigualdades sociales y 
económicas existentes, 
asegurándose de que todos 
los miembros de la sociedad 
compartan un concepto común de 
justicia, garantizando que todos los 
ciudadanos disfruten de una vida 
digna y justa". 

https://www.aceprensa.com/politica/europa-debate-la-discriminaci-n-positiva/
https://www.aceprensa.com/politica/europa-debate-la-discriminaci-n-positiva/
https://www.aceprensa.com/politica/europa-debate-la-discriminaci-n-positiva/
https://www.bbc.com/mundo/noticias-internacional-45582530
https://www.bbc.com/mundo/noticias-internacional-45582530
http://www.ub.edu/ciudadania/hipertexto/bienestar/trabajos/ub02/1/7.htm
http://www.ub.edu/ciudadania/hipertexto/bienestar/trabajos/ub02/1/7.htm
https://plato.stanford.edu/entries/nozick-political/
https://plato.stanford.edu/entries/nozick-political/
https://philosophynow.org/issues/92/John_Rawls_and_Justice
https://philosophynow.org/issues/92/John_Rawls_and_Justice


1. INTRODUCTION
This investigation delves into the area of research 
immunology and infectious diseases. The aim is 
to determine whether there exists a significant 
difference between the different types of 
lymphocytes concentrations, CD8+, CD4+ and 
PD1+, within the peripheral blood of individuals 
infected with Staphylococcus aureus bacteraemia 
at different points of the disease´s course. This 
leads to the analysis of the dynamic nature of the 
immune system response.

In order to provide valuable insight, the infected 
samples with the bacteraemia will be compared 
with each other to determine significant difference. 
As well as a meticulous comparison will be done 
with a control group of healthy individuals that 
contribute to the deeper understanding of the 
host-pathogen interactions.

2. RESEARCH QUESTION
Is there a difference between the concentration of 
lymphocytes (CD8+, CD4+ and PD1+) in peripheral 
blood of patients infected with Staphylococcus 
aureus bacteraemia in 48 hours, 96 hours and 7 
days post infection, and with healthy individuals?

3. BACKGROUND INFORMATION

i. Insight on Staphylococcus aureus: viru-
lence´s factors and clinical aspects
The staphylococci were one of the first human 
pathogens identifies. They are ubiquitous 
colonizers that can be found in mucous 
membranes and human skin. They are nonmotile, 
nonsporulating gram-positive cocci, 0.5 to 1.5 µm 
in diameter, that occur singly and in pairs, short 
chain and in irregular three- dimensional clusters 
also described as “grape-like” shape.

Figure 1: representation of the bacteria Staphylococcus aureus. 
(NIAID, n.d.)
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b. Adaptive Immune System
This type takes over when the innate immune system 
does not destroy the foreign agents. It has a slower 
respond, but it is more accurate because it is specific to 
the microorganisms causing the infection. But to do so, 
the immunological system first needs to identify it. One 
of the main characteristics is the ability to “remember” 
microorganisms, this way, next time can respond faster. 
This is the reason why the body becomes “immune” to 
some diseases after defeating them once.

The adaptive immune system is conformed of:

I. T lymphocytes
They are produced in the bone marrow, and they mature 
in the thymus. Their main functions are to activate other 
immune system cells (T helper cells). Some can become 
memory T cells after the infection has been resolved. 
They attach to microorganisms and produce a matching 
T cell type for each specific infection. Then, when a micro-
organism binds to a matching T cell, the T cell multiplies, 
producing new specific T cells. As only the matching cells 
will multiply, the immune response is customized.

In this analysis we will focus on the following ones, 
which are antigens presents in T lymphocytes:

TABLE 1: DESCRIPTION OF T LYMPHOCYTES AND THEIR FUNCTION

NAME FUNCTION

CD3+CD56- Cells subset includes T cells (CD3+) and excludes 
natural killers (NK) cells (CD56-). Controls antigen 
recognition and immune regulations.34

CD4+ It is an antigen found in T cells (subgroup of 
CD3+CD56-). It helps to coordinate the immune 
response by interacting with other immune cells, it is 
known as co-operator. They trigger and direct the 
immune system response against pathogens.

CD8+ It is an antigen found in T cells (subgroup of 
CD3+CD56-). CD8+ is a cell surface glycoprotein 
found on most cytotoxic, responsible for directly 
killing abnormal cells and efficient cell-cell interaction.

Activated It is a subgroup of both CD4+ and CD8+. They are used 
in the effective regulation of the immune response to 
pathogens. Activated means that there has been an 
interaction with the antigen-MHC complex. 36

Terminal 
Effector

It is a subgroup of both CD4+ and CD8+. There are 
two subsets, about 95% are destined to die, show 
rapid killing effect, and the remaining 5% with are 
transformed into memory cells. 37

CD57+ It is a subgroup of both CD4+ and CD8+. It is an antigen 
found in NK (HNK1), associated with cytotoxicity, 
considerably more potent than normal NK.

PD1+ It is a subgroup of both CD4+ and CD8+. Cell Surface 
receptor that regulated the adaptive immune 
response. When PD1 binds to its ligands (PD-L1 or PD- 
L2), leads to signal inhibition of T-cell proliferation. 
Prevents the excess attack to healthy cells, avoiding 
autoimmune reactions.

II. B Lymphocytes
They originate in the bone marrow, mature into 
specialized cells only matching specific microorganisms. 
They are activated by T helper cells and transformed 
into plasma cells, realising targeted antibodies 
(immunoglobulins) into the bloodstream. Some of them 
can also become memory cells.

 III. Antibodies
They are a combination or protein and sugar substances 
synthesized by B lymphocytes. Their function is 
to detect, attach and neutralize potential harmful 
antigens. They only attach to antigens if they match 
exactly, initiating a fast defence reaction.

iv. Immune Response against Bacteraemia by 
Staphylococcus aureus
The immune response against S. aureus involves acti-
vation of both the innate and adaptive immune system. 
The first step for defence, innate immune response rap-
idly recognizes non-specific markers of microbial infec-
tion, this leads to the activation of phagocytes cells such 
as macrophages and neutrophils. The latter are key com-
ponents of the response against S. aureus.

Secondly, the adaptive immune system is activated 
during the progression of the infection. It depends on 
the presentation of bacterial antigens, helped by the 
cytokine milieu formed by the innate response.15 It has 
been recently suggested that the activation of T cells 
and antibodies production by B cell can determined 
host susceptibility and control of S. aureus infection. 
They are able to target specific bacterial antigens, 
but also to increase the activity of the innate immune 
cells by increasing phagocyte-mediated destruction. 
However, the recurrence of S aureus infections suggests 
imperfections in the adaptive memory response.15

Inside this genus, the most prominent pathogen is 
Staphylococcus aureus, commonly pigmented golden 
yellow. Around 30% of global population´s mucous 
membranes are colonized by this opportunist pathogen. 
Other common sites of colonization include damaged 
skin and external female reproductive system1,2.

It is the leading cause of wide range of diverse 
infections. The broad scope of diseases reflects 
the diversity of its virulence factors. It stands out 
the grand variety of toxins, enzymes and adhesins 
characteristic of S. aureus, which allows it to avoid 
the host´s immune response3. It is considered a public 
health threat5, especially among health-care workers, 
patients with immunosuppression or individuals with 
chronic dermatologic conditions.1

ii. Staphylococcus aureus leads to infection 
diseases
When we refer to S. aureus diseases, two types of 
syndromes are described: intoxications and infections. 
Infections are bacterial proliferation that involves 
invasion or destruction of host tissues, as well as 
inflammatory response. This occurs due to secreted 
products that ensure the bacteria to survive in the host.1

There are some steps followed in this process: 
colonization, invasion (usually across the skin or 
mucosal membranes), adherence to either materials 
in the extracellular matrix or pericardium, avoidance 
of host defences and destruction of tissues1. The most 
common portal of entry are local skin or soft tissues 
infections. They become an optimal entryway for this 
bacterium into internal tissues and bloodstream.6

One of the main diseases caused by the S. aureus 
is bacteraemia (SAB). It is a bloodstream infection 
associates with high rates of morbidity and mortality, 
30-day all- cause mortality of SAB is around 20%. 
Among its risk factors are age, AIDS8, intravenous drug 
use1 and the presence of intravascular catheters9.

The peculiar mix of toxins and immune-modulatory gene 
products influences the pathogenicity of S aureus.10 Its 
destructive pathogenicity is due to the large number of 
virulent components it produces, the majority of which 
are multifunctional proteins.

Figure 2: Superficial septic thrombophlebitis due to S. aureus related 
to a peripheral vein catheter insertion. (López-Medrano, F, 2022)

Treatment of SAB requires time and economic 
investment to identify the infecting strain and source 
and appropriate antibiotic treatment. However, the 
tenacity of S. aureus to develop resistance against 
several antibiotics in a very short period of time11 
combined with the lack of effective alternatives, leads 
to the difficulty in the treatment of SAB10, requiring 
long periods of hospitalization and usage of healthcare 
resources.

iii. Broad picture of the immune system
The immune system refers to a series of actions that 
the body performs to protect the organism as it fights 
microorganisms on the skin, tissues, or fluids such 
as blood.12 Its mechanism will distinguish from what 
substances are own or foreign. In immunology, foreign 
agents are referred as antigens. There are mostly 
proteins found in the surface of cells, fungi, viruses, 
and bacteria.13 Most of the time they trigger a series of 
cellular events in the body that leads to the recognition 
and destruction of this foreign agents.14

The immune system consists of two parts: the innate 
(non-specific) immune system and the adaptive 
(specialized) immune system. They are coordinated.

a. Innate Immune System
It is the body´s primary defence mechanism, acts as 
an initial barrier of protection against foreign agents. 
Also known as the “nonspecific” immune system, it 
functions consistently against microorganisms.
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Figure 3: Graphical representation showing the difference between 
conventional and spectral flow cytometry. Conventional flow 
cytometry divides light emissions into different detectors using 
a number of filters and mirrors. Spectral flow cytometry, light is 
divided into focusing lens using a prism, before detection. Moreover, 
a collimating lens is frequently used to parallelize and direct light 
linearly before it reaches de detector.28 (ATT Bitoques,n.d.)

Figure 4: Shows the process in which the antibody binds the 
corresponding antigen. Later on, in the third step, we can observe 
how in a solution of fluorophores, there will be one matching the 
antibody, forming a dye-conjugated that later on will be read by the 
spectrophotometer. (Bain, G, .n.d.)

Furthermore, we need to understand the difference 
between conventional and spectral flow cytometry. The 
main drawback for conventional flow cytometry is the 
compensation or deletion of spectral overlap between 
fluorophores. However, this overlap of information 
has been resolved by using Spectral flow cytometry.26 
This updated cytometry, measures all the spectrum 
emission of each fluorophore, as it uses multiple lasers 
and detectors to create a specific signature for each 
fluorophore (Figure 3).

The new cytometry uses spectral unmixing. This 
means that a mathematical algorithm can distinguish 
within a multicolour sample a myriad of fluorophores, 
based on their unique signature. The main advantage 
is that it is able to differentiate off-peak emissions of 
fluorophores, even though, they have near-identical 
peak emissions, and used together in a panel. In other 
words, overlapping fluorophores pairs can be used in 

the same panel, increasing the number of parameters 
analyzed.27 (Figure 5)

To answer the research question, is there a difference 
between the concentration of lymphocytes (CD8+, 
CD4+ and PD1+) in peripheral blood of patients 
infected with Staphylococcus aureus bacteraemia in 
48 hours, 96 hours and 7 days post infection, and with 
healthy individuals? it has been taken blood samples 
from patients at the 48 hours, 96 hours and 7 days 
post-infection. This has been analysed with Spectral 
flow cytometry in which a 23-colour panel has been 
used. With this, the main cell subpopulation present 
in patients’ blood with bacteraemia are analysed: 
CD3+CD56- (Totals), CD4+ and CD8+ T lymphocytes 
(Totals, Activated, Terminal Effector, CD57+ and PD1+). 
Other ones also recover under this technique were: 
natural killer (NK) and natural killer-like (NKT-like) 
lymphocytes, and monocytes.29

Figure 5: It compares the conventional and spectral flow cytometry 
optical detection. A) Conventional flow cytometry: fluorescence 
emission from one primary fluorophore collected by a single detector. 
B) Spectral unmixing-based flow cytometry: using a multi-laser 
excitation to collect full spectrum fluorescence emission for all 
fluorophores.27 (Thermofisher.n.d.)

"Flow Cytometry is a technology 
with unique optical collection 
and analytical capabilities. It 
used to characterize cell´s 
physical properties and separate 
them according to those 
characteristics". 

Once the bacteria have entered the bloodstream, mainly 
through damaged skin, S. aureus is cleared by Kupffer 
cells (they are known as specialized liver macrophages). 
Most of the time, this cleaning process is enough to 
prevent a further infection. However, some percentage 
of phagocytosed staphylococci might survive and 
reproduce inside the Kupffer cells, transforming the 
liver into a source of bacteria dissemination, carrying 
the bacteria to other parts of the body, causing sepsis 
and secondary infections.16

Moreover, the role of T cells and their functions are hard 
to determine in S. aureus sepsis: T cells that secrete IL-
17, as well as T- helper cells 1 appear to be protective 
during invasive S aureus infections.21, even though, 
there are contradictory results, such as some S. aureus 
antigens causing unspecific release of T cells that 
worsen the infection.22 This occurs due to the existence 
of different S. aureus strains, with specific antigens 
promoting a variety of immunological responses. 
Furthermore, in recent studies of non-conventional 
(non-peptide-specific; MHC) T cells, it appears that 
activation by S. aureus antigens of the invariant Natural 
Killer T cells (iNKT, type I NKT), and Mucosal Associated 
Invariant T cells (MAITs) could aggravate S. aureus 
infection. Whereas type II NKT cells might fight the 
infection.23,24,25.

v. Selection of lymphocyte population
To analyse immune response to SAB we have analysed 
regulatory T cells (Tregs) are part of the T CD4+ 
lymphocytes, which act to suppress the immune 
response. When combined with T helper, they facilitate 
maintenance of immunological homeostasis and self-
tolerance34 in the immunoregulator mechanisms. 
Furthermore, they also connect innate and adaptative 
immune system, as its response precedes the later.

In addition, T CD8+ lymphocytes are in charge in 
eliminating infected cells. They do this through the 
recognition of the histones present in the polypeptide. 
It can be produced by both the pathogen and the 
threated cell.

Moreover, lymphocytes T can develop to be naïve, 
effector or memory cells.

vi. Spectral flow cytometry
Flow Cytometry is a technology with unique optical 
collection and analytical capabilities. It used to 
characterize cell´s physical properties and separate 
them according to those characteristics. In this case, 
we are looking for the separation of cells according to 
cellular populations.

This technique allows the analysis of individual cells 
(one at a time) in suspension in a clear saline solution. 
This solution contains different sugars that allow cells 
to be in an optimal environment. Furthermore, in order 
to target the cells, different fluorophores are used. The 
fluorophores are photoreactive chemicals that absorbs 
and emit energy in a predictable fashion. There are 
antigens, which are bind by corresponding antibodies, 
later on these antibodies are dyed with fluorophores 
(appendix 2).

It has the ability to performed discrete measurement on 
millions of cells. The basis of this technology relied on 
the use of a wavelength with alters the scatter behavior, 
which is measured by two optical detectors. The first on 
is forward scatter (FSC) it measured it along the path 
of the laser, while the second detector is known as 
side scatter (SSC), it measures the laser at a 90º angle 
relative to the laser. When both lasers come together, 
the measurement allows for cellular differentiation 
within heterogenous populations.

This process can be observed in figure 3, It is observed 
how the cells passed individually through a tube, thanks 
to the laser, the different fluorophores are read. The 
light is divided into focusing lens using a prism, before 
it is read in the detector. Also, a collimating lens is used 
to parallelize and direct light linearly before it reaches 
the detector.

This procedure can be used in several areas, such as the 
immune response characteristics in infections caused by 
S aureus bacteria. One of the main functions of spectral 
flow cytometry is immunophenotyping. It consists of 
stained cells with fluorochrome-conjugated antibodies 
directed against antigens placed on the cell surface, 
as shown in Figure 4. Each immune cell has a specific 
signature for each cellular type; therefore, these are the 
markers used to define cell populations.
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The main goal of this procedure is to separate the 
living and dead cells, furthermore, they are dyed 
with a multicolour solution of antibodies made of 
fluorophores, therefore, can be identified after binding 
to the corresponding antigen. Finally, using a spectral 
flow Cytometry Cytek® Aurora (Cytek® Biosciences Inc.) 
of five lasers the samples are analyzed.

Figure 8: Cells passing one by one through the Spectral Flow 
Cytometry. Picture taken by the author, 2023.

After the raw data was collected, the unmixing 
documents (a complex of certain software with 
isolation properties of cell´s subpopulations) were 
applied for the population analysis using the FlowJoTM 
software (BD biosciences). Gaiting, which refers to 
the selection of successive cells’ subpopulations for 
analysis in flow cytometry took place. During this 
process cellular populations of interest were grouped 
and differentiated. When the cells passed individually 
though the detectors, they had a certain fluorophore 
attached to it, complementary to their antibody. The 
laser will read the absorbance and transmittance 
of the fluorophore and grouped cells according to 
theirpopulations expressed in percentages of the total 
cell´s number. This will create diagrams outlining 
different cell´s subpopulations.

"The main goal of this procedure is 
to separate the living and dead cells, 
furthermore, they are dyed with a 
multicolour solution of antibodies 
made of fluorophores, therefore, 
can be identified after binding to the 
corresponding antigen".

Figure 9: Diagrams generated after Spectral Flow Cytometry 
outlining the relative amount of each type of cell. They are 
distributed into different areas and outlined by different colours. 
Picture taken by the author, 2023.

Figure 10: Differentiate the different types of cells according to their 
emission spectra. It is outline in these graphs depending on their 
intensity. Picture taken by the author, 2023.

Figure 11: Graphical representation showing the process from 
separating the blood sample into tagging the antigens with 
fluorophores, passing it through the spectral cytometer, and how 
the lasers differentiate the different cell´s subpopulations. (García, B, 
2023)

4. HYPOTHESIS
My hypothesis stands that there will be a significant 
difference in T lymphocytes subpopulations concen-
trations at different points in the progression of the 
disease. According to the background information, a 
higher immunological response will be observed at the 
initial stages of the SAB. There will be a significant se-
cretion of lymphocytes due to its aim to neutralize the 
infection in the body. Along this period, the immuno-
logical response will be passively decreasing as the 
infection is already neutralized. As a consequence, the 
biggest difference with the healthy samples will be ob-
served in the first stages, nevertheless, as the course of 
the infection continuous, the results will be mush simi-
lar to those in the control group.

Furthermore, when a comparison is made between the 
infected samples and the healthy controls, the difference 
will be significant. There will be a common tendency 
in healthy samples to have lower concentration of all 
the cell´s subpopulations responsible of the immune 
response. As the healthy control groups does not fight 
an infection, it neither triggers the release of these 
types of cells.

" A higher immunological 
response will be observed at 
the initial stages of the SAB. 
There will be a significant 
secretion of lymphocytes 
due to its aim to neutralize 
the infection in the body. 
Along this period, the 
immunological response 
will be passively decreasing 
as the infection is already 
neutralized".

5. PROCESSES
i. Outline of the procedure
Disclaimer: The whole laboratory procedure was carried 
out by the head of the immune disease laboratory of 
the “University Hospital 12 de Octubre” (Madrid, Spain) 
and the laboratory technician. The whole methodology 
is explained in annex 1.

I. Clinic Samples
A total of 18 patients with bacteraemia by S aureus and 
11 healthy controls were selected from the University 
Hospital “12 de Octubre” (Madrid, Spain). A sample of 
blood was retrieved (by the research nurse), and periph-
eral blood mononuclear (PBMC´s) cells were isolated.

II. Antibody Staining
It is divided into four steps:
a.	 	Thawing of samples.
b.	 	Fc receptor blocking and non-specific monolith 

antibodies, it is a based liquid chromatography that 
uses antibodies to couple with the antigens.

c.	 	Labelling with fluorophore-conjugated surface 
antibodies. The specific fluorophore used for each 
lymphocyte surface antibody is shown in the annex 2.

d.	 	Washing and fixing of samples and sample analysis.

Figure 6: The centrifuge samples, they show the cells at the bottom 
(white). Picture taken by the author, 2023.

Figure 7: Different samples in centrifuge tubes inside the centrifuge. 
Picture taken by the author, 2023.
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6. RAW DATA

TABLE 2: RAW DATA OF 18 PATIENTS AT 48 HOURS OF THE S. AUREUS BACTEREMIA

48H (ALL VALUES EXPRESSED AS A PERCENTAGE OF THE TOTAL NUMBER OF CELLS)

CD3+CD56- CD4+ CD8+

PATIENT 

(Nº)
TOTALS TOTALS ACTIVATED TERMINAL

EFFECTOR CD57+ PD1+ TOTALS ACTIVATED TERMINAL
EFFECTOR CD57+ PD1+

1 41.7 32.9 0.240 8.84 1.12 0.550 8.01 0.770 4.15 3.63 0.022

2 22.8 10.3 0.045 1.24 1.42 0.200 10.9 0.290 5.62 7.51 0.001

3 31.1 16.3 0.140 3.45 0.13 0.300 13.3 0.130 5.06 4.63 0.001

4 31.9 18.6 0.051 4.23 0.39 0.067 9.78 0.240 3.78 5.10 0.001

5 36.5 25.2 0.440 10.3 0.91 0.260 9.38 1.060 4.72 2.55 0.001

6 56.1 47.6 0.230 15.1 0.45 0.800 7.52 0.870 2.13 2.52 0.001

7 31.4 21.7 0.042 18.1 4.28 0.093 8.67 0.027 8.27 4.18 0.001

8 21.9 16.8 0.140 6.92 1.60 0.072 3.71 0.210 1.80 1.26 0.001

9 12.0 7.67 0.320 0.81 1.48 0.680 3.59 1.070 0.79 1.73 0.001

10 17.0 13.9 0.093 4.46 0.15 0.370 2.52 0.230 1.35 0.81 0.015

11 4.82 2.49 0.120 0.40 0.29 0.260 2.20 0.360 1.49 1.39 0.014

12 37.6 23.1 0.130 4.77 0.93 0.140 10.5 0.160 4.79 3.82 0.001

13 39.0 28.5 0.490 7.55 8.77 0.220 9.91 0.510 4.79 6.98 0.001

14 52.3 34.0 0.150 9.03 1.56 1.350 17.6 1.870 10.2 2.16 0.110

15 24.0 15.7 0.069 2.20 2.65 0.043 7.14 0.054 5.05 3.38 0.001

16 46.9 33.3 0.035 4.45 0.35 0.170 12.1 0.023 6.17 3.27 0.018

17 48.8 38.7 0.085 5.82 5.57 0.078 8.63 0.200 5.62 4.89 0.001

18 34.8 20.3 0.140 4.25 0.28 0.083 11.8 0.220 4.98 3.36 0.001

ii. Statistical analysis
For this analysis a SPPS® Statistics software version 20.0 
(IBM Copr; Armonk NY) has been used. Kolmogorov-
Smirnov test has been used to determine whether the 
data comes from a normal distribution. In the case that 
it does not follow normal distribution (labelled as x), 
another factor of assessing the difference is by finding 
the interquartile range.

In addition, for the comparison between different 
evaluation point of the same sample (48 hours, 72-96 
hours and 7 days), the Wilcoxon signed - rank method 
was used to compare two related samples. It was 
used instead of the t-test as it is more robust against 
outliers. The main aim was to identify the intra-patient 
evolution of the immune response in a patient infected 
with SAB.

Likewise, we compared the lymphocytes subpopulations 
of patients with a control group at the 48 hours. This 
was previously selected by the experts; it is thought to 
be the time where higher differences with the controls 
are expected. For assessing the non-healthy with the 
healthy controls, we have used the methods: Student´s 
T distribution31 because a small samples size is used or 
on the other hand the Mann-Whitney U test, in those 
samples that don’t follow a normal distribution32.

Null Hypothesis: there is no significant difference 
between the three periods of time in the subpopulation 
of cells in a single patient developing SAB.

Alternative hypothesis: There is a significant difference 
between the two periods of time in the subpopulation 
of cells in a single patient developing SAB (p value < 
0.05).

iii. Legal Process
The study protocol was approved by the Clinical 
Research Ethics Committee of the “University Hospital 
12 de Octubre” (Madrid, Spain). All participants provided 
written informed consent at study entry, which was 
conducted in accordance with the ethical standards 
stated in the Declarations of Helsinki and Istanbul. All 
the samples were anonymized before the analysis, in 
order to preserve the privacy of the patients.

The whole procedure both the blood sampling and the 
manipulation of further solutions were carried out by 
healthcare professionals with qualified aptitudes for 
such procedures.
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7. PROCESSED DATA
In order to assess if the background information and the hypothesis were proven through these results, we need 
to process them in order to achieve more accurate and precise results. Furthermore, it helped to have a clearer and 
structure data, followed by the decreased of possible random errors as the mean of repetitions will be calculated.

i. Average was calculated for each of the categories CD3+ CD56-, CD4+ and CD8+:

ii. Once we have the mean, we calculated the standard deviation, to observe the distribution of the data. The 
following formula33 is used:	

iii. Wilcoxon test Formula38:
z = z - value
W = test statistic 

Nr = sample size, excluding pairs where x1 = x2
sgn = sign function
x1, i, x2, i = corresponding ranked pairs from two distributions
Ri = rank i

TABLE 3: RAW DATA OF 18 PATIENTS AT 72 HOURS OF THE S. AUREUS BACTEREMIA

72H (ALL VALUES EXPRESSED AS A PERCENTAGE OF THE TOTAL NUMBER OF CELLS)

CD3+CD56- CD4+ CD8+

PATIENT 

(Nº)
TOTALS TOTALS ACTIVATED TERMINAL

EFFECTOR CD57+ PD1+ TOTALS ACTIVATED TERMINAL
EFFECTOR CD57+ PD1+

1 55.8 48.0 0.170 11.7 0.880 0.410 7.17 0.250 3.61 3.28 0.001
2 22.0 12.9 0.024 1.40 1.210 0.026 7.82 0.074 3.75 4.33 0.001
3 22.8 9.86 0.031 1.58 0.073 0.061 11.4 0.100 5.39 4.80 0.001
4 22.6 11.9 0.052 2.90 0.460 0.068 7.87 0.320 3.06 5.36 0.001
5 26.6 17.3 0.120 5.97 1.360 0.033 8.02 0.180 4.09 4.06 0.001
6 61.0 49.4 0.180 17.2 0.440 1.140 10.2 1.080 3.30 4.13 0.001
7 42.7 31.9 0.079 27.0 3.00 0.110 9.59 0.059 9.03 3.07 0.001
8 42.5 32.6 0.160 13.6 4.66 0.077 9.73 0.160 4.63 3.99 0.001
9 30.9 20.3 0.071 4.26 3.16 0.300 7.31 0.270 2.33 3.25 0.001
10 44.9 38.0 0.039 14.9 0.15 0.043 6.04 0.160 2.71 0.86 0.001
11 2.45 1.41 0.011 0.18 0.13 0.019 1.00 0.013 0.65 0.49 0.001
12 30.9 18.2 0.082 4.27 0.65 0.026 9.38 0.082 4.57 3.15 0.001
13 41.0 30.4 0.140 9.02 5.93 0.160 9,82 0.180 4.99 7.24 0.001
14 57.4 40.4 0.190 12.6 1.60 0.800 16.0 0.180 13.0 1.21 0.001
15 23.2 14.2 0.086 2.39 2.36 0.040 7.53 0.036 5.39 3.54 0.001
16 22.2 17.6 0.023 4.12 0.11 0.046 4.02 0.032 1.66 0.93 0.001
17 42.0 29.7 0.170 6.30 5.23 0.045 10.5 0.170 6.99 6.61 0.001
18 44.5 27.4 0.240 3.11 1.23 0.170 14.0 0.180 6.51 5.80 0.001

TABLE 4: RAW DATA OF 18 PATIENTS AT 7 DAYS OF THE S. AUREUS BACTEREMIA

7 DAYS (ALL VALUES EXPRESSED AS A PERCENTAGE OF THE TOTAL NUMBER OF CELLS)

CD3+CD56- CD4+ CD8+

PATIENT 

(Nº)
TOTALS TOTALS ACTIVATED TERMINAL

EFFECTOR CD57+ PD1+ TOTALS ACTIVATED TERMINAL
EFFECTOR CD57+ PD1+

1

2 23.9 13.2 0.058 1.09 0.930 0.160 9.08 0.120 3.54 4.60 0.001

3

4 40.5 24.7 0.110 6.25 0.570 0.150 12.0 0.230 5.46 6.19 0.001

5 27.5 15.7 0.100 4.64 1.650 0.087 9.51 0.210 5.17 6.32 0.001

6 5.55 4.66 0.011 2.14 0.046 0.095 0.70 0.045 0.32 0.28 0.001

7 48.0 36.1 0.150 30.5 2.690 0.240 10.3 0.190 9.50 3.28 0.001

8 18.3 14.0 0.110 6.76 1.510 0.043 3.17 0.027 1.70 1.12 0.001

9 15.5 8.93 0.086 0.82 3.130 0.056 5.15 0.180 1.54 3.44 0.001

10

11

12 40.8 26.0 0.071 5.45 0.520 0.056 11.3 0.062 5.55 2.27 0.001

13

14 65.1 45.7 0.350 11.4 1.140 1.260 18.2 0.420 12.8 3.10 0.001

15 33.4 21.7 0.098 1.91 3.480 0.160 9.97 0.061 6.42 4.94 0.001

16 39.4 23.7 0.260 2.64 1.130 0.098 12.9 0.150 5.83 5.56 0.001

17

18

This formula stands for:

σ: standard deviation

Xi: individual data in the set
µ: mean

N: total number of data
∑: sum of values

XX

√ 
6
 

𝑁𝑁𝑟𝑟 

𝑊𝑊 = ∑[𝑠𝑠𝑔𝑔𝑛𝑛 (𝑥𝑥2, 𝑖𝑖 − 𝑥𝑥1, 𝑖𝑖) × 𝑅𝑅] 
𝑖𝑖=1 

iv) Final analyzed Data: Mean, Standard deviation and p values of the Wilcoxon 

text of diseased patients, showing its progress: 

Therefore, using the previous calculated mean:



Preliminary analysis of peripheral blood lymphocytes subpopulations... Carmen López-Medrano García. SEK-Ciudalcampo	 5150	 ORBIS TERTIUS JUNIOR 13

8. DATA ANALYSIS AND DISCUSSION
The main aim of this extended essay was to answer 
the research question: “Is there a difference between 
the concentration of lymphocytes (CD8+, CD4+ and 
PD1+) in peripheral blood of patients infected with 
Staphylococcus aureus bacteraemia in 48 hours, 96 
hours and 7 days post-infection, and with healthy 
individuals?”

The goal was achieved using immunophenotyping 
technique in order to address the SAB, which is a 
public concern, due to the arising antibiotic resistance 
and prolonged hospitalizations.

For the statistical analysis we had focused on specific 
subcellular populations: CD3+CD56- T Lymphocytes, 
which then we differentiate into two subcategories 
CD4+: co-operators and CD8+: cytotoxic. Inside each of 
these groups, another specified type of cells has been 
analyzed in order to fully understand the differences 
observed throughout the bacteraemia evolution.

With the preliminary results, we can observe that 
there is significant difference only in T lymphocytes 
CD4+: PD1+ and in lymphocytes T CD8+: Activated and 
PD1+. This is observed in Table 5, it can observe how 
the percentage of T CD4+ lymphocytes at 48 hours 
are larger than the one at 72 to 96 hours, with a (p 
value= 0.018).

Furthermore, we can observe a similar response in 
the percentage of activated T CD8+ lymphocytes, 
which was also higher at the 48 hours to 72-96 hours 
with a (p value= 0.011). Similarly, the populations 
measured between the 48 hours and the 7 days, 
shows a significant difference in the Activated T CD8+ 
Lymphocytes with a p value = 0.041. Nevertheless, in 
the comparison of the 72 to 96 hours and the 7 days, 
no significant differences have been observed.

The results obtained were in accordance with the 
hypothesis, as there is a higher immune load at the 
begging to try to fight the initial infection. This is 
especially observed in activated CD8+ (48h to 72-96h) 
and (48h-7 days) where the p values reach significant 
number that allow us to accept the alternative 
hypothesis. Furthermore, in Activated CD4+ (48h 
to 72-96h), it is observed how the p values is 0.085, 

almost reaching the significant difference p < 0.05, so 
it is intuited that with a larger sample size, this value 
would have been significant.

In addition, we have observed a significant difference 
in the percentage of T CD8+ lymphocytes, subcategory 
PD1+, which is also significantly higher at the 46 hours 
than in the 72 to 96 hours with a (p value = 0.043). 
It is observed a correlation with high PD1+ and the 
begging of the infection. This occurs due of the PD1+ 
inhibitory receptor which regulates the immune 
response, avoiding it being excessive, according to 
Kondĕlková K, Vokurková D, Krejsek J, Borská L, Fiala 
Z, Ctirad A (n.d).34

Finally, we can observe significant differences between 
the patients with bacteraemia and healthy patients 
in table 6. The significant differences are determined 
in those p values lower than 0.05. The ones at 48 
hours, in the following populations. Activated T CD4+ 
lymphocytes (p value= 0.002) and PD1+ T CD4+ 
lymphocytes (p value= 0.002) and activated T CD8+ 
lymphocytes (p value= 0.003), the percentages are 
shown increased in the cases. This occurs because the 
infection triggers and immune response in the body, 
while in healthy individuals don not show an immune 
response.

In addition, we can observe how there are many 
subpopulations that don’t show a significant 
difference when compared at different times in 
the course of the disease. There is not a conclusive 
answer to this unknown, however, the small sample 
size and the reduced research field, only some types 
of lymphocytes were analyzed, might be the reason 
for the non-significant values. In a future, a further 
investigation could be made subpopulation by 
subpopulation analyzing their specific response within 
a bigger sample size.

iv. Final analyzed Data: Mean, Standard deviation and p values of the Wilcoxon text of diseased patients, 
showing its progress.

TABLE 5: PROCESSED DATA OF SUBPOPULATIONS IN PERIPHERAL BLOOD (EXPRESSED IN PERCENTAGES) IN THE PATIENTS ALONG 
THE COURSE OF S. AUREUS BACTERIA.

MEAN (%) SD (%) MEAN (%) SD (%) MEAN (%) SD (%) P VALUE OF THE WILCOXON TEST

EVALUATION TIME 48 HOURS 72 HOURS 7 DAYS
48 H 

VERSUS 72-
96 H

48 H 
VERSUS  
7 DAYS

72-96 H 
VERSUS  
7 DAYS

CD3+CD56- LYMPHOCYTES

Totals 32.8 ±13.9 35.5 ±15.3 32.5 ±16.7 0.5 0.594 0.657
CD4+ LYMPHOCYTES

Totals 22.6 ±11.6 25.1 ±13.5 21.3 ±12 0.372 0.656 0.859

Activated 0.2 ±0.1 0.1 ±0.1 0.1 ±0.1 0.085 0.756 0.286

Terminal
Effector 6.2 ±4.7 7.9 ±7 6.7 ±8.5 0.157 0.859 0.213

CD57+ 1.8 ±2.3 1.8 ±1.9 1.5 ±1.1 0.523 0.722 0.534

PD1+ 0.3 ±0.3 0.2 ±0.3 0.2 ±0.4 0.018 0.213 0.328
CD8+ LYMPHOCYTES

Totals 8.7 ±4.0 8.7 ±3.4 9.3 ±4.8 0.913 0.286 0.477

Activated 0.5 ±0.5 0.2 ±0.2 0.2 ±0.1 0.011 0.041 0.929

Terminal
Effector 4.5 ±2.4 4.8 ±2.9 5.3 ±3.6 0.306 0.328 0.534

CD57+ 3.5 ±1.8 3.7 ±1.9 3.7 ±2 0.586 0.534 0.424

PD1+ 0.1x ±0.03x 0.001 ±0 0,001 ±0 0.043 0.18 1

Bold: shows significant difference: (p value < 0.05)
x: median and interquartile range has been used as values do not follow normal distribution.

v. p values of healthy control for comparison with the patients (48h post- infection):

TABLE 6: COMPARISON BETWEEN PATIENTS 48 HOURS POST-INFECTION AND CONTROL SAMPLES.

p VALUE (CONTROLS AT 48H)

CD3+ CD56-

Totals 0.401
CD4+ CD8+

Totals 0.694 0.363

Activated 0.002 0.003

Terminal Effector 0.544 0.155

CD57+ 0.160 0.922

PD1+ 0.002 0.06x

Bold: shows significant difference: (p value < 0.05)
x: Mann-Whitney U test has been used as values do not follow normal distribution.



Preliminary analysis of peripheral blood lymphocytes subpopulations... Carmen López-Medrano García. SEK-Ciudalcampo	 5352	 ORBIS TERTIUS JUNIOR 13

11. BIBLIOGRAPHY
1.	 Mendell, Douglas and Bennet, Principles and 

Practices of Infectious Diseases, Elsevier, (9th 
Edition)

2.	 AR;, K. J. (n.d.). Retrieved from https://pubmed.ncbi.
nlm.nih.gov/32172183/

3.	 Kong, C., Neoh, H., & Nathan, S. (2016). Retrieved 
from https://www.ncbi.nlm.nih.gov/pmc/articles/
PMC4810217/

4.	 (N.d.-a). Retrieved from https://www.tandfonline.
com/doi/full/10.1080/21505594.2021.1878688

5.	 Hemmadi, V., & Biswas, M. (2020). Retrieved from 
https://link.springer.com/article/10.1007/s00203-
020-02071-y

6.	 Kwiecinski, J. M., & Horswill, A. R. (2020). Retrieved 
from https://www.ncbi.nlm.nih.gov/pmc/articles/
PMC7244392/

7.	 KB;, T. A. (n.d.-a). Retrieved from https://pubmed.
ncbi.nlm.nih.gov/35942696/

8.	 van Hal SJ;Jensen SO;Vaska VL;Espedido 
BA;Paterson DL;Gosbell IB; (n.d.). Retrieved from 
https://pubmed.ncbi.nlm.nih.gov/22491776/

9.	 DM;, A. L. (n.d.). Retrieved from https://pubmed.
ncbi.nlm.nih.gov/32848271/

10.	B;, H. A. P. (n.d.). Retrieved from https://pubmed.
ncbi.nlm.nih.gov/28807042/

11.	 Hemmadi, V., & Biswas, M. (2021). Retrieved 
from https://www.ncbi.nlm.nih.gov/pmc/articles/
PMC7551524/

12.	(N.d.). Retrieved from https://www.ncbi.nlm.nih.
gov/books/NBK279396/

13.	(N.d.-a). Retrieved from https://medlineplus.gov/
spanish/ency/article/000821.htm#:~:text=La%20
inmunidad%20inn ata%2C%20o%20
inespecífica,defensa%20en%20la%20
respuesta%20inmunitaria

14.	(N.d.-a). Retrieved from https://www.ugr.
es/~eianez/inmun/cap_01.htm

15.	Karauzum, H., & Datta, S. K. (2017). Retrieved 
from https://www.ncbi.nlm.nih.gov/pmc/articles/
PMC5534385/

16.	Jorch SK;Surewaard BG;Hossain M;Peiseler 
M;Deppermann C;Deng J;Bogoslowski A;van der 
Wal F;Omri A;Hickey MJ;Kubes P; (n.d.). Retrieved 
from https://pubmed.ncbi.nlm.nih.gov/31545300/

17.	 Fritz SA;Tiemann KM;Hogan PG;Epplin 
EK;Rodriguez M;Al-Zubeidi DN;Bubeck 
Wardenburg J;Hunstad DA; (n.d.). Retrieved from 
https://pubmed.ncbi.nlm.nih.gov/23446627/

18.	SK;, K. H. (n.d.). Retrieved from https://pubmed.ncbi.
nlm.nih.gov/26919865/

19.	Jacobsson G;Colque-Navarro P;Gustafsson 
E;Andersson R;Möllby R; (n.d.). Retrieved from 
https://pubmed.ncbi.nlm.nih.gov/20383551/

20.	Stentzel S;Sundaramoorthy N;Michalik 
S;Nordengrün M;Schulz S;Kolata J;Kloppot 
P;Engelmann S;Steil L;Hecker M;Schmidt F;Völker 
U;Roghmann MC;Bröker BM; (n.d.). Retrieved from 
https://pubmed.ncbi.nlm.nih.gov/26155744/

21.	Murphy AG;O’Keeffe KM;Lalor SJ;Maher BM;Mills 
KH;McLoughlin RM; (n.d.). Retrieved from https://
pubmed.ncbi.nlm.nih.gov/24623128/

22.	JK;, T. S. S. (n.d.). Retrieved from https://pubmed.
ncbi.nlm.nih.gov/29843476/

23.	Kwiecinski J;Rhost S;Löfbom L;Blomqvist 
M;Månsson JE;Cardell SL;Jin T; (n.d.). Retrieved from 
https://pubmed.ncbi.nlm.nih.gov/23340309/

24.	Shaler CR;Choi J;Rudak PT;Memarnejadian 
A;Szabo PA;Tun-Abraham ME;Rossjohn J;Corbett 
AJ;McCluskey J;McCormick JK;Lantz O;Hernandez-
Alejandro R;Haeryfar SMM; (n.d.). Retrieved from 
https://pubmed.ncbi.nlm.nih.gov/28632753/

25.	Szabo PA;Rudak PT;Choi J;Xu SX;Schaub R;Singh 
B;McCormick JK;Haeryfar SMM; (n.d.). Retrieved 
from https://pubmed.ncbi.nlm.nih.gov/28035011/

9. EVALUATION

i. Strengths
The main strength of this investigation was using 
cutting-edge technology such as the spectral flow 
cytometer which can be used in the medical field. In this 
case, it gives a more specific approach and recollected 
data is concise and relevant to our investigation.

The spectral flow cytometer in comparison with the 
traditional method, has the ability to realize discrete 
measurement on millions of cells in a single sample. 
The ability for the antigen to bind an antibody, and at 
the same time the antibody to fluorophore and later be 
read by transmittance lasers is a unique technology. It 
will be adopted in several fields such as immunology, 
infectious diseases, cancer diagnosis…

Furthermore, this technology allows for several 
parameters to be measured at the same time, 
increasing the capabilities to understand the course of 
the infections and the response of the immune system.

Another strength is the testing for normal distribution 
in the samples. It was differentiated those that had a 
normal and non-normal distribution in order to apply 
specific statistical analysis. To those that don’t follow 
a normal distribution, non-parametrical tests were 
applied.

ii. Limitations
One of the main drawbacks are the reduce number of 
samples in the study, the limited samples size. This may 
lead to uncertain and unprecise data that may affect 
the final conclusion. To improve this, the study needs to 
continue and add more patients to it.

Furthermore, along the process there is a different count 
of alive cells that are passed to the spectrophotometer. 
Even though the cells are count, there is a different 
number of them for each patient, therefore the results 
may differ in their certainty and precision. As the 
spectral flow cytometry counts cells one by one, a 
certain number could be selected in order to be equal 
in all samples.

Finally, as it refers to a laboratory procedure, we 
need to take into account the uncertainties of the 
measuring instruments, even though they are small, 
the significance of the results may differ slightly. There 
may be other external causes to both the disease and 
the patient´s immune system that affects the cell´s 
populations.

10. CONCLUSIONS
Coming to a conclusion for the research question 
“is there a difference between the concentration of 
lymphocytes (CD8+, CD4+ and PD1+) in peripheral 
blood of patients infected with Staphylococcus 
aureus bacteraemia in 48 hours, 96 hours and 7 days 
post- infection, and with healthy individuals?”, we 
have observed significant differences between the 
immunological response inter-patient and between 
the cases and the controls due to the response of the 
body to infections. It is clearly observed how there is 
an increase of T lymphocyte between the 48h and the 
96h, however a drastic decreased is observed in the 7th 
day. This clearly aligns with our hypothesis, in which 
initial stages of SAB would have a higher concentration 
of T lymphocytes.

The results helped us understand which subcellular 
populations where trigger during the immune response 
against SAB. In addition, those markers that don’t 
show a significant difference need to be further study 
in another experimental analysis in which specific 
parameters are measured. However, the goal of this 
extended essay was to determine whether there is a 
significance difference in certain subcellular population 
along the course of the SAB.

The results were conclusive in understanding how 
different immunological markers are activated to fight 
against infections and how, thanks to the spectral 
flow cytometry, a deeper study of the lymphocytes 
subpopulations could be stablished. In other words, 
this could be used in a future for the furthered 
characterization of bacterial infections and perhaps, 
their potential response to antibiotics
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13. ANNEX

1. Whole procedure outlined

1.1 Clinic Samples
For the development of this experiment a total of 18 
patients with bacteremia by S. aureus and 11 healthy 
controls were used. The samples were taken in a 9ml 
EDTA tube from previously diagnosed patients with a S. 
aureus positive blood culture in the “University Hospital 
12 de Octubre” (Madrid, Spain)

The procedure can be divided into three main stages. 
The main goal is to maintain and disturb as less as 
possible the cell, so that all the antibodies present in 
it remain as health as possible. This procedure is also 
developed with the aim of producing all the results 
equally and control.

Prior to the main procedure (recollecting the data), the 
blood samples will come to the laboratory. For storing 
it, we need to separate the human peripheral blood 
mononuclear cells (PBMCs). All the procedure was 
taken in the flow cabin.

1.	 Add 6mL of Ficoll into the bottom of the centrifuge 
tube (15mL).

2.	 Using a pipette, we will softly add the blood to 
fill the container. In this step we need to be really 
careful, so the blood does not touch the Ficoll (toxic 
for the cells).

3.	 Close tightly, Centrifuge at 2000rpm for 30 minutes.
4.	 Now, we will have a tube clearly separated into 

different things. With a pipette obtain the PBMCs.
5.	 We take 10 μL of cells and add 10 μL of Trypan Blue 

Solution, for dying the cells. Later, we will count the 
cells using an Automated Cell Counter.

6.	 Place the cells into a smaller tube and freeze them 
at -80ºC.

2. Antibody Staining

2.1 Thawing of samples

1.	 Add the total sample to a 15mL tube, in which 
previously 9mL of medium Roswell Park Memorial 
Institute (RPMI) (10 % FBS, 1 % penicillin/1% 
glutamine). Heat at 37º C for 30 minutes. The melting 
will be fast to avoid damaging the cells.

2.	 Make a centrifugation of 1000 rpm for 5 minutes at 
room temperature.

3.	 Remove the supernatant. Resuspend the pellet with 
1mL of PBS and then take an aliquot of 10 μL.

4.	 Add 10 μL of Trypan Blue Solution. Later, we will 
count the cells using an Automated Cell Counter. We 
know the cell´s mortality rate.

5.	 Do another centrifuge, remove the supernatant, and 
resuspend in 100 μL of PBS.

6.	 Place the mixture into a tube of 1.5mL and there the 
dying will take place.

2. Fc receptor blocking and non-specific monolith 
binding
Before dying, the resuspension PBMC was incubated in 
5 of Human TruStain FcXTM during 10 minutes at room 
temperature. The fragment crystallizable receptors 
are present in a wide range of cells and could lead 
to false immunofluorescences. Moreover, the use of 
this solution, will avoid unspecific unions between 
monoliths and fluorophores.

3. Labelling with Fluorophore-Conjugated surface 
antibodies
The used antibodies are shown in table 1. All this process 
was made in ice and dark, so no fluorophores activity 
alteration occurs. First individual dyes took place to 
know each concentration, later, multicolor ones.

1.	 The dying process started by adding 1 μL of SYTOXTM 
Blue, incubating it for 30 minutes in the dark, to 
remove dead cells.

2.	 After, a new individual incubation took place with 
CCR7 and TCR antibodies, to avoiding disrupting the 
fluorophore conformation.
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3.	 Then a mixture of the 20 remaining antibodies 
was prepared. Then add 50μL of the mixture to 
each PBMC suspension and do a final 20 minute 
incubation in ice and dark.

4. Washing and Fixing of Samples
1.	 Wash with 500 μL of cell Staining Buffer, centrifuge 

for 5 minutes at 1000rpm.
2.	 The pellet was resuspended in 250 μL of FluoroFixTM 

Buffer and was left incubating for one hour at room 
temperature.

3.	 Finally, they were centrifuge again, and resuspend 
in 500 μL of Cell Staining Buffer. Place in a test tube 
and kept at 4º till their analysis, usually one day.

5. Sample Analysis
Samples were analyzed in Spectral flow Cytometry 
Cytek® Aurora (Cytek® Biosciences Inc.) of 5 lasers 
(ultraviolet 355nm, violet 405nm, blue 488nm, yellow-
green 532nm and red 640nm), 3 dispersion channels 
and 64 fluoresces channels in all the emission spectrum.

As a previous step, a quality test was performed with 
the software SpectralFLo® to ensure the correct laser 
function. For this we use the SpectralFLo® QC Beads, 
it contains a mixture of fluorophores with a range of 
355nm to 650nm. This software also can analyse the 
data.

For the cell´s unmixing it was used a set of references 
fluorochrome spectra. The unmixed data has been 
spectrally deconvolved to separate fluorochromes 
present on each particle. To reduce the error yield, 
previously we compared the control spectra with thee 
expected spectra.

After the raw data is collected, the unmixing documents 
were applied for the population analysis using the 
FlowJoTM software (BD biosciences). Gating took place 
where cellular population of interest were grouped and 
differentiated.

6. Statistical Analysis

6.1 Specific Fluorophore for different cells subtypes
TABLE 7: OUTLINES THE DIFFERENT MARKERS AND ITS 
RESPECTIVE FLUOROPHORES. STATES THE FINAL OBJECTIVE 
AND THE AIM.

MARKERS FLUOROPHORE OBJECTIVE

DEAD CELLS LIVE/DEAD BLUE Cellular Visibility

CD45 PerCP Leucocytes

CD3 BV 510 T Lymphocytes and NKT-like cells

CD4 cFluor YG584 T Lymphocytes CD4+ and NKT-
like cells

CD8 BUV805 T Lymphocytes CD8+, NK y NKT-
like cells

CD25 PE-Alexa 
Fluor700 Regulator T Lymphocytes

TCR yδ PerCP-eFluor 710 T cells yδ

CD56 BUV737 Activation NK, Cells T yδ

CCR7 (CD197) BV421 T cells differentiation

CD45RA BUV395 T Cells Differentiation y dendritic 
cells (DCs)

CD127 APC-R700 Cytokines receptor, T cells 
differentiation and regulators

HLA-DR APC/Fire8104
T cellular activation and 
monocytes, discrimination NK 
lining, lining DCs markers

CD38 PE-Fire810
Activation/ differentiation of 
monocytes, DCs, T and B
lymphocytes

CD2 PerCP/Cyanine5.5 NK Differentiation

CXCRS 
(CD185) BV750 Chemokines receptors and T cells 

differentiation
CXCR3 
(CD183) PE-Cyanine7 Chemokines receptors, DC 

differentiation, T and B cells

CD57 FITC NK and CD8 senescence

PD-1 (CD279 BV 785 T cells receptor inhibition

CD14 SparkBlue550 Monocytes Differentiation

CD16 BUV496 Monocytes differentiation, NK 
and dendritic cells

CCR6 
(CD196) BV711 Chemokines receptors, T and B 

differentiation cells

NKG2A 
(CD159A) APC

Cellular Differentiation and 
activation, NK, NKT-like and Tyδ 
lymphocytes

NKG2C 
(CD159C) PE NK cellular differentiation

INTRODUCTION 
The purpose of this extended essay is to explore 
how responsible World War I was in the end of the 
Russian monarchy in 1918. Certainly, the demise of 
the Russian Empire was significantly influenced by 
World War I. However, there were also additional 
causes, both short and long, that contributed 
to the execution of the Romanov family. This 
extended essay seeks to determine the degree 
to which World War I bears responsibility for the 
fall of the Russian Empire which is marked by the 
execution of the Romanov family.  

To answer this question, this essay will examine 
the economic, social and political consequences of 
World War I on the Russian empire. This essay will 
also discuss and analyse the long and short-term 
causes that led to the end of the Romanov dynasty. 
By analysing both primary and secondary sources, 
including Vladimir Lenin’s speech, academic 
research papers in history authored by historians, 
history books, and other open resources, this 
essay aims to ascertain the extent of World War 
I’s responsibility and other contributing factors in 
the demise of the Romanov dynasty.  

The Russian monarchy, also known as the 
Romanov dynasty, ruled the Russian empire for 
over three hundred years, from the early 17th 
century to 1917, when it collapsed after two 

revolutions. The initiation of the dynasty occurred 
in 1613 when Michael Romanov was chosen by the 
Zemsky Sobor, a form of parliament in existence 
from 1549 to 1684. He was later known as Michael 
I. His grandson, Peter the Great, later transformed 
the previously landlocked country into the 
biggest and arguably the most powerful empire 
in Eastern Europe. Throughout many decades, 
Russia was involved in multiple wars, such as the 
war with the Ottoman Empire (1676–81, 1686, 
1689) and the Empire of Sweden (1788–1790). The 
Russian throne has been occupied by a total of 18 
monarchs, among them notable figures such as 
Catherine the Great, Alexander I, and Peter the 
Great. The last Tsar to get the throne was Nicholas 
II Alexandrovich Romanov, who came to power 
in November 1894 and ruled the empire until his 
forceful abdication in 1917. Later, Nicholas and his 
family were arrested and brutally executed by the 
Bolshevik forces as traitors of the motherland. 
This marked the end of the Russian Monarchy.  

World War I was a major confrontation in Europe 
from 1914 to 1918. It was between the Allies, 
including Britain, Serbia, the USA, Italy, France, 
and Russia. On the other side, Germany, Austro-
Hungary, and the Ottoman Empire formed the 
central powers. The conflict emerged due to long-
standing tension between countries and rivalries 
among European countries. The final catalyst 
that caused World War I was the assassination of 
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WWI’s Impact on the Russian Economy  
World War I profoundly impacted the Russian Empire’s 
economy, making it significantly strained. The Russian 
economy faced inflation, labour shortages, and food 
shortages. The war-related spending was highly 
damaging to the national economy and people. In 1914, 
the Russian government banned the production, sale 
and consumption of alcoholic drinks (Savona et al., 2017, 
194). This decision was made because Tsar Nicholas 
believed maintaining sobriety would lead to a more 
organised army enlistment procedure. However, all the 
income from previously sold alcohol was aimed at the 
governmental budget. The income from the alcohol 
monopoly was significant, as many Russian people 
were actively drinking. For instance, 4% of all people in 
Petrograd were alcoholics (Khwaja, 2017). The alcohol 
ban created a significant gap in the budget. Combined 
with increased military expenses, the budget deficit 
stood at 40% in 1914, 76% in 1915, and 78% in 1916 (Marks, 
2014). As alcohol was an essential part of a peasantry 
lifestyle in Russia historically, the consequence of the 
government abolishing the monopoly and fixed price 
on spirits was that many people felt betrayed as the 
prices were raised on average by up to 34–38 per cent 
on underground-produced vodka and up to 50 per cent 
on wine and other spirits (Savona et al., 2017, 195-197). 
Therefore, by prohibiting alcohol in the country for 
military purposes, the Tsar lost considerable support 
from civilians and widened the budget deficit. 

The Russian Empire in 1915-1916 urgently needed ex-
tra funding since they ran out of resources after a year 
of war. The government needed to print more money, 
which devalued the currency. Inflation resulted in higher 
food prices. By 1916, it was clear that there was a sig-
nificant grain shortage on which the army and peasants 
were dependent as a food source (Gatrell, 2014). This 
led to unrest and discontent, especially in the urban ar-
eas, where agriculture was underdeveloped, as ordinary 
workers could not afford food and other goods. The crisis 
has lowered the living standards in the country as prices 
rose, whereas the purchasing ability did not match the 
actual prices. As a result, Russian society was unhappy 
with the rising prices. For example, the average salary in 
Russia during the war was about 123 rubles, which was 
only 30% of the average salary in Britain and only about 
40% in Germany (Harrison & Markevich, 2012, 3). This 
shows that many people struggled significantly during 
the war because they were short on money.  

Food shortages 
It is challenging to state the accurate number of 
conscripted men during World War I. However, it is 
estimated that around 1.8 million Russian soldiers died, 
and 1.5 civilians men died in total throughout the war 
(Mougel, 2011, 3-4). Over one-third of all 12 million 
industrial workers were forcefully and voluntarily sent 
to the front line, which created a shortage of experts 
and skilled industrial workers. As most Russian peasants 
were farmers, the agricultural industry suffered when 
the conscription began. According to the history 
investigation ‘Russian Peasants and Soldiers during 
World War I: Home and Front Interacting’ regarding 
Russian soldiers and peasants from World War I, 80 to 
89% of all conscripted men were farmers (Bushnell, 2017, 
65 - 66). The lack of men shifted farming to the elderly 
and women. This created a decline in food production 
as they did not meet the standards created by men in 
previous years. In addition, most of the food was taken 
from rural farmers through state-controlled agriculture. 
Most of the food was transported to the frontlines, but 
during the winter, many soldiers were starving as it was 
freezing and harder to transport the food and warm 
clothing. The food shortages damaged the morale of 
the Russian people, and the war discredited the image 
of powerful Russian monarchs with endless agriculture.  

The poor state of the transportation system in the 
Russian Empire, worsened by the demands of the First 
World War, played a significant role in the eventual 
downfall of the Russian monarchy. Even before the war, 
the inadequacies in the railway system were evident, 
requiring urgent maintenance or replacement. As the 
war unfolded, the heavy use of the railway system 
and its poor conditions resulted in a significant portion 
becoming unusable by 1916, 30% of the railways 
required major maintenance (Cvetkovski, 2014). This 
deterioration had far-reaching consequences, as 
essential resources, including wagons and personnel, 
were redirected towards military purposes, leading to 
logistical challenges and shortages of crucial goods in 
cities. As an illustration, (Derrick, 2011) reveals that in 
January 1917, Petrograd required 12,000 wagons of food 
every month, but only 6,500 wagons were delivered 
due to the poor condition of the railways. The shortage 
of imported goods in the city fuelled discontent and 
the same year witnessed the outbreak of the February 
Revolution in Petrograd, leading to the overthrow of 
the Royal family (Siegelbaum, 2016). The decline in 

Archduke Franz Ferdinand in Serbia, who was the heir 
to the Austro-Hungarian throne. Later, the Austro-
Hungarian government declared war on Serbia since 
they claimed that Serbia was responsible for the 
association. Other countries got dragged into the 
war since all of them were tied up in a complicated 
alliance system. World War I ended when Germany 
signed the armistice agreement with the Allies on 
November 11, 1918. The First World War was pivotal in 
the downfall of multiple empires—the Russian Empire 
in 1918, the German and Austro-Hungarian Empires in 
1918, and the Ottoman Empire in 1922. The war was 
responsible for the collapse of the Russian monarchy, 
as it exacerbated existing economic, social, political, 
and military strains, leading to widespread discontent 
and revolution. However, other factors contributed to 
the end of the Russian monarchy in 1918. Therefore, 
this investigation will evaluate to what extent the 
First World War was responsible for the collapse of 
the Russian monarchy. 

 
ANALYSIS 

Long-term causes  
One of the significant long-term causes for the end of 
the Russian monarchy was the First Russian Revolution 
in 1905. The Russian Revolution of 1905 started as a 
series of peaceful demonstrations caused by political, 
economic, and social issues that Russian citizens faced 
(Northeastern University, 2021). Several reasons caused 
those issues. First of all, the government was heavily 
centralised, and the state and wealthy people were in 
control of most of agriculture and gold, which was one 
of the main assets of Russia at the time (Harcave, 1970, 
20-21). Furthermore, this resulted in a vast difference in 
social and economic classes.  

The first Russian Revolution occurred on January 22, 
1905, when protesters invaded the Winter Palace of 
Nicholas II. The soldiers opened fire, and hundreds 
were killed and wounded. This event was called Bloody 
Sunday, which led to a series of violent protests and 
actions in the country (Encyclopaedia Britannica, 
2023). The consequences of this event were severe 
for the Tsar government. The opposition grew rapidly 
as the people’s discontent towards the government 
increased due to the executions being carried out as a 

punishment for the protesters. The revolution favoured 
the rise of revolutionary ideas, and many opposition 
parties were formed, including the Bolsheviks (the 
communist party that would come to power following 
the October Revolution in 1917), Menshveks, and other 
minor political parties (Figes, 2017). In response to the 
revolutionary events, the Tsar established the secret 
police service, which suppressed opposition uprisings 
before imprisoning and eventually executing them 
(Davenport, 2010, 22, 34-36). This move shocked 
society and led people to turn against Nicolas II in 1912. 
Moreover, the February Revolution forced Nicholas II 
to establish the Duma. Duma is intended to be a non-
centralised assembly for creating laws and managing 
the country. This was the first step for the Royal family 
to lose total control over the Empire (History of the 
State Duma, 2023).  

Another factor which contributed to the collapse of the 
Romanov dynasty was Grigory Rasputin. Rasputin was 
a Russian mystic and was introduced to the royal family 
in 1907 when there were hopes of Rasputin healing 
Nicholas’s son, who was suffering from haemophilia 
(Grigori Rasputin | Biography, Facts, & Death, 2023). 
However, many aristocrats and people in power were 
against Rasputin being that close to the royal family, 
which caused a scandal regarding Rasputin’s misdeeds. 
However, the wife of the Tsar insisted on Rasputin 
staging, as his efforts with their son yielded positive 
results. This created tension between the Tsar and the 
other influential individuals who saw Rasputin as a 
fraud (Newman, 2010, 2-3). 

Rasputin had a significant influence on both the Tsar and 
his wife. Rasputin had the power to appoint ministers 
or even participate in military combat planning. In 
Duma, many were against Rasputin being involved in 
the war management and being that close with the 
royal family. Most noticeable is Michael Rodzianko, 
who, in his memoirs (Rodzianko, 1973, 26-28), writes 
about Rasputin being responsible for the revolution 
as he created discontent in the government and the 
military throughout the years of war. Historians also 
often suggest that Rasputin’s controversial reputation 
significantly contributed to the discrediting of the royal 
family, which led to the end of the Russian military 
shortly after Rasputin was killed in December 1916 
(Wilkes, 1934, 184). 
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had worked together to create a provisional government 
(History of the State Duma, 2023). However, the provi-
sional government was incompetent due to high rates 
of corruption and attempted to create a very centralised 
power state (Russian Provisional Government, 2023). 

Bolsheviks and 1917 October Revolution 
This led to Tsar supporters trying to discredit the provi-
sional government and return power to the monarchs. 
However, their attempts failed as, in April 1917, Lenin 
returned to Russia after almost a decade of being in 
political exile after the first February Revolution. Imme-
diately, Lenin sensed the weakness of the provisional 
government and its instability due to ‘dual power’, as the 
government’s ruling was split between Mensheviks and 
members of the Duma, some of whom were supporters 
of the bureaucracy. This created tension in the govern-
ment, and Lenin used this to initiate the revolution. 

This can be seen in his speech, published in the 
‘Pravda’ newspaper from April 12, 1917. Analysing the 
speech, it is noticeable that Lenin used the unstable 
political situation in the country to get the support of 
the peasants. For instance, “It can be seen precisely in 
‘Our government, a government of the capitalists, is 
continuing the war in the interests of the capitalists.” 
thus, he implies that the provisional government is not 
on the side of poor peasants but only continuing the war 
for personal gain (Pravda & Marxists Internet Archive, 
1917, 1-2). Moreover, in this speech, he conveys the value 
message of the Bolshevik party being the only power 
to stop the war and re-establish peace in the country. 
This is evident from “There is only one way to get out 
of this frightful war and conclude a truly democratic 
peace not imposed by force, and that is by transferring 
all the state power to the Soviets of Workers’ and 
Soldiers’ Deputies.” (Pravda & Marxists Internet 
Archive, 1917, 1-2). Through these words, Lenin conveys 
the message that neither the provisional government 
nor the Royal family can stop the war. This source is 
significantly valuable for the investigation as it allows 
for the analysis of the speech in the original language 
(Russian), and from analysing it, it can be concluded 
that Lenin used the war and ruling government as a 
reason for the people’s suffering. Hence, having heard 
his speeches, the peasants concluded that embracing 
the Bolsheviks and ending the monarchy was the sole 
way to end the war and their suffering.  

The October Revolution in 1917 contributed to the 
execution of the Romanov family in 1918. In October 1917, 
the Bolsheviks controlled key governmental buildings 
in Petrograd and created a communist regime. As the 
revolution spread out around the country, new political 
ideology contributed to widespread hatred towards the 
Tsarist regime (Farber, 2018). The leader of the Bolshevik 
Revolution was Vladimir Lenin. Lenin followed the idea 
of a socialist country where the peasants and regular 
people were in power or benefited the most; this is 
again supported in his speeches. This entirely opposed 
the previous Tsarist policies. For example, in the land 
reforms, the land was given to peasants for agriculture 
rather than being owned by wealthy landlords (Badcock, 
2017). The Bolsheviks promised economic equality and 
social justice, gaining support from all the oppressed 
during the Tsarist regime. Revolutionary movements 
and motives regarding radical change in the social and 
economic classes have significantly undermined the 
Romanov family. 

Russian Civil War 
The following Russian Civil War (1917–1922), which 
resulted from the Bolshevik Revolution, played a 
crucial role in the consolidation of power by the 
communist party and the complete end of the Russian 
monarchy marked by the execution of the Romanov 
family. From 1918 to 1922, the Russian Civil War was a 
political-military confrontation between the Red Army 
(communist) and the White Army. Political parties 
united against the Bolsheviks (Ruiz & Zvegintzov, 
2011). The White Army supported the Tsarist regime. 
The conflict had multiple bloody battles, which created 
political instability in the country. The Bolsheviks, with 
a much better-disciplined army, defeated the White 
Army (The Russian Civil War | History of Western 
Civilization II, 2015). The Russian Civil War allowed the 
Bolsheviks to secure control over the Russian territory 
as a ruling party, whereas the monarchs were utterly 
defeated. In addition, the Bolsheviks implemented 
different policies to strengthen their position and 
overthrow the monarchy. For example, they undertook 
nationalisation and collectivisation policies, taking over 
private property (especially land) and then sharing and 
spreading the resources to ensure equality between the 
people (Britannica, 2023). The Bolsheviks also created 
a centralised economy and social and political reform, 
which destroyed the basics of the Russian empire. This 

agricultural output, rising prices, and the collapse of 
the Russian transportation system caused widespread 
suffering in many cities, prompting residents to question 
the government’s control over this crucial aspect. 

 
Russian Military Losses  
The Russian monarchy lost its legitimacy due to the 
losses suffered by the Russian army in World War I. The 
military campaigns of 1915 and 1916 brought terrible 
casualties to the Russian forces, which at times did not 
even have sufficient rifles, or some did not have a rifle 
at all (Llewellyn et al., 2018.). The Russian army was un-
equipped to fight a major war, and neither the political 
or the military leadership was up to the standard 
required (Ray, 2023). The Russian army suffered huge 
losses at the Battle of Tannenberg and at the Battle 
of the Masurian Lakes, which resulted in unrest in the 
army and led to questions being asked about the way 
in which the military was run (Moorhouse, 2013). The 
soldiers were poorly equipped, and the officers were 
barely competent. The decision of Tsar Nicholas II to 
take command of the army created a huge problem in 
the medium term, as he would have to shoulder the 
blame for any defeats himself (Moorhouse, 2013). The 
combination of poor preparation and poor planning 
destroyed the morale of Russian troops and set the 
stage for the collapse of the entire regime in early 1917. 
The nation’s casualties were much higher than those of 
any other country, and its economy was in shambles. All 
of these factors contributed to the end of the Romanov 
dynasty, as they lost the image of influential military 
leaders the royal family always had.  

 
Consequences of War and 1917 February Revolution 
World War I significantly hurt the reputation of the royal 
family. Food shortages, mobilisation, extreme casualties 
at the front lines, and hyperinflation undermined the 
influential authority figure in Nicholas II. Before World 
War I, the war seemed glorious for imperialist countries 
like the Russian Empire, which raised the nation’s spir-
it. However, the war had a completely different impact. 
By the summer of 1915, the support of the socialist par-
ties had significantly grown as they promised peace and 
openly criticised the Tsarist regime (Gaida, 2014). The 
growing discontent among the population during war-
time further strengthened the opposing parties’ posi-

tion (Imperial War Museums.). The first protests began 
during the summer of 1916 in Petrograd as the people 
demanded higher wages and ended the war. However, 
none of their needs were met, and the number of people 
on the streets grew exponentially monthly. On January 
9th 1917, about 140,000 people were outside, striking 
on the 12th anniversary of the bloody Sunday. Later, on 
February 23rd (March 8th, New Style), 1917, the first out 
of two revolutions that year started in Russia. Notably, 
the resolution was not planned or organised by any po-
litical group. There, about 130,000 men were protesting 
the regime; as a coincidence, Women’s Labour Day was 
celebrated on the same date; therefore, even more indi-
viduals were present (Figes, 2017). A few days later, on 
February 25th, already 200,000 people were protesting, 
and minor clashes started occurring between the protes-
tants and police. Notably, there were cases of red com-
munist supporting flags and opposition banners that be-
gan to appear in the crowd (Figes, 2014). Therefore, the 
25th of February contributed to the end of the Romanov 
dynasty as people were no longer scared of openly sup-
porting the opposition.  

The following day, Nicholas II ordered for shots to be 
fired by the police and now involved the military. Fifty 
people were killed in Znamenskaya Square, and many 
more were injured (Figes, 2014). Notably, the civilian 
connection to military personnel motivated soldiers to 
align with the protesters, as many of them had friends 
or relatives within the armed forces. For instance, the 
military unit of the Pavlovsky Life Guards Regiment, 
shocked by the numerous murders, joined the 
protestants and clashed with the police on February 
27th (Figes, 2014). Thus, the poor response from 
Nicholas II to the protestants have led the royal family 
to lose control over the significant military forces and 
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ing private meetings (History of the State Duma, 2023). 
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many protestants saw Duma as a possible way out for 
them. The discontent was also occurring in the mili-
tary, as two officers shot their commanders instead of 
the protesters. By the end of February, the Tsar had lost 
control over Petrograd, and the Mensheviks and Duma 
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strengthened Bolsheviks, with their radical economic 
and political reforms, pushed the Russian empire’s fall 
and started the Soviet Union. Lastly, the Russian Civil 
War contributed to the execution of the Romanov 
family. Bolsheviks have executed Nicholas and his 
relatives with the intention to eliminate any threat of 
the Tsar coming back to power and leading the white 
army. Moreover, they intended to eliminate any threat 
to their power (Blakemore, 2018). 

 
CONCLUSION 
In conclusion, the end of the Russian monarchy in 
1917 was a complex event, with numerous factors 
contributing to it. With reference to the arguments 
provided above, it is evident that World War I was 
significantly responsible for the ending of the monarchy; 
it was not the only reason.  

The First World War was primarily responsible for the 
end of the Russian Monarchy; it strained the Russian 
economy through a labour shortage; the war created 
discontent among the population as hyperinflation 
significantly damaged the population, and the food 
shortages led to thousands of people dying. The war 
revealed the incompatibility of the Tsarist command 
and how poorly prepared Russian forces were for the 
war. Moreover, World War I discredited the Romanov 
family, which led for them to lose control over the 
military and the duma in 1917. However, World War I 
was not the only reason.  

One of which was the First February Revolution, which 
allowed the opposition parties to get public support. 
Furthermore, the February revolt in 1917 resulted in the 
creation of an incompetent provisional government, 
which further undermined the Tsar. The October 
Revolution, led by Lenin and the Bolsheviks with the 
intention of overthrowing the provisional government 
and what was left of the Monarch supporters, succeeded 
and led to the creation of the Soviet Union. The 
subsequent Russian Civil War allowed the Bolsheviks 
to take control of the whole country. Lastly, the 
involvement of Grigory Rasputin in the management of 
the country and his influence over the Tsar and his wife 
added to the controversy. They increased the tensions 
in the Russian government.  
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INTRODUCTION

The very nature of humanity is characterized by 
the desire to love and to be loved. In general, 
there is an idealized conception of love in society. 
People generally think of love as a positive feeling 
involving passion, intimacy, and commitment, but 
it is much more complex. Trust and affection are 
present in a love relationship, but so is resentment 
and disagreement. Love is governed by two 
dichotomic forces: Eros and Thanatos. These 
coexist and intertwine, and though there’s some 
aspects that clearly resonate with one of them, 
the vast majority are affected in various measures 
by both. Love is a powerful force that can 
transcend time and distance. It has been a popular 
topic in literature since its beginning. This is why 
many works that have been written millennia 
or decades ago can still be relevant today; love 
is something we can all relate to. With the title 
characters being regarded today as archetypal 
young lovers, there is no denying the impact that 
Shakespeare’s Romeo and Juliet has had on society 
and culture. Not only have there been numerous 
theatrical and big screen adaptations, such as 
Romeo and Juliet (1968) and Romeo + Juliet (1996), 
but it has inspired countless literature works, art 
pieces and movies or TV shows. It is clear Romeo 
and Juliet transcends time and space in a way no 
other play ever has, still being relevant nowadays. 
Shakespeare illustrates how many themes such 
as love, conflict, family, and death intertwine with 
each other. All of this prompts the question: To 

what extent is the dichotomy of Eros and Thanatos 
present in the characters of Shakespeare’s Romeo 
and Juliet? This essay will attempt to answer 
this question by analyzing a set list of characters 
(Romeo, Juliet, Benvolio, Mercutio, Friar Lawrence 
and the servants) through the lens of Freud’s Eros 
and Thanatos concepts. 

English playwriter William Shakespeare (1564-
1616) wrote some poems, but he is famous for 
his romances, comedies, and tragedies, among 
which we find Romeo and Juliet. He was part of 
the English Renaissance movement and the Italian 
influence during that time led him to setting 
Romeo and Juliet in Verona, Italy.

There is a duality in the drives in the Freudian 
psychoanalytic theory: Eros and Thanatos. 
Eros represents the life instinct, or the drive for 
creation, preservation, and pleasure. Thanatos, 
on the other hand, represents the death instinct 
or the drive towards destruction and aggression. 
Freud proposed that these two fundamental 
drives, Eros and Thanatos, are fundamental forces 
that shape human behavior and motivations. 
These concepts were introduced in Freud’s later 
works, notably in Beyond the Pleasure Principle”, 
published in 1920. In this work, Freud explored the 
idea that human drives are not solely motivated 
by the pursuit of pleasure (as suggested by his 
earlier work on the pleasure principle) but are 
also influenced by a force that seeks to return to 
a state of inactivity and death. Freud’s exploration 
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Juliet: “Well Juliet, I will lie with thee tonight” (Act 5, 
Scene 1). Romeo’s final statement refers to the Prologue, 
in which the lovers’ “star-crossed” lives are sacrificed to 
put a stop to the conflict: “O here / Will I set up my 
everlasting rest;  / And shake the yoke of inauspicious 
stars; / From this world wearied flesh.” (Act 5, Scene 3)

In conclusion, Romeo’s character embodies both 
Eros and Thanatos. His passionate love for Juliet 
is a manifestation of eros, while his impulsive and 
destructive behavior, his tendency towards despair, 
and his willingness to die for love are all manifestations 
of thanatos. These two forces are in constant conflict 
within Romeo, and ultimately lead to his tragic end.

Juliet
At the outset, Juliet’s character is presented as a 
product of her environment, a young girl obedient to 
the societal expectations placed upon her, obedient, 
naïve, and sheltered. Her response to Lady Capulet’s 
mention of Paris’s interest in marriage reflects a 
childlike compliance, an adherence to duties without an 
earnest consideration of love. This initial portrayal sets 
the stage for Juliet’s transformative journey, which is 
characterized by Eros and Thanatos.

Juliet experiences a love so intense and passionate 
for Romeo that it serves as a prime example of Eros. 
Her profound affection and attraction to him drive 
the narrative of the play. She is willing to defy the 
expectations and demands of her family and society, 
willing to risk it all for the sake of love. This unwavering 
devotion exemplifies her strong desire for love and 
human connection, which aligns with the life instinct 
represented by Eros. The crux of Juliet’s evolution lies 
in her encounter with Romeo. She instantly falls in 
love with him, despite being his enemy: “My only love 
sprung from my only hate! / Too early seen unknown, 
and known too late!” (Act 1, Scene 5). While her love 
for him is profound, it is noteworthy that she does 
not blindly follow him. Instead, Juliet exhibits a critical 
awareness of Romeo’s impulsiveness and tendency 
to romanticize situations. This duality in her character 
marks the beginning of her transition from innocence 
to a more mature understanding of love. Romeo is 
banished after killing Tybalt, but Juliet does not follow 
him mindlessly. She comes to the sensible and sincere 

conclusion that her love and devotion to Romeo must 
be her top objectives. In essence, Juliet untangles herself 
from her previous social anchors (her parents, her 
nurse, and her social standing in Verona) in an attempt 
to get reconnect with Romeo. In the pivotal scene 2, 
act 2, she takes the lead, with double Romeo’s lines, 
taking an active role in the expression of her love. Her 
declarations are not merely emotional but are couched 
in profound imagery, illustrating her intellectual depth. 
The assertion that her “bounty is as boundless as the 
sea” (Act 2, Scene 2) portrays a love that transcends 
conventional limits. With total assurance that marriage 
is what she wants, she is the one that makes the 
proposal “If that thy bent of love be honorable, / Thy 
purpose marriage, send me word tomorrow” (Act 2, 
Scene 2). As Juliet’s love for Romeo deepens, so does 
her determination to defy societal norms and familial 
expectations. The decision to reject Paris as a suitor is not 
just an act of rebellion; it is a testament to her growing 
passion and an early indication of her willingness to 
prioritize personal desires over societal obligations. 
When Romeo is banished after killing Tybalt, Juliet 
makes the decision to put her love for her family aside 
in favor of her new husband. This is clear as she says 
“my husband lives, that Tybalt would have slain / And 
Tybalt’s dead, that would have slain my husband / All 
this comfort. Wherefore weep I then?” (Act 3, Scene 3). 
The interchange in the position of the words “husband” 
and “Tybalt” shows the switch in Juliet’s priorities. Her 
husband, Romeo, is now more important to her than 
her family, which would essentially be the meaning of 
marriage in that time, Juliet is not a Capulet anymore. 

One of the most profound and tragic expressions of 
Thanatos in Juliet’s character is her readiness to take 
her own life when she believes Romeo is dead. Her 
decision to end her life in the name of love represents 
the death instinct in a dramatic and devastating 
manner. Juliet’s actions, such as secretly marrying 
Romeo and deceiving her family, can be interpreted as 
acts of rebellion against the established social norms 
and expectations of her time. She says, “If all else fail, 
myself have power to die” (Act 3, Scene 5). Her defiance 
challenges the societal order and can lead to destructive 
consequences. This defiance aligns with the concept of 
Thanatos, as it illustrates how love, when taken to an 
extreme, can disrupt the established societal structures 
and result in tragic outcomes. Collaborating with Friar 
Laurence, Juliet takes a significant risk by deciding to 

of Eros and Thanatos reflects his broader attempt to 
understand the complexities of the human psyche and 
the underlying forces that influence human behavior. 

Romeo
The son of the Montagues, Romeo, is clever, quick-
witted, enjoys verbal sparring, loyal, and not afraid 
of danger. He is characterized by his passionate, and 
sometimes impulsive and hot-headed personality. 
Romeo feels a love so pure and passionate that he 
commits  suicide when he thinks Juliet, the object of 
this love, has passed away. Eros and Thanatos are, 
therefore, clearly represented in him. He develops 
towards the status and figure of tragic hero throughout 
the course of the play as a result of his love for Juliet and 
his unfortunate engagement in the feud, that incites 
death. This marks his transition from adolescence to 
adulthood. 

Romeo’s relation to Eros is not simple, and the author 
wants the reader to understand he doesn’t belong in 
a world with this baseless feud, but in one of love. His 
profound capacity for love is only a small portion of 
his overall ability for strong emotions of all types, he is 
incapable of moderation. It’s important to note Romeo’s 
dual roles in the play: initially, as a sorrowful lover in 
the play’s opening scenes, and later, as Juliet’s secret 
love. He is first presented as an immature adolescent, 
a Petrarchan lover: a man who idealizes his mate, 
infatuated with a lover who doesn’t reciprocate his 
feelings, using the poetic language of sonnets to express 
his emotions. Owing to this exaggerated language 
in his early parts, Romeo comes across as a youthful, 
inexperienced lover who seems more in love with the 
idea of being in love than with Rosaline. Romeo enjoys 
reading love poetry, and the way in which he expresses 
his affection for Rosaline shows that he is attempting 
to reproduce the emotions he has read about. He 
affirms he could never be fooled into loving another, as 
Rosaline is the fairest, “the all -seeing sun / Ne’er saw 
her match since first the world begun” (Act 1, Scene 
3). But then, at the Capulet feast, he falls in love with 
Juliet at first sight. The artificiality of his devotion for 
Rosaline becomes clear to him, in “Did my heart love till 
now? Forswear it, sight / For I ne’er saw true beauty till 
this night” (Act 1, Scene 5). The first time Juliet is kissed 
by Romeo she says, “you kiss by th’ book” (Act 1, Scene 

5), implying that even though it’s effective and adept, 
the way he kisses lacks originality. When it comes to 
his love for Rosaline, Romeo loves according to what 
he has read, by the book. He naturally forgets Rosaline 
when he first sees Juliet. But Juliet is more than just 
Rosaline’s replacement. Compared to the clichéd love he 
has for Rosaline, the love Juliet exchanges with Romeo 
is significantly more profound, more real, and more 
special. After this encounter, there is a progressive 
deepening and maturing of Romeo’s love, from a 
fleeting, shallow longing for love to a deep, passionate 
love. Romeo’s language changes throughout the course 
of the play, reflecting his growing sophistication as a 
lover. He starts  speaking in rhyme and blank poetry, 
which makes his speech appear less contrived and more 
natural. 

Romeo is symbolized by Thanatos and the tendency 
towards death, aggression and destruction, in many 
aspects. In fact, he was compelled by love to enter his 
enemy’s daughter’s garden covertly, risking his life just 
to see her. He does so again after the clash between 
the lovers’ private world  and the  public world of the 
feud are brought about by Tybalt’s untimely death. In 
one ill-fated incident Romeo murders Tybalt to exact 
revenge for Mercutio’s murder, representing Thanatos. 
This sets in motion a chain of events that ultimately 
leads to his and Juliet’s deaths. If Romeo had refrained 
from killing Tybalt or delayed his suicide by even one day 
after learning of Juliet’s passing, everything could have 
turned out well.  Nonetheless, Romeo’s love for Juliet 
would not have existed if he hadn’t experienced such 
depths of emotion. Romeo’s persona is characterized by 
this extreme behavior throughout the play, which adds 
to the lovers’ ultimate tragedy. After he is banished, 
he is consumed by his love for Juliet and his despair at 
their separation. He even contemplates suicide, saying 
“There is no world without Verona walls / But purgatory, 
torture, hell itself. / Hence “banished” is “banished 
from the world” / And world’s exile is death” (Act 3, 
Scene 3). This shows that Romeo sees banishment as a 
form of death, and that he is willing to die rather than 
live without Juliet. He acts like a young child, and his 
language shows hysteria, for example “Heaven is here 
/ Where Juliet lives, and every cat and dog / And little 
mouse, every unworthy thing, / Live here in heaven and 
may look on her, / But Romeo may not” (Act 3, Scene 3). 
Romeo commits suicide out of despair after learning of 
Juliet’s passing. The only thing he wants is to be with 
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MERCUTIO
Romeo’s friend is often associated with the liveliness 
and energy from Eros, though not in the sense of 
the traditional romantic love. He showcases a certain 
eroticism and zest for life through his witty banter and 
sexual innuendos, such as “O, that she were / An open-
arse, thou a pop’rin pear.” (Act 2, Scene 2). He is also 
extremely loyal to Romeo, showing him other points 
of view out of care and love for him. Mercutio is a foil 
character, who balances the lover, Romeo, by being a 
skeptic. As such, he warns him about falling in love, “If 
love be rough with you, be rough with love. Prick love 
for pricking, and you beat love down.” (Act 1, Scene 4). 
Later on, he admonishes Romeo when saying “True, I 
talk of dreams, / Which are the children of an idle brain, 
/ Begot of nothing but vain fantasy” (Act 1, Scene 4), 
mocking his idyllic ideas and dreams, demonstrating his 
care for his friend’s mental state and future. 

This is the culmination of the Queen Mab speech, in 
which Mercutio delves into dark and fantastical themes, 
which can be seen as a reflection of his engagement 
with the morbid and destructive aspects of human 
desires, symbolizing Thanatos. More obviously, his 
reckless behaviour, disregard for social norms and 
confrontational nature contribute to the manifestation 
of this death instinct, which, conveniently, ends with 
his death. He incites violence by saying “And but one 
word with one of us? / Couple it with something. Make 
it a word and a blow.” (Act 3, Scene 1) and then he dies 
in said confrontation after being stabbed. Shakespeare 
tries to warn the reader of the dangers of losing reason 
in the throes of passion, letting Thanatos guide you 
with no regulation. 

In summary, Mercutio in Romeo and Juliet embodies the 
dichotomy of “Eros” and “Thanatos.” His lively and loyal 
nature represents Eros, while his reckless behavior and 
tragic demise reflect Thanatos. Shakespeare skillfully 
weaves these contrasting forces into the character, 
offering a poignant exploration of the complexities 
between the life and death instincts in human nature.

Friar Lawrence
Friar Lawrence is the character both the lovers go to 
when they need advice or help. Thus, he ends up playing 
a crucial role in facilitating the romantic relationship 
between them. 

He can be associated with Eros not only with his role 
as counsellor, but also as mediator, as he attempts 
to reconcile the feud between the Montagues and 
the Capulets. Though he is reluctant to marry the 
title characters at first, he thinks of this union as an 
opportunity to soften division in the city, as seen when 
he agrees to marry Romeo and Juliet in “In one respect 
I’ll thy assistant be, / For this alliance may so happy 
prove / To turn your households’ rancor to pure love.” 
(Act 2, Scene 3). His initial intention to bring about 
peace and harmony reflects a desire for a positive, 
life-affirming outcome. His willingness to perform 
the ceremony, despite the obvious risks stems from a 
hopeful belief that their union could unite the warring 
families and bring love to the forefront, fostering a 
sense of community and understanding.

The darker elements of Thanatos become apparent 
in Friar Lawrence’s risky and unconventional plans to 
help the title characters. His decision to provide Romeo 
with the potion for Juliet and orchestrate their secret 
marriage reveals a willingness to engage with the 
potentially destructive consequences of his actions. 
He predicts them when saying “These violent delights 
have violent ends” (Act 2, Scene 6). The Friar’s decisions 
lead to a series of events that culminate in the death of 
Romeo, Juliet, and ultimately, himself. This connection 
with death and the tragic consequences of his actions 
aligns with the themes associated with Thanatos.

His initial intentions of fostering love and peace align 
with Eros, while his involvement in risky plans that 
contribute to the tragic outcomes connects him with 
the darker, death-driven aspects of Thanatos. Friar 
Lawrence’s character serves as a reflection of the 
complex and often contradictory nature of human 
motivations, contributing to the intricate tapestry of 
Romeo and Juliet.

fake her own death. Juliet is forced to choose between 
facing the devastation and disarray that her impulsive 
behavior has caused and accepting the consequences, 
or living a life of regret and obfuscation, hidden away 
from everything that she has ever known. She chooses 
a life with Romeo, notwithstanding the expected 
life conditions. This choice not only underscores the 
intensity of her love but also foreshadows the tragic 
events that unfold. Juliet’s response to Romeo’s death 
is not one of weakness but of courage. “What if this 
mixture do not work at all? Shall I be married then 
tomorrow morning? (She takes out her knife and puts 
it down beside her) No, no, this shall forbid it. Lie thou 
there” (Act 4, Scene 3). She is scared that the potion 
won’t work that she takes a knife just in case. Through 
the stage directions, Shakespeare illustrates she would 
rather kill herself than marry Paris and betray Romeo. 
In fact, after Romeo’s death she could have gone back 
to her family. There were many points in time she could 
have said no, or found an out to the situation, but she 
chose Romeo at every turn. Ultimately, she decided 
to die for love rather than live without it. Her decision 
to take her own life is an act driven by the profound 
intensity of her love, challenging traditional notions of 
femininity and portraying her as an equal partner in 
the tragedy. Juliet’s suicide is a symbolic act that goes 
beyond a mere response to grief. Choosing to stab 
herself through the heart with a dagger, she takes 
control of her destiny, echoing Romeo’s earlier act. 
“Then I’ll be brief. O, happy dagger, / This is thy sheath. 
There rust, and let me die” (Act 5, Scene 3). She refers to 
her body as the sheath of the dagger, cleverly implying 
that this was always meant to be, as the death of Romeo 
would always lead to hers. This deliberate choice to end 
her life adds layers to her character, emphasizing her 
agency and determination even in the face of death. 

In summary, Juliet’s journey through Eros and Thanatos 
showcases a nuanced and multidimensional character. 
Her love for Romeo is not just a romantic ideal; it is a 
force that propels her towards maturity, defiance, and 
ultimately, a tragic confrontation with mortality. The 
interplay of love and death in Juliet’s character adds 
depth to her portrayal and contributes to the enduring 
resonance of Romeo and Juliet.

BENVOLIO
Romeo’s cousin Benvolio is represented throughout 
the play as a kind and respectful gentleman. He, in 
fact, embodies Eros through his desire for peace and 
love. This is stated at the start of the play when he 
says “Part, fools! / Put up your swords. You know not 
what you do.” (Act 1, Scene 1), as he tries to stop a fight 
brewing between the Capulets and the Montagues, 
displaying a genuine concern for maintaining harmony. 
Shakespeare also named him Benvolio as a nod to his 
personality, as it means “goodwill” in Italian. He is a true 
friend to his cousin, showing concern for his well-being 
and reflecting a compassionate and caring disposition. 
An example is his conversation with Romeo about his 
unrequited love in which he promises his loyalty in 
helping him move on, “I’ll pay that doctrine or else die 
in debt.” (Act 1, Scene 1), expressing his desire to help 
his cousin. 

However, the darker side of humanity appears as 
Thanatos when he engages in a brawl with Tybalt that 
results in Mercutio’s death. In “We talk here in the public 
haunt of men. / Either withdraw unto some private 
place, / Or reason coldly of your grievances, / Or else 
depart.” (Act 3, Scene 1). Though he doesn’t appear to 
be physically involved, he didn’t oppose the idea of the 
fight in the preceding conversation, merely suggesting 
switching places to avoid the prince’s anger. 

This tragic event clearly highlights he destructive 
potential that exists even in characters that are mainly 
driven by life instinct, such as Benvolio. Shakespeare 
effectively shows the even the most unexpected people 
have a dark potential, as humans are layered, and we 
are driven by both Eros and Thanatos. 

"He is a true friend to his 
cousin, showing concern for 
his well-being and reflecting 
a compassionate and caring 
disposition".
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SERVANTS
Gregory and Sampson are servants of the house of 
Capulet, while Abram is a serving man for the Montague 
family. In broad terms, their loyalty and love towards 
their masters, Eros, leads them to fight to the death, 
Thanatos. 

These servants display a form of loyalty to their 
respective families as seen in “The quarrel is between 
our masters and us their men” (Act 1, Scene 1). Their 
readiness to engage in physical confrontations and 
follow the orders of their masters suggests a sense of 
duty and devotion, aligned with family and allegiance. 
Sampson and Gregory, in particular, engage in 
provocative banter and crude humor in “When I have 
fought with the men, I will be civil with the maids; 
I will cut off their heads.” “The heads of the maids?” 
“Ay, the heads of the maids, or their maidenheads.” 
(Act 1, Scene 1). Their language and behavior reflect a 
certain fascination with sexual themes, aligning with 
the broader theme of Eros present in the play. 

However, the servants embody the violent nature 
of the feud, Thanatos. Their initial provoking for a 
confrontation in “I will bite my thumb at them, which 
is disgrace to them if they bear it” (Act 1, Scene 1), 
escalates quickly, and their willingness to draw their 
swords indicates their readiness to participate in 
the deadly feud. In their role as supporters of their 
respective households, they face the consequences 
and are symbolic representations of the broader social 
forces that perpetuate the cycle of violence and death 
in Verona. Their actions and attitudes contribute to 
the overall atmosphere of hostility and danger that 
surrounds the main characters.

All of the servants play a role in embodying and 
perpetuating the themes of Eros and Thanatos through 
their loyalty, aggression, and involvement in the 
ongoing feud between the Montagues and Capulets.

CONCLUSION
The dichotomy of “Eros” and “Thanatos” intricately 
shapes Shakespeare’s Romeo and Juliet, driving 
characters towards a tragic conclusion. Each character 
embodies these opposing forces, showcasing the 
complexity of human nature and the profound impact 
of love and death.

Romeo, the ardent lover, epitomizes Eros with his 
passionate nature. His journey from infatuation to deep 
love demonstrates the transformative nature of eros, 
but impulsive actions lead him to thanatos, contributing 
to his tragic fate.

Juliet embodies Eros with intense love, defying societal 
norms. Yet, actions driven by this love lead her to 
Thanatos, her suicide.

Benvolio represents goodwill and peace, embodying 
the life-affirming nature of Eros. However, unexpected 
thanatos emerges when he brawls with Tybalt, 
resulting in Mercutio’s death.

Mercutio brings forth the vibrant aspects of Eros but 
succumbs to thanatos due to recklessness, leading to 
his demise.

Friar Lawrence, a mediator, represents Eros through 
desire for union but aligns with Thanatos through risky 
plans.

Even minor characters, the servants, exemplify the 
interplay of Eros, through loyalty, and Thanatos, 
contributing to an atmosphere of hostility and danger.

In essence, Romeo and Juliet explores the complex 
interplay between Eros and Thanatos, shaping 
characters’ motivations, actions, and tragic destinies. 
The play’s enduring relevance lies in its profound 
portrayal of timeless themes, resonating with audiences 
across centuries and cultures.

"Gregory and Sampson are servants of the house of Capulet, 
while Abram is a serving man for the Montague family. In broad 
terms, their loyalty and love towards their masters, Eros, leads 
them to fight to the death, Thanatos". 
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1. INTRODUCTION

IKEA, founded in 1943 
in Sweden by Ingvar 
Kamprad, has not only 
established itself as 
a global leader in the 
furniture and home 
furnishings industry 
but is also known 
for their innovative 
designs, affordability, and a unique shopping 
experience (IKEA,2023). The aim of this extended 
essay is to answer the question ‘’ To what 
extent has Ikea’s use of neuromarketing affected 
consumer behaivour and brand loyalty?’’. The 
company’s distinctive blue and yellow signage is 
recognised around the world, and the influence 
of neuromarketing in shaping IKEA’s success 
cannot be overlooked. By employing techniques 
that affect consumers on a subconscious level, 
such as sensory branding, visual merchandising, 
and emotional triggers, IKEA has forged a distinct 
brand identity.

The aim of neuromarketing is to use the knowledge 
of neuroscience and cognitive science to accurately 
identify customer needs, desires, and preferences, 
in order to improve sales (Send Pulse, 2023). The 
use of neuromarketing strategies has significantly 
accelerated within the business world in recent years. 
As consumer preferences become more complex 
and competitive pressures intensify, companies 
are increasingly turning to neuromarketing to gain 
a deeper understanding of their target audiences 
and how to get them to buy their products. 
IKEA illustrates and extremely effective use of 
neuromarketing. IKEA has succeeded in developing 
a fully immersive retail environment that appeals to 
both the conscious and subconscious mind, causing 
effects on brand loyalty.

The way that organizations approach marketing 
techniques has been reshaped by neuromarketing’s 
examination of the subconscious factors that 
influence consumer behaviour (Harell, 2019). The 
case of IKEA demonstrates how the integration 
of neuromarketing may increase a brand’s 
performance by building emotional connections 
and matching to customers desires.

Investigating the 
effect of IKEA’s 

Neuromarketing
To what extent has Ikea’s use of 

neuromarketing affected consumer behaviour 
and brand loyalty?

Ignacio Narro Tebar
SEK-Qatar
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But the fixed path design employed by IKEA means 
you stay in the store longer, and you get exposed to 
most of the brand’s products.

Figure 1 (Takuma Kakehi, 2019)

In order for the consumer to spend more money 
in IKEA, the shops are designed almost like a maze, 
where there is only one exit. In the entrance of IKEA, 
consumers are greeted in a welcoming atmosphere, 
designed to trigger positive emotions to become 
more vulnerable to buying. Right in the entry, IKEA 
strategically positions affordable, small items. These 
are usually decorative items to capture shoppers 
atention and encourage immediate purchases. This 
is a phenomenon known as impulse buying (Crocket, 
2022). The release of dopamine, a neurotransmiter 
that is connected to pleasure and reward, is linked 
to impulse buying. Dopamine can be released in 
response to sensory stimuli in a store which results in 
a satisfying feeling while making impulsive purchases 
( Numerica Credit Union, 2023). Within the IKEA 
entrance, costumers are stimulated with low prices 
and trendy decor. These aesthetic encounters can 
stimulate the brain’s dopamine circuits, affecting 
consumer behaviour.

Atier the dopamine levels have been altered in the 
entrance, consumers move onto the showrooms.

Here is where all of IKEAS furniture is displayed, but 
they do so in a strategic manner.

-	 Realistic room setups: The reason why IKEA’s 
rooms setups work effectively to sell the products 
is because they are realistic. In the showrooms, fully 
furnished bedrooms are presented, which taps into 
the costumer psychologically to allow the consumer 
to imagine to visualize their ideal living space with 
IKEA’s products (Dudovski, 2022). It transforms an 
ordinary bed to the potential long-term bed to a 
consumers daughter. This is the neuromarketing 
technique of appealing to emotions, making the 
consumer more likely to purchase.

-	 Connection between costumer and product: As 
mentioned, showrooms realistic and can appeal to 
the consumers emotions, but it also creates a deeper 
connection to the product. The showrooms don’t sell 
specific furniture, they sell a lifestyle. The carefully 
chosen color schemes, the strategic placement of 
items, It all works together to create a sense of 
feeling at a comfortable space.

-	 Designed to influence: IKEA’s showrooms display 
all possibilities, they are all gallery of someone’s 
potential future. The aesthetic layout using the 
current trends in interior design can influence the 
consumer to buy IKEA’s products to design their 
homes the same way.

Figure 2 (Croteau, 2023)

2. RESEARCH AND METHODOLOGY
For this essay, secondary research was undertaken to 
examine IKEA’s use of neuromarketing and the effects 
on consumer behaviour and brand loyalty. A wide 
variety of websites, articles, internet sources are used in 
this analysis. For this investigation, secondary research 
is more adequate thanks to the trustworthiness and 
diversity of the resources.

Neuromarketing techniques are a crucial aspect that 
affect a clients decision making, as it provides an insight 
on what a company does to influence individuals to 
make purchases. In order to examine how IKEA’s use 
of neuromarketing has affected consumer behaviour, 
a research on the neuromarketing strategies employed 
by IKEA will be conducted to understand how these 
impact consumer behaviour. In addition, Hawkins Stern 
Buying Model, a tool in consumer behaviour research, 
will be used to examine the stages customers go 
through while making purchase decisions impacted by 
neuromarketing.

To examine how IKEA´s use of neuromarketing 
techniques enhance brand loyalty, the tool ´´brand 
pyramid´´ will be employed. The brand pyramid is a tool 
that helps understand how brand loyalty is influenced 
by neuromarketing techniques. The Brand Pyramid 
covers the five phases that consumers experience as 
they get to know a brand, from the moment the client 
discovered the brand until they create a bond with it. 
A businesses goal should be to get as many costumers 
to the higher levels of the pyramid, since as the higher 
a client is up the pyramid, the more money the client is 
likely to spend with your brand (MindTools, 2023).

"Neuromarketing techniques 
are a crucial aspect that affect 
a clients decision making, as 
it provides an insight on what 
a company does to influence 
individuals to make purchases".

3. IKEA’S NEUROMARKETING 
STRATEGIES: HOW THEY INFLUENCE 
CONSUMER BEHAVIOUR
IKEA has mastered the art of influencing consumer 
behaviour through neuromarketing. The stores are 
designed to make consumers spend more money, and 
this is done by means of psychological strategies and 
design elements.

IKEA intentionally place its stores outside the city 
centres, in the suburbs, to force costumers to travel to 
them. The neuromarketing techniques on this strategy 
become operative since costumers know that in these 
areas, you will be able to find ample free parking 
or gas stations, making the stay at the store more 
comfortable, allowing customers to seamlessly stay in 
the store for hours. The more hours a customer spends 
in the store, the greater the potential for increased 
sales for IKEA. In order to shop at IKEA, clients have 
to willingly go there, almost like a ‘’trip out of town’’. 
This psychologically affect costumer behaviour as the 
willingness for a costumer to travel implies a certain 
level of commitment, and once customers have invested 
time and effort in geting to the store, they are more 
likely to fill out their cart (Clinehens, 2021). A costumer 
goes from looking for searching needs, to making use 
of the visit to IKEA. This behavioural effect is due to the 
concept of commitment and consistency in psychology. 
It is normal for costumers to align their actions with 
their previous commitments, which in this situation is 
making the journey to IKEA. As a result, they are more 
likely to explore the shop and make purchases, which 
overall increase IKEA’s sales.

IKEA has studied consumer behaviour and has 
developed product placement and store layout to 
almost perfection. The Gruen effect is a concept 
in psychology and marketing. It’s the idea where 
consumers enter a shopping environment, such as a 
mall, and experience a disoriented or transformative 
effect, increasing their propensity for impulsive 
purchases and spending (Waters, 2018). IKEA applies 
the Gruen effect to their store and has mastered it. 
IKEA has a ‘’fixed path’’ store layout design, meaning, 
that there is an entitled road you must follow, guiding 
the costumer through the store in one direction. 
Research shows that a typical costumer sees only 
40% of the products displayed in a store (Heil, 2019). 
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4. HAWKINS STERN IMPULSE BUYING MODEL
Atier understanding, what neuromarketing techniques IKEA uses to influence consumer behaviour, the Hawkins Stern 
Impulse Buying model will be used to further strengthen the investigation. This model serves as support for this 
research as it focuses on various stimuli and scenarios that trigger unplanned purchases. The models structure can be 
effectively applied to analyse IKEA and to gains deeper insights into how they stimulate impulsive behaviour among 
shopper with neuromarketing.

Escape Purchase Escape purchases refers to buying on impulse as means of ‘’escaping from reality’’ or seeking 
relaxation. Although it is known that IKEA is the largest furniture retail brand internationally, it is 
also the 10th food seller outside the US (Buildd, 2023). Kamprad decided to open a cafeteria in his 
shop because he thought that ‘’it’s difficult to do business with someone on an empty stomach. His 
observation aligns with the neurological effect on consumer behaviour, because when our stomachs 
are empty, we turn to ‘’survival mode’’, prioritising the need of food before anything. As shopping 
at IKEA may be fatiguing, most consumers stop at the restaurant to reward themselves and rest 
before continuing to shop in the massive store, which is why it’s considered an escape purchase 
(Build, 2023). In addition, as IKEA’s are placed out of town, so ordinary restaurants are far away, so if 
a consumer is hungry, they are forced to eat at IKEA.

Reminder Purchase The reminder purchase in Hawkins Stern model, is the type of purchase that is triggered by visual or 
environmental signals, that reminds the costumer of the needs. IKEA places tape measures, mallets 
or other tools near furniture, in order to remind consumers that to assemble the furniture they might 
need these tools. The placement of these serves as a neuromarketing strategy that taps into the 
psychological concept of convenience. By having these tools placed close to the displays, IKEA not 
only reminds consumers but also transmits a sense of readiness.
The fact that these tools are in convenient areas demonstrates how IKEA anticipates and 
understands requirements, which creates a positive experience and hassle-free journey.

Suggested Purchase Suggested purchase is the type of purchase that is influenced from recommendations or suggestions. 
IKEA achieves this through signage, for example, within the store, a sign that says ‘’Perfect for you 
new IKEA bed’’ next to a bedside table to encourage consumers to buy the bedside table even if 
they were not planning on it. This form of influence is a neuromarketing technique that connects 
to triggering atention and relevance. The signage get the consumers atention but also creates a 
connection. This connection is personalised approach that can create an emotional response, making 
the suggested item feel unique to the consumer’s situation, which increases the chances of the 
unplanned purchase.

Planned Purchase The planned purchases at IKEA are furniture, and according to a survey from ‘’Statista Global 
Consumer’’ with the question of ‘’What is first furniture brand you can think of’’, IKEA was the 
most popular answer. The Swedish brand has become the staple in the furniture industry due to its 
strong brand image on offering affordable, quality products. This means that whenever a consumer 
is planning on purchasing furniture for their household, the Swedish company is always an option 
considered.

It’s worth noting that there is not a window in sight as a 
consumer walks through IKEA, meaning no sunlight will 
enter the store. All clock in the store’s walls are turned 
off. This is a strategy IKEA got from casinos, to make 
consumers lose track of time. In addition, other factors 
atribute to this effect. Customers are overexposed to 
light, sound, colour, texture, and even smell in the store. 
This has an effect on costumer behaivour because 
when costumers feel like they shopped enough due to 
fatigue, they’ve in fact only passage through 50% of the 
store, causing them to and subsequently make impulse 
purchases in stores. This slowly fills consumers baskets, 
which is an effective neuromarketing technique that 
affects brand behaviour (Frank, 2016).

Plants are placed all over the store. This not only 
decorates the store, adding a touch of nature to a place 
with no sunlight or windows. Psychologically, making 
visually appealing displays using plants might inspire 
consumers to purchase a plant for their home. IKEA 
uses plants to both decorate their store and to sell 
the product. This technique gives a solutions to two 
problems simultaneously.

Also, as mentioned, IKEA can be seen as a family 
activity. This means that families with kids will very 
otien enter the store and spend their day in IKEA. 
The average costumer spends 2 ½ to 3 hours in IKEA, 
and when a family with small children shops in large 
complex of IKEA, it can get very tiring for everyone 
(Biggs, 2016). IKEA is capable of making an adult lose 
track of time, with children this is even more effective. 
The strategic placement of toys at the end of stores 
is an effective atempt to take advantage on the 
exhaustion of parents and children. Once the families 
reach the end of the store, children are otien tired 
with a higher potential of tantrum. Simultaneously, 
parents that have been navigating the one-way, maze 
like store while at the same time trying to keep their 
children slightly entertained will normally get fatigued. 
Children’s dopamine levels are low from only seeing 
furniture all day, and once they see toy area, their 
dopamine levels will increase significantly. This rise of 
dopamine will make the kids want to bring their toy 
home, captivating their desire for instant gratification. 
IKEA also strategically places toys at the end of the 
store’s as an ‘’impulse buy’’ section, since the toys are 
products that are not typically on peoples shopping list.

IKEA’s self-service warehouse is the part of the store 
were costumers pick the furniture they will bring home. 
All furniture is packaged in boxes and placed in large 
shelfs. This strategy employed by IKEA is effective to 
impacting consumer behaviour positively, because as 
clients navigate through the elevated shelfs and see the 
neatly placed boxes, they are subconsciously atracted 
to the organised and efficient layout of the self-service 
warehouse of IKEA. This order and organization creates 
a sense that elicits a feeling of trust in the quality of the 
furniture, affecting the consumer behaviour to browse 
the are more and consider purchasing items they might 
not have initially planned for (Brockmann, 2021).

IKEA’s labyrinth-like layout and strategic product 
placement influences consumers to spend more money 
than planned. This underlines how once the basic needs 
are met in the store, IKEA manages to subconsciously 
make the consumer behaviour create new psychological 
needs. These neuromarketing techniques are what 
difference IKEA from others in the furniture industry.

"It’s worth noting that there 
is not a window in sight as 
a consumer walks through 
IKEA, meaning no sunlight 
will enter the store. All clock 
in the store’s walls are turned 
off. This is a strategy IKEA 
got from casinos, to make 
consumers lose track of time. 
In addition, other factors 
atribute to this effect".



Investigating the effect of IKEA’s Neuromarketing. Ignacio Narro Tebar. SEK-Qatar 	 7978	 ORBIS TERTIUS JUNIOR 14

Culture adaptation

IKEA is present in 59 countries, meaning that in order 
for the brand to succeed in all countries, it has to 
adapts its products according to its markets culture. 
IKEA atracts costumers internationally by taking into 
account the lifestyles of each country, especially in Asia 
as the culture differences with Sweden significant. For 
example, the products colours differs from those meant 
for the European market, and the dimensions of beds or 
sofas are different. So there are 4 catalogues available 
European, North American, Australian and Asian 
(McDonald, 2018).

In order for IKEA to showcase all these options in the 
store, they utilize their spacious room in the store. As 
mentioned, as a costumer wanders around IKEA, they 
are practically hands free at all times, since the big pieces 
of furniture are picked up at the end of the journey. This 
means that the experience is more relaxing, causing the 
costumer to be more receptive. This sensory experience 
allows customers to envision how IKEA products would 
fit into their own homes, which literally answers the 
question of “Does this brand fit my needs?”.

‘’Is it in the right price bracket for me?’’- IKEA has 
positioned themselves as a low-cost brand in order 
to manipulate that idea into the costumer. The brands 
mission statement is ‘’ To offer a wide range of well-
designed, functional home furnishing products at prices 
so low that as many people as possible will be able 
to afford them’’. This is a neuromarketing technique 
of anchoring, this is a bias that affects prices in mind 
of the consumer for products. This phenomenon 
involves the company changing the perception of 
value on individuals. It influences the perception of 
what a reasonable price is for quality furniture. This 
neuromarketing technique is extremely effective 
because as a consumer scouts the aisles of IKEA, 
the anchored influence from the mission statement 
becomes a subconscious assessment, guiding purchase 
decisions and reinforcing IKEA’s identity as a provider of 
budget-friendly yet stylish solutions for furniture.

Performance
In this stage of the Brand loyalty pyramid, consumers 
start to compare IKEA with their competitors, to decide 
which one is their preference. In this level clients will 
start to recognise IKEA more in their day-to-day life’s.

The world’s largest furniture retailer since 2008 
has been IKEA, and their competitors haven’t goten 
close to the Swedish company ever since. In order to 
maintain this consistency, IKEA has had to differentiate 
themselves from their competitors.

With regard to the brands recognition, IKEA’s blue 
and yellow colours of their logo, clearly inspired by 
the Swedish flag, are internationally known. This 
unique combination of colours is recognised by most, 
making it different and iconic. The colour scheme does 
not only tribute Sweden, but also evokes a sense of 
comfort, warmth and reliability (Jansen, 2022). Blue and 
yellow have become synonymous to functionality and 
affordability. Colour psychology is a neuromarketing 
technique commonly used, and IKEA started 
implementing this technique in 1981, demonstrating 
their innovative nature.

Figure 4. (The All Colour Envelopes Blog, 2024)

5. THE BRAND PYRAMID
In order to analyse the effect of neuromarketing on 
brand loyalty, the ‘’Brand Pyramid’’ will be used as a 
tool. This tool is beneficial for this investigation as it 
provides understanding on the process that consumers 
go through to bond with a brand, and in the case of 
IKEA, what neuromarketing does the brand employ to 
achieve loyalty. If things are done right, consumers go 
through the 5 stages of the pyramid, and IKEA employs 
neuromarketing for consumers to climb up through the 
pyramid

Figure 3.  (Reesesaint, 2022)

Presence
The first level of the brand pyramid is Presence. This 
is the level where customers are aware the brand, 
but that is it. They may have previously seen or used 
products, but there is feel emotional connection 
atached to them (Mindtools, 2021). Due to IKEA having 
such a level of popularity, most people are exposed to 
the Swedish company, and know what they sell. Since 
furniture is a necessity for most, they most probably be 
aware that IKEA is a cheap and reliable place for this 
product without having any atachment to the brand. 
At the Presence level of the brand pyramid, customers 
recognize IKEA as a familiar and accessible furniture 
retailer. This is the level where a clients interaction with 
the brand is minimal, mainly transactional.

But, through IKEA´s neuromarketing, the brand is able 
to easily move the client up in the pyramid, from the 
presence level to the relevance level.

Relevance
The relevance level is based of 2 questions:
•	 “Does this brand fit my needs?”
•	 “Is it in the right price bracket for me?”

This is the stage where a costumer starts to wonder if 
the brand is appropriate for their preference.

“Does this brand fit my needs?”-As mentioned, furniture 
is an essential for most households. If anyone ever goes 
to IKEA, it will most likely be to purchase some sort 
of furniture for their homes. IKEA´s large variety of 
furniture in terms of style, size, colour to function ticks 
off most basic needs when it comes to furniture. This 
allows customers to find solutions that align with their 
unique requirements.

IKEA offers numerous solutions, for example:

Sustainable designs

The use of sustainable materials to manufacture furniture 
has been growing within IKEA. Many consumers search 
for the sustainable option as awareness on caring for 
the enviroment has augmented due to campaigns. 
Within the industry, when it comes to the use of 
sustainable materials, IKEA has come a long way in 
avoiding unnecessary material consumption, as about 
55% of the materials the brand uses are renewable, 
and 17% are recycled (IKEA 2023). This dedication to 
ethical sourcing aligns with the ideals of green-minded 
shoppers who are becoming more concerned about the 
effects of their purchases on the environment.

"The Brand Pyramid is beneficial 
for this investigation as it provides 
understanding on the process that 
consumers go through to bond with a 
brand, and in the case of IKEA, what 
neuromarketing does the brand employ 
to achieve loyalty".
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6. CONCLUSION
On final analysis, this research concludes that IKEA’s 
neuromarketing tools are effective to a large extend 
in terms of enhancing brand loyalty and affecting 
consumer behaviour positively. It becomes evident 
that IKEA’s success does not only come from their 
high quality affordable furniture, but also from their 
application of neuromarketing techniques, like their 
store layout, which creates Gruen effect. The Hawkins 
Stern model revealed how IKEA uses psychological 
manipulation and sensory experiences to create 
impulse purchases. The Brand Pyramid demonstrated 
that IKEA is able to systematically guide consumers by 
the means of neuromarketing to create an emotional 
connection. IKEA continuously innovates and adapt its 
neuromarketing strategies to society, indicating that 
they commited to maintain theirs status as a leader in 
the furniture industry.

"Consumers have now fully 
understud the brands identity 
and objective, but now it’s 
the moment of whether they 
get that atachment or not. 
IKEA is effective in creating 
that emotional connection 
needed. The IKEA experience 
is not only about buying the 
furniture, it goes beyond that".
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